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Preface

The composition of this text has been guided by a common need to
document the wide spectrum and range of pharmaceutical and bio-
pharmaceutical agents that have been, or potentially could be, uti-
lized for diagnostic purposes. The sources and motivation for the
development of such agents are quite varied in nature. In recent
decades, an extensive body of investigative research has been devot-
ed specifically to the design and evaluation of diagnostic pharmaceu-
ticals. A significant portion of these efforts have been directed
toward developing agents to meet the demands for enhancing the
effectiveness of conventional imaging modalities and more advanced
forms of diagnostic instrumentation, including contrast-enhanced
helical computed tomography (CE-HCT), dynamic susceptibility
contrast magnetic resonance imaging (DSC-MRI), and trans-cranial
color-coded sonography (TCCS). Alternatively, the substantial
amount of mechanistic-oriented research supported through federal
agencies and private foundations has indirectly provided an invalu-
able experimental foundation for the development of a variety of bio-
chemical, receptor, and gene-based diagnostic agents.

Weritten in an evidence-based format, the text is intended to serve
as an information resource for identifying pharmaceutical and bio-
pharmaceutical agents that can be applied in vivo or ex vivo in living
systems relevant to both clinical medicine and investigative research.
Organization of the contents has been structured on the assumption
that in most instances, the specific organ system, physiological func-
tion, or disease process of interest is already known, but the identity
of the appropriate molecular probe necessary to perform a specific
diagnostic objective is uncertain. Given this perception, information
in each chapter consists of an alphabetical listing of individual dis-
ease states or physiological processes of interest that have been
entered in bold type above the text for each entry. On a secondary
header line the name of the corresponding diagnostic pharmaceutical
or biological agent(s) is provided in italics. In this manner, molecular
probes can be located in the text based on their application or func-
tion without prior knowledge of their identity. Some entries also
have additional clarifying statements contained within brackets to
better indicate the contents of the descriptions provided for a partic-
ular diagnostic pharmaceutical.

Chapters in the text have been arranged or categorized into sec-
tions, including molecular agents that function as classical molecular
probes, image-enhancing pharmaceutical or biopharmaceutical
agents, and delivery modalities. The chapters contained within each
of these major sections are themselves organized according to indi-
vidual body systems. Diagnostic pharmaceuticals have also been
included in chapters or subchapters that address broad topics related
to endocrinology, genetic conditions, pharmacogenetics, neoplastic
disease, metabolic function, inflammatory responses, infectious dis-
ease, immunity, ex vivo diagnostic models, and breath tests. Organi-
zation of the text in this fashion not only allows information about a
diagnostic agent to be found in a more expedient manner, it also
facilitates a more convenient grouping of pharmaceutical and bio-
pharmaceutical agents that have similar diagnostic applications.

The majority of the information provided about diagnostic phar-
maceuticals and delivery modalities can be applied to humans and
other mammalian species, including laboratory animals, companion
animals, domestic livestock, and wildlife, assuming some degree of
preliminary optimization may be required. Although not specifically
addressed, individual diagnostic pharmaceuticals and biopharmaceu-
tical agents could also potentially be utilized for similar purposes in
avian and reptilian species. Diagnostic agents could not be provided
for the assessment of all known disease states or physiological
processes. In part, this is because either some clinical conditions and
biological functions cannot be appropriately characterized through
the use of diagnostic pharmaceuticals and biological probes, or it is
due to the fact that effective molecular agents still remain to be
developed for such purposes. In accord with many published texts,
there is a substantial amount of information that had to be excluded
from this 1st edition due to various constraints. In the near future, it
is hoped that an increased interest will be stimulated in the develop-
ment of diagnostic pharmaceutical and biopharmaceutical agents in
concert with their evaluation and application in clinical medicine and
investigative research.
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COMPARATIVE DIAGNOSTIC PHARMACOLOGY
Clinical and Research Applications in Living-System Models
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1 Cardiovascular System

CARDIAC ARRYTHMIAS AND
EKG-PHARMACOLOGY
(ELECTROPHARMACOLOGY)

Arrythmias: Differential Diagnosis
Adenosine Triphosphate (ATP)

Background Information: The agent adenosine triphosphate
has been applied for decades as a major medication for the termina-
tion of supraventricular tachycardia crisis (reentry mechanism impli-
cating the atrioventricular node).

Application: Differential diagnosis of cardiac arrythmias includ-
ing narrow or wide QRS tachycardia; latent accessory pathway,
intranodal duality (non-invasive); evaluation of slow pathway abla-
tion (non-invasive); and obscure tachycardia mechanism with palpi-
tations or tachycardia.

Atrial Flutter: Fetal/Pregestation
Adenosine

Physiological Mechanism of Action: Negative chronotropic
effect on the heart.
Application: Differentiate between atrioventricular nodal reen-
trant supraventricular tachyarrhythmia and atrial flutter.
Route of Administration: Cordocentesis (fetus).
Implementation: Evaluation of a cardiac arrythmia with 1:1
atrioventricular conduction applying prenatal echocardiography.
Adenosine is infused via cordocentesis for the purpose of differenti-
ating between atrioventricular nodal reentrant supraventricular tach-
yarrhythmia and atrial flutter.

Human Model: Fetal tachyarrhythmia with 1:1 atrioventricu-
lar conduction in a fetus at 25 weeks gestation.
Interpretation and Analysis:  After infusion, transient 2:1 atrio-
ventricular dissociation may be observed in conditions correspon-
ding to a diagnosis of atrial flutter. Transplacental therapy with
digoxin and amiodarone can then be employed for successful con-
version.

Fetal tachyarrhythmia with 1:1 atrioventricular conduction. Adenosine infu-
sion in the umbilical vein as a diagnostic test. Leiria TL, Lima GG, Dillen-
burg RF, Zielinsky P. Arq Bras Cardiol 2000 Jul; 75 (1), pp. 65-8.

Atrioventricular (A-V) Accessory Conduction
Pathway/(Wolff-Parkinson-White Syndrome)
Flecainide

Cellular/Molecular Mechanism of Action: Flecainide inhib-
its membrane sodium fast channels.

Application: Flecainide is utilized as a Class Ic antiarrhythmic
agent.

Route of Administration: Flecainide (intravenous). Flecainide
can also be given orally since it is not as extensively removed from
the portal circulation as the other pharmaceutical agents in this class
of antiarrhythmic agents.

Dosage: Flecainide (2 mg/kg over S-minute period).
Implementation: Conversion of accessory A-V conduction
pathway arrythmias. Cases of accessory A-V conduction pathway
can present in various classification types (e.g., total n = 21; appar-
ent n = 16/21; latent = 1/21; concealed/blocked in the anterograde
direction = 4/21) and clinical presentations (e.g., spontaneous and
inducible n = 17/21; supraventricular tachycardias due to ortho-
dromic reentry including the accessory A-V pathway n = 13/21; and
atrial arrhythmias n = 4/21).

Interpretation and Analysis: Intravenous flecainide can suc-
cessfully terminate supraventricular tachycardia over a time span
averaging 3 minutes (e.g., n = 13/13). Such effects are achieved
through depression and then blocking of retrograde conduction with-
in the accessory pathway. Similary, approximately 75% (e.g. n = 3
of 4) of cases with atrial arrhythmia can be converted. Conduction in
the accessory pathway is blocked in the anterograde direction in 75%
of affected cases and depressed in the rest; it is blocked in the retro-
grade direction in about half the cases and depressed in the remain-
ing cases. Intravenous flecainide completely prevents the induction
of arrhythmias in approximately 76% of affected cases (e.g. n =
13/17). Oral flecainide blocks the accessory pathway in the antero-
grade and retrograde direction in 68.7% and 62% of these cases
respectively, while preventing arrhythmias during provocative test-
ing in approximately 82% of cases (n = 14/17). With an average fol-
low-up of 20.7 = 2.6 months for oral doses adapted to body weight
and to the response to flecainide IV, the observed rate of recurrence
for atrial fibrillation is very low (e.g., n = 1/21). Conversely, a high
level of prevention for spontaneous supraventricular can be appreci-
ated (e.g., 100%), as well as a high level of prevention for all arrhyth-
mias (e.g., n = 16/17 or 94%). The predictive value for the response
to oral therapy of the tests of regularization of SVT by IV flecainide
and of the tests of non-provocation of SVT with oral or IV flecainide
is excellent (100%), and cardiac tolerance is very good. A moderate
percentage of cases will experience general intolerance to oral thera-
py in a manner that is not dose related and very few of these cases
actually require interruption of therapy.

Effects of oral and injectable flecainide in patients with an accessory atrio-
ventricular pathway. Fauchier JP, Cosnay P, Rouesnel P, Moquet B, Bonnet P,
Scala PJ, Demeyer JF. Arch Mal Coeur Vaiss 1985 Oct; 78 Spec No:81-90.

Atrioventricular (A-V) Block/Intermittent High-
Degree A-V Block
Procainamide

Application: Characterization of atrioventricular block.
Route of Administration: Intravenous.
Dosage: Procainamide, = 10 mg/kg.
Implementation: Evaluation of cases with resting 1:1 A-V con-
duction but have bifascicular block and a history of syncope, with
high-degree A-V block not diagnostically documented prior to per-
forming the procainamide challenge test.

Before procainamide administration, the HV interval can be
greater than 60 msec in a relative large number of cases (n = 17/42

5
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or 41%). Results can be compared to negative reference controls
(e.g.,n = 3).

Human Model: Cases of suspected atrioventricular block (n

= 42). Note: Absence of the development of infra-Hisian block with
fixed rate atrial pacing or following programmed atrial extrastimuli
in cases with > 60 msec HV intervals.
Interpretation and Analysis: Procainamide administration
lengthens the mean HV interval by 11.9 msec, and in approximately
14% of cases (e.g., n = 7/42) the HV increment can be marked (e.g.,
between 15 and 75 msec change). Some cases may develop second
or third degree infra-Hisian block (e.g., n = 4/42 or 9.5%), while a
subpopulation of these cases (e.g., n = 2/4), their HV prior to pro-
cainamide administration is normal or only mildly prolonged (less
than 60 msec). Among cases with bifascicular block with previously
documented transient A-V block but 1:1 A-V conduction at the time
of study (e.g., n = 4 cases), a relatively large percent may develop
high-degree A-V block following procainamide (e.g., n = 3/4 or
75%). In conditions of bifascicular block but without syncope or
documented high-degree A-V block (e.g., n = 5 cases), the mean HV
interval may lengthen by 18.8 msec or more (e.g., n = 3/5 HV incre-
ment 24-30 msec). In conditions without syncope or an intraventric-
ular conduction defect (e.g., n = 38 cases), the mean HV interval
may lengthen by 5.3 msec (e.g., n = 2/38 cases with increases of 20
to 25 msec). Cases in the latter 2 groups frequently do not experience
high-degree A-V block (e.g., n = 0). During follow-up periods of up
to 10 years (mean 46 months), approximately 43% of cases in which
procainamide provokes high-degree A-V block will subsequently
progress to fixed complete A-V block (e.g., n = 3/7 cases). Although
the incidence of provocation of A-V block is relatively low, it can be
concluded that in conditions with possible intermittent A-V block,
administration of procainamide as a test of distal conduction has lim-
ited value but is still useful and may provide information additional
to that obtained from mere assessment of the HV interval.

Procainamide administration during electrophysiology study—Ultility as a
provocative test for intermittent atrioventricular block. Twidale N, Heddle
WE, Tonkin AM. Pacing Clin Electrophysiol 1988 Oct; 11 (10), pp. 1388-97.

Atrioventricular (A-V) Block/Intermittent
High-Degree Atrioventricular (A-V) Block/
Dose Infusion Optimization

Procainamide

Cellular/Molecular Mechanism of Action: Procainamide
inhibits Na*/K™ pump function and promotes weak parasympa-
tholytic activity similar to quinidine (quinidine has a stronger influ-
ence on cardiac parasympathetic input).
Background Information: No previous studies have deter-
mined the pharmaco-dynamics of intravenous procainamide when
administered in a dose of 15 mg/kg and at a rate of 50 mg/min, as is
common practice during electropharmacologic testing.
Application: Characterization of A-V block and intermittent
high-degree A-V block.
Route of Administration: Procainamide (intravenous).
Dosage: Procainamide (4 mg/min to 8 mg/min).
Implementation: Evaluation of cardiovascular conditions using
procainamide during electropharmacological testing procedures. In
this fashion, the right ventricular effective refractory period and the
QRS duration at a ventricular pacing rate of 120/min can be deter-
mined every minute for 20 minutes. Plasma procainamide concentra-
tions are measured at 1, 5, 10, 15, and 20 minutes following loading-
dose administration.

Human Model: n = 30; n = 10 cases given no maintenance
infusion; n = 10 cases @ 4 mg/min maintenance infusion; n = 10

cases @ 8 mg/min maintenance infusion; n = 10 reference control
cases given no procainamide.

Interpretation and Analysis: A stable plasma procainamide
concentration may not be present in cases receiving procainamide
administration until 15 minutes after loading-dose infusion. The
effective refractory period and QRS duration increase compared
with baseline at 1 minute, decrease between 1 and 10 minutes, and
then remain essentially unchanged between 10 and 20 minutes (all
cases groups receiving procainamide). Concentration-effect relation-
ships are linear in cases receiving multiple procainamide administra-
tion schedules. The plasma procainamide concentrations in cases
receiving infusions at 8 mg/min are significantly greater than in cases
receiving 4 mg/min infusion rates; however, the effects on refractori-
ness and QRS duration are similar in both groups. These findings
indicate that with a procainamide dosing method commonly used
during electropharmacologic testing, the plasma procainamide con-
centration decreases significantly during the first 15 minutes after the
loading dose is administered.

Pharmacodynamics of intravenous procainamide as used during acute elec-
tropharmacologic testing. Morady F, Kou WH, Schmaltz S, Annesley T, De
Buitleir M, Nelson SD, Kushner JA. Am J Cardiol 1988 Jan 1; 61 (1), pp. 93-8.

Atrioventricular Nodal Reentrant Tachycardia/
Atrioventricular Nodal Block Induction
Adenosine

Physiological Mechanism of Action: Negative chronotropic
effect on cardiac function.
Background Information: Adenosine at low doses preferen-
tially blocks fast over slow pathway conduction in conditions of dual
atrioventricular (A-V) nodal physiology and typical A-V nodal reen-
trant tachycardia (A-VNRT). During atrial pacing, this effect is man-
ifested as an abrupt increase in the AH interval with low doses of
adenosine. The demonstration of dual A-V nodal physiology may be
useful as a diagnostic tool during electrophysiologic studies in cases
with supraventricular tachycardia that are not easily inducible, as
clear demonstration of dual A-V nodal pathways may indicate that
A-VNRT is a likely diagnosis and that further attempts at arrhythmia
induction should be tailored with that objective in mind. However, to
be a useful test, adenosine should not cause an abrupt increase in AH
interval in conditions without dual A-V nodal physiology.
Application: Incremental adenosine infusion during electrophys-
iologic studies can be used as a highly specific diagnostic tool for
cases with dual A-V nodal pathways.
Route of Administration: Adenosine (intravenous).
Dosage: Adenosine (incrementally larger doses administered
until development of A-V nodal block).
Implementation: Baseline Wenckebach cycle length (WCL)
and A-V nodal effective refractory periods are measured at atrial
pacing cycle lengths of 400 and 600 msec. The atrium is then paced
at WCL +50 ms, and WCL +100 ms, while incrementally larger
doses of intravenous adenosine are administered until induction of
A-V nodal block.

Human Model: Electrophysiology cases (n = 37 without pri-
or history of A-VNRT).
Interpretation and Analysis: The mean (= standard deviation)
doses of adenosine required to cause A-V nodal block while pacing
at WCL +50 msec and WCL + 100 msec is approximately 7.1 = 3.9
and 7.4 * 4.5 mg, respectively. In a small number of cases (e.g., n =
1/37 = 2.7%, 95% confidence interval 0-8%), an abrupt prolonga-
tion of the AH interval can be appreciated with the administration of
adenosine during atrial pacing as well as during the atrial refractory
period determination. In the majority of cases, no dual A-V nodal



physiology can be appreciated during the refractory period determi-
nation, and there are only gradual changes in the AH interval with
atrial pacing during adenosine administration. In cases without a his-
tory suggestive of A-V nodal reentrant tachycardia, only 2.7% have
clinically silent dual A-V nodal pathways using the described
method. Incremental adenosine infusion during electrophysiologic
study can be used as a highly specific diagnostic tool for cases with
dual A-V nodal pathways.

Use of adenosine as a diagnostic tool for dual atrioventricular nodal path-
ways: Response of control patients to incremental doses of adenosine.
Burkart TA, Scozzaro MJ, Angella FR, Jayaram KN, Gonzalez MD, Conti
JB, Curtis AB. Clin Cardiol 2002 Jun; 25 (6), pp. 263-6.

Brugada Syndrome/Genetic Locus: SCN5A
Gene Mutation
Flecainide

Cellular Mechanism of Action: Flecainide suppresses fast
sodium channels resulting in declines in Vmax and action potential
overshoot within the atria, ventricles, and Purkinje fibers.
Physiological Mechanism of Action: Flecainide and the other
agents in this class of local anesthetics including encainide and lor-
cainide exert cellular membrane electrophysiological responses that
are distinctly different from those created by lidocaine. A slowing of
conduction is most prominent within the His-Purkinje system, but
there is minimal effect on action potential repolarization duration.
On EKG tracings a noticeable widening of the QRS complex can be
appreciated.

Background Information: The flecainide test is widely used to
evaluate conditions of Brugada syndrome. However, its reproduci-
bility and safety remain ill-defined.

Route of Administration: Flecainide test (intravenous bolus).
Dosage: Flecainide test (2 mg/kg over 10 minutes).
Implementation: (i) Evaluation of the frequency of mutations in
the SCN5A gene in cases of Brugada syndrome that are candidates
for flecainide response testing; (ii) determination of the degree of
correlation that exists between SCN5SA expression and results from
flecainide response testing; (iii) determination of the repeatability of
flecainide test response. The flecainide response is performed at
baseline (e.g., n = 21/22 cases) and a second time within 2 months.

Human Model: Cases of Brugada syndrome (n = 22; n = 18
men; age = 34 years; n = 2 cases of aborted sudden cardiac death;
n = 8 cases with syncope/presyncope; n = 12 asymptomatic cases).
Interpretation and Analysis: Mutations in the SCN5A gene
can be appreciated in a relatively large percentage of cases of Bruga-
da syndrome (e.g., n = 8/22). Analyses of ECG tracing may be
(i) diagnostic in 86% (e.g. n = 19/22); and (ii) suggestive in 14%
(e.g. n = 3/22). The flecainide test can be performed by infusion of a
2 mg/kg IV bolus over 10 minutes (e.g. n = 21/22 test subjects). In
a very high percentage of cases the flecainide test is diagnostic or
amplifies the typical ECG pattern (e.g., n = 21/21 or 100%). At the
end of drug infusion, sustained VT that lasts 7-10 minutes may ulti-
mately develop (e.g., n = 2/21 cases).

A second flecainide test performed within 2 months may be diag-
nostic in a high percentage of cases (e.g., n = 20/20 or 100%; note n
= 2 cases with prior development of ventricular arrythmias; n = 1/2
with sustained VT; n = 1/2 recurrent VF). The reproducibility of the
flecainide test is relatively high (e.g. 100%). Approximately 18% of
cases (e.g., n = 4/22) develop ventricular arrythmias documented
after the end of flecainide infusion. Ventricular arrythmias occur in
43% (e.g.n = 3/7) of cases with SCNSA gene mutation compared to
7% (e.g. n = 1/15) without an SCN5SA gene mutation (p < 0.05).
Diagnostic ECG changes or arrhythmias are usually not appreciated
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in reference controls (e.g., n = 25). The reproducibility of the fle-
cainide response test is very high for supporting a diagnosis of Bru-
gada syndrome. However, the occurrence of major VA, (significantly
higher in cases with documented SCN5A gene mutation, including
in asymptomatic conditions) mandates performance of the proce-
dures under appropriate medical supervision. Whether a slower rate
of drug infusion can lower the risk of VA induction while maintain-
ing the sensitivity of the test needs to be explored.

Flecainide test in Brugada syndrome: A reproducible but risky tool. Gasparini
M, Priori SG, Mantica M, Napolitano C, Galimberti P, Ceriotti C, Simonini S.
Pacing Clin Electrophysiol 2003 Jan; 26 (1 Pt 2), pp. 338—41.

Brugada Syndrome/Genetic Locus: Distinct from
SCN5A (Low Procainamide Sensitivity)
Procainamide

Background Information: Brugada syndrome is a form of idio-
pathic ventricular fibrillation characterized by a right bundle-branch
block pattern and S-T segment elevation (S-TE) in the right ECG
precordial leads. Sodium channel blockers increase S-TE. Mutations
of the cardiac sodium channel SCN5A cause the disorder, and an
implantable cardioverter-defibrillator is often recommended for the
management of such conditions. Mutations in other genes have not
been identified, and it is not known if the efficacy of drug testing or
the malignancy of arrhythmias correlates closely with the frequency
of the genetic defect.
Application: Procainamide infusions do not identify additional
affected cases of Brugada syndrome beyond those already identified
through the interpretation of other clinically-relevant parameters.
Implementation: Collective evaluation of histories, physical
examinations, ECGs, and drug testing in cases with Brugada syn-
drome. Samples of DNA isolated from blood samples, polymorphic
genomic markers, and polymorphisms within sodium channels can be
used for a genome-wide screen, fine mapping, and linkage analysis.
Human Model: Families with multigenerations with Brugada
syndrome.
Interpretation and Analysis: Some affected cases (n = 12
right bundle-branch block, = 1 mm S-TE) with an autosomal domi-
nant inheritance profile display patterns of incomplete penetrance
that appears to be dependent on age and gender. Some cases (e.g.
n = 4/12) also display signs of syncope, while others (e.g.,n = 2/12)
have documented evidence of ventricular arrhythmias. In some sce-
narios, there is minimal sudden death in the family history. Pro-
cainamide infusions do not identify additional affected individuals.
Linkage is present to an approximately equal 15 ¢cM region on chro-
mosome 3p22-25 (maximum LOD score = 4.00). The sodium chan-
nel genes SCN5A, SCN10A, and SCN12A on chromosome 3 have
been excluded as candidates (LOD scores = —2). A Brugada syn-
drome locus distinct from SCN5A is associated with progressive
conduction disease, a low sensitivity to procainamide testing, and a
relatively good prognosis in a single large pedigree.

Clinical and molecular heterogeneity in the Brugada syndrome: A novel gene
locus on chromosome 3. Weiss R, Barmada MM, Nguyen T, Seibel JS,
Cavlovich D, Kornblit CA, Angelilli A, Villanueva F, McNamara DM, Lon-
don B. Circulation 2002 Feb 12; 105 (6), pp. 707-13.

Brugada Syndrome and Long Q-T Interval
Syndromes
Flecainide

Cellular Mechanism of Action: Flecainide suppresses fast
sodium channels resulting in declines in Vmax and action potential
overshoot within the atria, ventricles, and Purkinje fibers.
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Physiological Mechanism of Action: In this context, fle-
cainide and the other agents in this class of local anesthetics includ-
ing encainide and lorcainide exert cellular membrane electrophysio-
logical responses that are distinctly different than those produced by
lidocaine. A slowing of conduction is most prominent within the
His-Purkinje system, but there is minimal effect on action potential
repolarization duration. On EKG tracings a noticeable widening of
the QRS complex can be appreciated.

Application: Evaluation of SCN5A gene-related cardiac sodium
channel disfunction associated with both [i]long Q-T syndrome (Q-T
interval prolongation) with S-T segment elevations (leads V1
through V3); and [ii] Brugada syndrome. Intravenous flecainide is
the standard provocative test used to unmask Brugada syndrome in
individuals with concealed forms of the disease, and oral flecainide
has been proposed as a treatment option for LQ-T3 patients because
it may shorten their Q-T interval.

Route of Administration: Intravenous.

Dosage: Brugada syndrome protocol.

Considerations: The typical manifestations of Q-T syndrome
(Q-T interval prolongation) and Brugada syndrome (S-T segment
elevation in leads V1 through V3) may coexist in the same patients,
which raises questions about the actual differences between these
2 conditions. Theoretically, differentiation between them can be
achieved with the intravenous administration of flecainide based on
the hypothesis that it might not only shorten the Q-T interval but may
also produce elevations of the S-T segment in cases of long Q-T syn-
drome (Q-T interval prolongation) with S-T segment elevations
(leads V1 through V3).

Interpretation and Analysis: Administration of intravenous
flecainide according to Brugada syndrome protocols in conditions of
long Q-T syndrome (Q-T interval prolongation) with S-T segment
elevations (leads V1 through V3) can produce (i) shortening of the
Q-T, Q-Tc, JT, and JTc intervals in a high percentage of cases (e.g.,
n = 12/13 or 92%); and (ii) S-T segment elevation in leads V1
through V3 (= 2 mm) may also sometimes be appreciated (e.g., n =
6/13 or 46%). In this context, flecainide may induce S-T segment
elevation in conditions of long Q-T syndrome (Q-T interval prolon-
gation) accompanied by S-T segment elevations (leads V1 through
V3), thereby raising concerns about the safety of flecainide therapy
and demonstrates the intriguing consideration that an overlap may
exist between this condition and Brugada syndrome.

The elusive link between LQ-T3 and Brugada syndrome: The role of fle-
cainide challenge. Priori SG, Napolitano C, Schwartz PJ, Bloise R, Crotti L,
Ronchetti E. Circulation 2000 Aug 29; 102 (9), pp. 945-7.

Brugada Syndrome/Tachyarrythmias: Long Q-T
Syndrome
Catecholamine/Isoproterenol

Route of Administration: Isoproterenol (intravenous infusion).
Dosage: Isoproterenol.

Considerations: Catecholamines have long been used as a
provocative test in some forms of tachyarrhythmias including long
Q-T syndrome. In addition, catecholamines are also reported to
decrease S-T segment elevation in leads V1-V3 in some conditions
of Brugada syndrome.

Implementation: Differential effects of catecholamines on Q-T
interval, action potential duration, transmural dispersion of repolar-
ization, and torsade de pointes between LQ-T1, LQ-T2, and LQ-T3
forms of long Q-T syndrome can be evaluated in experimental mod-
els utilizing (i) arterially-perfused wedge preparations; and (ii) cases
with congenital long Q-T syndrome, including children.

Interpretation and Analysis: Preliminary results in adult and
prejuvenile forms of Brugada syndrome receiving isoproterenol
infusion reveals that it is effective in decreasing the S-T segment ele-
vation in leads V1-V2 and in suppressing the electrical storm of ven-
tricular fibrillation.

Catecholamines in children with congenital long Q-T syndrome and Brugada
syndrome. Shimizu W, Kamakura S. J Electrocardiol 2001; 34 Suppl, pp.
173-5.

Brugada Syndrome/Vagal Stimulation Sensitivity/
Angina: Atypical Thoracic Pain (Coronary
Vasospastic)/Ischemic-Related

Sudden Death Risk

Acetylcholine (ACh)/Ergonovine Maleate (EM)

Physiological Mechanism of Action: Coronary artery spasm
can be induced by acetylcholine, serotonin, ergonovine, or hista-
mine, all of which cause vasodilation when the endothelium is intact
by releasing nitric oxide (NO). In conditions of coronary artery
spasm, acetylcholine induces a spasmodic response that can be
promptly relieved by nitroglycerin, which promotes vasodilation
through a direct action on vascular smooth muscle. Such findings
imply that some form of abnormality in endothelial integrity exists in
conditions of coronary spasm that can be accentuated by acetyl-
choline and histamine, and to a lesser by ergonovine and serotonin.
In general, all ergot alkaloids exert their biological effect as partial
agonists or antagonists at adrenergic, dopaminergic, and tryptamin-
ergic receptor complexes. Effects of full agonists like norepinephrine
are usually augmented by low ergot alkaloid concentrations. Similar-
ly, the contractile response to agents like acetylcholine can some-
times be augmented by low ergot alkaloid concentrations.
Background Information: Experimental studies suggest that a
prominent transient outward current (I,,)-mediated action potential
notch and a subsequent loss of the action potential dome in the epi-
cardium, but not in the endocardium, give rise to S-T segment eleva-
tion and subsequent ventricular fibrillation (VF).
Application: Characterization of the sensitivity of Brugada syn-
drome to vagal stimulation and possible prediction of the risk of
developing ischemic-related sudden death.
Route of Administration: Acetylcholine (ACh).
Implementation: Evaluation of the frequency of coronary
spasm, augmentation (= 0.1 mV) of S-T segment elevation in leads
V1 to V3, and induction of VF by intracoronary injection of ACh
and/or EM.

Human Model: Cases of symptomatic Brugada syndrome
(n = 27 with n = 30 control).
Interpretation and Analysis: Coronary spasm can be induced
in a relatively small percentage of cases affected by Brugada syn-
drome (e.g., n = 3/27 or 11%) compared to approximately 43% of
healthy/normal subjects (e.g., n = 13/30). S-T segment elevation is
augmented in approximately 33% (e.g., n = 11/33) of right coronary
injections (e.g., ACh: n = 6/11 or 55%; EM: n = 5/22 or 23%),
without coronary spasm, but in essentially no or a very low percent-
age of left coronary injections in cases with Brugada syndrome (e.g.,
n = 0 or 0%). Ventricular fibrillation can be induced in approximate-
ly 9% of right coronary injections (e.g., n = 3/33; ACh: 2/11 or 18%;
EM: 1/22 or 5%), but in no or only a very low percentage of left
coronary injections (e.g., n = 0 or 0%). In contrast, neither S-T seg-
ment elevation nor VF can be commonly observed in control sub-
jects (e.g., n = 0 or 0%). Such observations support the hypothesis
that mild ischemia and vagal influences act additively or synergisti-
cally with the substrate responsible for Brugada syndrome elevated



S-T segments and precipitation of VF. These observations suggest
that Brugada conditions may be at a higher risk for ischemia-related
sudden death.

S-T segment elevation and ventricular fibrillation without coronary spasm by
intracoronary injection of acetylcholine and/or ergonovine maleate in
patients with Brugada syndrome. Noda T, Shimizu W, Taguchi A, Satomi K,
Suyama K, Kurita T, Aihara N, Kamakura S. J Am Coll Cardiol 2002 Nov 20;
40 (10), pp. 1841-7.

Brugada Syndrome: Unmasking Silent ECG Pattern/
[Syncope of Unknown Origin]
Ajmaline/Pro-Arrhythmic Effect

Cellular/Molecular Mechanism of Action: Ajmaline is a a
blocking agent for sodium channels.

Background Information: The diagnostic ECG pattern in Bru-
gada syndrome (BS) can transiently normalize and may be un-
masked by sodium channel blockers. Proarrhythmic effects of the
drug have been well documented in the literature. A detailed protocol
for the ajmaline challenge in Brugada syndrome has not been thor-
oughly described.

Application: Standardized ajmaline test for unmasking ECG evi-
dence of Brugada syndrome.

Route of Administration: Ajmaline (intravenous).

Dosage: Ajmaline (10 mg fractions every 2 minutes up to a target
dose of 1 mg/kg).

Implementation: Evaluation of ajmaline as a “test” agent dur-
ing ECG evaluation of Brugada syndrome.

Human Model: n = 158 cases subjected to a ajmaline test

over a 60-month period.
Interpretation and Analysis: In approximately one-fourth of
all cases of Brugada syndrome, the typical coved-type ECG pattern
of the condition is unmasked with ajmaline administration (e.g., n =
37/158 or 23%). During test evaluations, symptomatic VT can occa-
sionally be recognized (e.g., n = 2/158 or 1.3%). In other cases of
Brugada syndrome, ajmaline challenge does not induce VT if the tar-
get dose; QRS prolongation > 30%, presence/appearance of the typ-
ical ECG; or the occurrence of premature ventricular ectopy are con-
sidered as criteria end points. A positive response to a ajmaline can
be induced in a small number of cases (e.g., n = 2/94 or 2%) that
have a normal baseline ECG but are subjected to evaluation solely
for syncope of unknown origin.

The ajmaline challenge using a fractionated drug administration
protocol is a safe method to diagnose BS. Because of the potential
induction of VT, it should be performed under continuous medical
surveillance with advanced life-support facilities. Due to the prog-
nostic importance all cases with aborted sudden death or unex-
plained syncope without demonstrable structural heart disease and
family members of affected individuals should presently undergo
drug testing for unmasking Brugada syndrome.

The ajmaline challenge in Brugada syndrome: Diagnostic impact, safety, and
recommended protocol. Rolf S, Bruns HJ, Wichter T, Kirchhof P, Ribbing M,
Wasmer K, Paul M, Breithardt G, Haverkamp W, Eckardt L. Eur Heart J 2003
Jun; 24 (12), pp. 1104-12.

Brugada Syndrome (Case Report)/Vasospastic
Angina: Associated Syncope
Acetylcholine/Class | Antiarrhythmic
Agents/Procainamide/[Diltiazam]/[Flicanide]

Cellular/Molecular Mechanism of Action: Acetylcholine
promotes vascular smooth muscle contraction by acting as a neuro-
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transmitter for the parasympathetic segment of the autonomic nerv-
ous system. Procainamide is a Class I antiarrhythmic sodium chan-
nel blocker.

Physiological Mechanism of Action: Coronary artery spasm
can be induced by acetylcholine, serotonin, ergonovine, or hista-
mine, all of which cause vasodilation when the endothelium is intact
by releasing nitric oxide (NO). In conditions of coronary artery
spasm, acetylcholine induces a spasmodic response that can be
promptly relieved by nitroglycerin, which promotes vasodilation
through a direct action on vascular smooth muscle. Such findings
imply that some form of abnormality in endothelial integrity exists in
conditions of coronary spasm that can be accentuated by acetyl-
choline and histamine, and to a lesser by ergonovine and serotonin.
In general, all ergot alkaloids exert their biological effect as partial
agonists or antagonists at adrenergic, dopaminergic, and tryptamin-
ergic receptor complexes. Effects of full agonists like norepinephrine
are usually augmented by low ergot alkaloid concentrations. Similar-
ly, the contractile response to agents like acetylcholine can some-
times be augmented by low ergot alkaloid concentrations.

Procainamide exerts both a direct effect on the heart and an indi-
rect effect mediated through the autonomic nervous system. The
overall effect of procainamide on cardiac automaticity, excitability,
responsiveness and conduction are virtually identical to that reported
for quinidine.

Application: Administered as a provocative test for inducing
spasms of coronary arteries applied in combination with electrocar-
diography monitoring.

Route of Administration: Acetylcholine (selective intracoro-
nary injection).

Dosage: Acetylcholine.

Implementation: Evaluation of conditions associated with
coronary artery spasm.

Human Model: Cases of coronary artery spasm accompanied

by syncopal attacks and chest pain (e.g. n = 1/68-year-old male)with
evidence of Brugada syndrome on electrocardiogram tracings. Ven-
tricular fibrillation (VF) can be induced by programmed electrical
stimulation.
Interpretation and Analysis: S-T segment elevations can be
exaggerated by procainamide, which may not prevent the induction
of VF. Coronary angiography may reveal no stenotic lesions, while
spasm in the left coronary artery can be induced by intracoronary
administration of acetylcholine resulting in the creation of similar
chest pain similar to previous natural experiences. Under treatment
with diltiazem and flecainide, which can suppress the induction of
VF, patients may experience no recurrence of symptoms despite per-
sistent S-T segment elevations. No previous reports have described
coronary spasm associated with Brugada-type ECG abnormalities,
and patients with syncope should be evaluated carefully.

Related reports have described conditions of vasospastic angina
and Brugada-type ECG abnormalities. Cases may present with signs
of chest pain and evidence of transient S-T segment elevations on
ECG profiles. Coronary angiogram shows no organic stenosis. Syn-
copal episodes may follow anginal chest pain, and the same symp-
toms can often be created by intracoronary acetylcholine-induced
vasospasm. The ECG profile at rest in many cases shows S-T seg-
ment elevation in leads V1 and V2 and a right bundle branch block
pattern, which can be accentuated by a Class I antiarrhythmic drug.
Ventricular fibrillation also can be induced by programmed electrical
stimulation. Susceptibility to ventricular fibrillation can be modulat-
ed by the interaction of coronary vasospasm with Brugada syndrome
or vice versa; therefore, it is important to study the clinical implica-
tions of the coexistence of the 2 diseases in such conditions.
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A case of vasospastic angina presenting Brugada-type ECG abnormalities.
Itoh E, Suzuki K, Tanabe Y. Jpn Circ J 1999 Jun; 63 (6), pp. 493-5.

Vasospastic angina accompanied by Brugada-type electrocardiographic
abnormalities. Chinushi M, Kuroe Y, Ito E, Tagawa M, Aizawa Y. J Cardio-
vasc Electrophysiol 2001 Jan; 12 (1), pp. 108-11.

Long Q-T Syndrome: Genetic
Implications

Background Information: The molecular genetic background
of inherited cardiac arrhythmias has only recently been delineated.
Delays in establishing comparisons to other inherited cardiac dis-
orders has partly been due to the high mortality and early disease on-
set of these arrhythmias resulting in mostly small nucleus families.
Thus, traditional genetic linkage studies, which are based on the ge-
netic information obtained from large multigeneration families, have
been difficult to conduct. Inherited arrhythmogenic disorders can
be divided into primary electrical disorders (e.g., long Q-T [LQ-T]
syndrome), in which evidence of organic heart disease can not be
detected, and inherited diseases affecting myocardial structures (e.g.,
hypertrophic cardiomyopathies), in which arrhythmias occur com-
bined with structural (functional anatomical) alterations. To date, all
inherited arrhythmogenic disorders in which the causative genes
have been identified can be classified as channelopathies, since the
genes encode channel subunits that regulate important ion currents
that “tune” the cardiac action potential. The discovery of the genetic
bases of the LQ-T syndrome became a new methodologic paradigm
because with the use of “classical” genetic linkage strategies (named
[positional] candidate strategies), not only the causative genes have
been found, but moreover, functional components with a previously
unknown but fundamental role for a normal repolarization process
have been discovered. Disease mutations have been determined to be
not only a family-specific event with a distinct phenotype and the
potential of an additional diagnostic tool, but also, when expressed in
heterologous expression systems, characterize the defective ion
channel in a topological way and lead to a more specific understand-
ing of ion channel function. Most, if not all, primary electrical car-
diac disorders show a high level of genetic diversity. For the LQ-T
syndromes, sixth disease loci and the responsible gene have been
recently discovered (so-called locus or genetic heterogeneity). With-
in all disease genes, the mutations are spread over the entire gene
(allelic heterogeneity); in addition, more than 1 disease mutation
may be present. This complexity requires, at the least, complete
mutation analysis of all LQ-T genes before medical advice should be
given. In addition, genotype-phenotype correlations in large families
have been used to evaluate intergene, interfamilial, and intrafamilial
differences in the clinical phenotype, reflecting gene specific, gene-
site specific, and individual consequences of a given mutation. A
widespread phenotypic heterogeneity even within mutation carriers
in the same family illustrates the importance of modifying factors
and genes that are mostly unknown to date. The reduced penetrance
and variable expressivity associated with the LQ-T mutations
remains unexplained. First insights into the complex actions of
mutations are being extracted from expression data; these prelimi-
nary results may lead to potential implications for a specific (gene-
site directed) therapy. The referenced paper discusses data relevant
to molecular genetics and genotype-phenotype correlations in LQ-T
syndrome and related disorders and the potential implications for
diagnosis and treatment.

Molecular genetics of arrhythmias—A new paradigm. Schulze-Bahr E,
Haverkamp W, Borggrefe M, Wedekind H, Monnig G, Mergenthaler J, Ass-
mann G, Funke H, Breithardt G. Z Kardiol 2000; 89 Suppl 4, pp. IV12-22.

Long Q-T Syndrome (LQ-TS)
Dobutamine

Cellular/Molecular Mechanism of Action: Directly binds to
and activates 3; adrenergic receptor complexes.

Physiological Mechanism of Action: Dobutamine, to a lesser
degree than isoproterenol, increases sinus node automaticity. Con-
duction velocity through the A-V node is accelerated. Atrial and ven-
tricular impulse conductions are not influenced by dobutamine.
Dobutamine has a greater effect on myocardial contraction and ex-
erts relatively less pronounced chronotropic properties. In conditions
of prolonged Q-T intervals (Q-T syndrome), dobutamine shortens
the Q-T interval on EKG tracings.

Application: Low-dose dobutamine along with isoproterenol has
been applied for the diagnosis and evaluation of prolonged Q-T
intervals (Q-T syndrome or LQ-TS) associated with syncope and
abnormal TU complexes. Diagnostically, dobutamine can be helpful
in determining if syncope is due to a prolongation in Q-T intervals or
if episodes are precipitated by non-cardiac related abnormalities.
Route of Administration: Continuous intravenous infusion can
be implemented due to a brief plasma half-life of approximately T/,
= 2 minutes. Dobutamine cannot be effectively administered orally.
Dosage: Dobutamine (low dose 10 pg/kg/min). In domestic ani-
mals, dobutamine administration rates between 2.5 to 15 pg/kg/min
elevate myocardial contractility and cardiac output. In instances
where the administration rate exceeds 20 wg/kg/min, increases in
heart rate become much more pronounced.

Considerations: Dobutamine is rapidly metabolized by the liver
to an inactive glucuronic conjugate. In contrast to dopamine, dobuta-
mine does not promote renal vasculature vasodilation.
Interpretation and Analysis: When dobutamine is infused at a
rate of 10 pg/kg/min, the Q-T interval corrected for heart rate (Q-Tc)
is prolonged from 460 msec to 620 msec with the abnormal develop-
ment of TU complexes and torsades de pointes profiles. In contrast,
the Q-Tc does not appreciably change in normal unaffected patients
(n = 5) during low-dose dobutamine infusion. Low-dose dobuta-
mine, in addition to isoproterenol, may be useful for evaluating Q-T
interval prolongation and abnormal TU complexes when LQ-TS is a
consideration.

Diagnostically, dobutamine can be helpful in determining if syn-
cope in affected cases is due to a prolongation in Q-T intervals or if
episodes originate from non-cardiac related abnormalities.
Toxicity: Essentially the same as observed with isoproterenol
including arrythmias and should be avoided or used with care in con-
ditions of atrial fibrillation.

Induction of torsades de pointes by dobutamine infusion in a patient with
idiopathic long Q-T syndrome. Fujikawa H, Sato Y, Arakawa H, Mitsuhashi
T, Minezaki K, Kuroki S, Sekiguchi H, Nakayama T, Ikeda U, Shimada K.
Intern Med 1998 Feb; 37 (2), pp. 149-52.

Norepinephrine, Epinephrine, and the Sympathomimetic Smines. Weiner
N (Chapter 8: pp. 145-80). Goodman and Gilman’s The Pharmacological
Basis of Therapeutics, eds Gilman AG, Goodman LS, Rall TW, Murad F.
MacMillan Publishing Company, New York (7th edition: copyright 1985).

Long Q-T Syndrome (LQ-T1): Congenital/Silent
LQ-T1 Mutation Carriers
Epinephrine

Cellular/Molecular Mechanism of Action: Epinephrine is an
endenous neurotransmitter that functions as a positive adrenergic
agonist/sympathomimetic agent at o-adrenergic and [(3-adrenergic
postsynaptic receptor complexes.



Background Information: The LQ-T1 form of congenital long
Q-T syndrome is associated with a high vulnerability to sympathetic
stimulation and clinically presents with incomplete penetrance.
Application: Detection of silent LQ-T1 mutation carriers.
Route of Administration: Epinephrine (infusion).

Dosage: Epinephrine (0.1 pg/kg/min).

Implementation: Evaluation of the LQ-T1 form of congenital
long Q-T syndrome using epinephrine infusion. Electrocardiograph-
ic (12-lead) parameters are recorded before and after epinephrine
infusion.

Human Model: Congenital LQ-T1 (n = 19 mutation carriers

with a baseline corrected Q-T interval (Q-Tc) of = 460 msec
(Group I); n = 15 mutation carriers with a Q-Tc of < 460 msec
(Group II); n = 12 non-mutation carriers (Group III), and 15 con-
trols (Group IV).
Interpretation and Analysis: The mean corrected Q-Tend (Q-
Tce), Q-Tpeak (Q-Tcp), and Tpeak-end (Tcp-e) intervals among 12-
leads prior to epinephrine are significantly larger in Group I cases
than in other cases groups. Epinephrine significantly increases the
mean Q-Tce, Q-Tcp, and Tcp-e and the dispersion of Q-Tcp in
Groups I and II, but not in Groups III and IV. Sensitivity and speci-
ficity of Q-Tce measurements to identify mutation carriers is approx-
imately 59% (e.g. n = 20/34) and 100% (e.g. n = 27/27), respective-
ly, before epinephrine, and the sensitivity is substantially improved
to 91% (e.g. n = 31/34) without the expense of specificity (100%, or
n = 27/27) after epinephrine. The mean Q-Tce, Q-Tcp, and Tcp-e
before and after epinephrine is significantly larger in symptomatic
(e.g., n = 15) than in asymptomatic (e.g. n = 19) mutation carriers
in case Groups I and II, and the prolongation of the mean Q-Tce with
epinephrine is significantly larger in symptomatic cases. Epinephrine
challenge can function as a powerful test to establish electrocardio-
graphic diagnosis in silent LQ-T1 mutation carriers, thus allowing
implementation of prophylactic measures aimed at reducing sudden
cardiac death.

Epinephrine unmasks latent mutation carriers with LQ-T1 form of congenital
long Q-T syndrome. Shimizu W, Noda T, Takaki H, Kurita T, Nagaya N,
Satomi K, Suyama K, Aihara N, Kamakura S, Sunagawa K, Echigo S, Naka-
mura K, Ohe T, Towbin JA, Napolitano C, Priori SG. J Am Coll Cardiol 2003
Feb 19; 41 (4), pp. 633-42.

Long Q-T Syndrome/Ventricular Tachycardias/
Wolff-Parkinson-White Syndrome

Therapeutic Response/[Encainide]/[Flecainide]/
[Lidocaine]/[Lorcainide]

Cellular/Molecular Mechanism of Action: Flecainide sup-
presses fast sodium channels resulting in declines in Vmax and
action potential overshoot within the atria, ventricles, and Purkinje
fibers.

Physiological Mechanism of Action: Flecainide and the other
agents in this class of local anesthetics, including encainide and lor-
cainide, exert cellular membrane electrophysiological responses that
are distinctly different from those associated with lidocaine. A slow-
ing of conduction is most prominent within the His-Purkinje system
but there is minimal effect on action potential repolarization dura-
tion. On EKG tracings a noticeable widening of the QRS complex
can be appreciated.

Application: The local anesthetics encainide, flecainide, and lor-
cainide as a group possess advantages in inhibiting premature ven-
tricular contractions and potentially lethal ventricular tachycardias.
Encainide and flecainide have been applied in the conversion of
Wolff-Parkinson-White syndrome.
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Dosage: The estimated half-life of flecainide has not been exten-
sively studied, but in the few reports that have described these values
in humans reveal a T}/, between 7 and 24 hours.

Considerations: Similar to many local anesthetics (e.g., lido-
caine, encainide, lorcainide), flecainide is absorbed following oral
administration. Flecainide differs from most of these agents by the
fact that it is removed from the peripheral intravascular compartment
to a much lesser degree on first pass through the hepatic circulation.

Antiarrythmic Drugs. Bigger JT, Hoffman BF (Chapter 31: pp. 748-83).
Goodman and Gilman’s The Pharmacological Basis of Therapeutics, eds
Gilman AG, Goodman LS, Rall TW, Murad F. MacMillan Publishing Com-
pany, New York (7th edition: copyright 1985).

Purkinje Fiber Action Potential Duration/
(Bladder Contractions)
Potassium ATP Channel Opener/['*°1]A-312110

Cellular/Molecular Mechanism of Action: ['*’1]A-312110
or  [(9R)-9-(4-fluoro-3-'*iodophenyl)-2,3,5,9-tetrahydro-4H-pyra-
nol[3,4-b]thieno[2,3-e]pyridin-8(7H)-one-1,1-dioxide] functions as a
potassium ATP (KATP) channel opener in cardiac tissues.
Physiological Mechanism of Action: In the in vivo appli-
cation of ['*IJA-312110 or [(9R)-9-(4-fluoro-3-'*iodophenyl)-
2,3,5,9-tetrahydro-4H-pyrano[3,4-b]thieno[2,3-e]pyridin-8(7H)-
one-1,1-dioxide], can either suppress action potential duration
(APD) in Purkinje fibers and can relax electrical field-stimulated
bladder contractions.

Application: ['I]A-312110 or [(9R)-9-(4-fluoro-3-125iodo-
phenyl)-2,3,5,9-tetrahydro-4H-pyrano[3.,4-b]thieno[2,3-e]pyridin-8
(7H)-one-1,1-dioxide] can be applied for detecting and characteriz-
ing potassium ATP channels in addition to functioning as a potential
imaging agent for delineating the distribution and expression density
of potassium ATP channels. In this context, ['*1]A-312110 can be
used to delineate the molecular and functional properties of the
KATP channel complex and the identification of new channel block-
ers and openers that interact with cardiac/smooth muscle-type KATP
channels.

Route of Administration: ['*IJA-312110 (intravenous).
Considerations: Although ATP-sensitive K+ channels continue
to be explored for their therapeutic potential, developments in high-
affinity radioligands to investigate native and recombinant KATP
channels have been less forthcoming.

Interpretation and Analysis: The agent ['*’IJA-312110 binds
with high affinity to a single class of binding sites in guinea pig car-
diac membranes (KD = 5.8 nM) and urinary bladder membranes
(KD = 4.9 nM) in a saturable manner. Displacement of ['*T]1A-
312110 by structurally diverse potassium channel openers (KCOs)
indicates a similar rank order of potency in both guinea pig cardiac
and bladder membranes (Ki, heart): A-312110 (4.3 nM) > N-cyano-
N’-(1,1-dimethylpropyl)-N"’-3-pyridylguanidine (P1075) > (-)-N-
(2-ethoxyphenyl)-N'-(1,2,3-trimethylpropyl)-2-nitroethene-1,1-dia-
mine (Bay X 9228) > pinacidil > (-)-cromakalim > N-(4-
benzoyl  phenyl)-3,3,3-trifluro-2-hydroxy-2-methylpropionamine
(ZD6169) >9-(3-cyanophenyl)-3,4,6,7,9,10-hexahydro-1,8-(2H,5H)
-acridinedione (ZM?244085) >> diazoxide (16.7 uM). Displace-
ment by KATP channel blockers, the sulfonylurea glyburide, and
the cyanoguanidine N-[1-(3-chlorophenyl)cyclobutyl]-N’-cyano-
N'’-3-pyridinyl-guanidine (PNU-99963) are biphasic in the heart but
monophasic in the bladder with about a 100- to 500-fold difference
in Ki values between high- and low-affinity sites. Good correlations
exist between cardiac or bladder-binding affinities of potassium
channel openers with functional activation as assessed by their
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respective potencies to either suppress APD in Purkinje fibers or to
relax electrical field-stimulated bladder contractions. Collectively,
these results demonstrate that ['*>IJA-312110 binds with high affini-
ty and has an improved activity profile compared with other radiola-
beled potassium channel opener agents. ['*’[]JA-312110 is a useful
tool for investigating the molecular and functional properties of the
KATP channel complex and for the identification, in a high through-
put manner, of both novel channel blockers and openers that interact
with cardiac/smooth muscle-type KATP channels.

['*1]A-312110, a novel high-affinity 1,4-dihydropyridine ATP-sensitive K+
channel opener: Characterization and pharmacology of binding. Davis-Taber
R, Molinari EJ, Altenbach RJ, Whiteaker KL, Shieh CC, Rotert G, Buckner
SA, Malysz J, Milicic I, McDermott JS, Gintant GA, Coghlan MJ, Carroll
WA, Scott VE, Gopalakrishnan M. Mol Pharmacol 2003 Jul; 64 (1), pp.
143-53.

Sick Sinus Syndrome: Sinus Node and S-A Node
Function
Atropine/Neostigmine/Isoprenaline (Isoproterenol)

Cellular/Molecular Mechanism of Action:

Atropine: Binds to muscarinic cholinertic receptor complexes
in a manner that competitively inhibits the biological activity of
acetylcholine.

Neostigmine (Quaterinary Amine): Reversibly binds to
and biochemically inactivates acetylcholine esterase in a manner that
promotes the postsynaptic accumulation of acetylcholine neurotrans-
mitter. The carbamyl ester configuation of neostigmine is hydrolyzed
by acetylcholine esterase. Under physiological conditions, neostig-
mine becomes highly cationic in character and this feature encour-
ages its direct interaction with the biochemically active site of
acetylcholine esterase. In this manner, neostigmine functions as a
competitive substrate resulting in disruption of the hydroxyl serine
group of acetylcholine and covalent bonding of neostigmine through
the formation of a reversible carbamate bond structure.

Isoproterenol: Binds to and positively activates both 3, and
(3, adrenergic receptor complexes.

Physiological Mechanism of Action:

Atropine: Suppresses the function of exocrine gland secre-
tion, smooth muscle, and cardiac muscle. Postganglionic choliner-
gic stimulation is also depressed in function. The primary influence
of atropine on the heart is a transient negative chronotropic effect
with mid-range doses presumably due to increased central vagal
tone just before the occurance of peripheral muscarinic cholinergic
blockage. Changes in heart rate are usually minor and not accom-
panied by changes in peripheral blood pressure or cardiac output.
Incremental increases in dose subsequently produce proportional
increases in heart rate achieved through inhibition of vagal tone
influences on the S-A node pacemaker. Maximal heart rate during
strenuous exercise is not altered. Neonates and geriatric patients can
often be refractory to the effect of atropine on heart rate. Although
atropine can cause cardiac arrythmias (e.g., atrial arrhythmias and
ventricular dissociation), it often does so without causing cardiovas-
cular symptoms.

The vascular effects of atropine when administered alone are not
profound, which is in part due to the belief that vascular beds are not
extensively innervated by cholinergic axons. Furthermore, choliner-
gic sympathetic vasodilatory axons synapsing on vessels with skele-
tal muscle tissues seem not to be important in maintaining normal
vascular tone.

Neostigmine: Interaction of neostigmine with the biochemi-
cally active site of acetylcholine esterase competitively inhibits the
ability of this enzyme to hydrolyze acetylcholine neurotransmitter.

As a result, acetylcholine begins to accumulate, resulting in exces-
sive stimulation of postsynaptic membrane acetylcholine receptor
complexes. The impact of acetylcholine esterase inhibition includes
activation of muscarinic receptors expressed by autonomic respon-
sive tissues; activation of autonomic ganglia; activation of nicotinic
skeletal muscle; and stimulation of cholinergic receptors within the
central nervous system (CNS) if they are able to pass across the
blood-brain barrier. Both autonomic ganglia and skeletal muscle
receptors can become over-stimulated to the point of paralysis or
depressed function.

Neostigmine impact on cardiac function involves ganglionic and
postganglionic interactions. Elevations in peripheral acetylcholine
concentrations primarily have the effect of slowing the heart rate, in
contrast to blood pressure changes that only become altered at rela-
tively higher dosages since this is due to greater CNS penetration of
neostigmine. The cardiac refractive period becomes shorter due to
neostigmine’s influence, resulting in a lengthening of the refractory
period and prolonged conduction.

At the level of the vasculature, neostigmine promotes vasodila-
tion. Interesingly, the opposite vasoactive response is observed in
coronary and pulmonary vascular structures. Hypotension is not a
profound feature, though, because ganglionic acetylcholine first acti-
vates but then exerts a suppressive effect at higher dosages. The stim-
ulatory effect on parasympathetic ganglia enhances decreases in car-
diac output, in contrast to the influence of elevated acetylcholine
levels on sympathetic ganglia and cardiac output. The influence of
acetylecholine on medullary vasomotor and cardiac brainstem cen-
ters is initially excitatory and subsequently diminished stimulation.
Furthermore, increases in secondary sympathetic tone are comple-
mented by acetylcholine-mediated adrenal medulla epinephrine
release. An appreciation of these concepts is therefore responsible for
the wide spectrum of cardiovascular responses observed in response
to neostigmine administration and related anticholinesterase pharma-
ceuticals.

Since neostigmine is a quaterinary ammonium compound, it is
poorly absorbed from the gastrointestinal tract and almost none of
the compound penetrates across the CNS blood-brain barrier. Conse-
quently, neostigmine is active primarily at skeletal muscle neuro-
muscular junctions and functions both as an anticholinergic agent
and as a direct acting agonist. Other important sites of action include
the eye and gastrointestinal tract when administered at clinically rel-
evant dosages.

Isoprenaline (Isoproterenol): Due to relatively minimal
influence on a-adrenergic receptor complexes, changes in cardiac
function, bronchial smooth muscle, skeletal muscle vasculature, and
the gastrointestinal tract are the primary organ systems influenced by
the physiological properties exerted by isoproterenol. . . Cardiovas-
cular influences of isoproterenol include diminished peripheral vas-
cular resistance, especially within vascular networks perfusing mus-
culoskeletal structures. The increases in heart rate and contractility
induced by isoproterenol promote declines in diastolic pressure and
elevations in cardiac output sufficient to maintain or elevate systolic
pressures (mean blood pressure is lowered).

Application: Characterization of sick sinus syndrome.

Route of Administration: Isoprenaline, atropine, and neostig-
mine can be injected intravenously. Neostigmine is poorly absorbed
from the gastrointestinal tract since it is a quaterinary ammonium
compound.

Considerations: Atropine can be applied in the conversion of
parasympathetic (cholinergic) mediated atrial block arrythmias.
Implementation: Evaluation of sick sinus syndrome conditions
using various physical (postural reflex tests, Valsalva maneuver, ca-
rotid sinus massage), pharmacological challenges (intravenous iso-



prenaline, atropine, neostigmine, and total autonomic blockade), and
electrophysiological tests in order to identify simple non-invasive
markers of intrinsic sick sinus syndrome.

Human Model: Cases of sick sinus syndrome (n = 13).
Interpretation and Analysis: Following autonomic blockade,
nearly 50% of cases may develop a normal heart rate (e.g., n =
6/13), while slightly greater than 50% (e.g., n = 7/13) may have an
abnormal intrinsic heart rate. Electrophysiological testing can reveal
abnormal sinus node parameters in approximately two-thirds of cases
in the basal state (e.g., n = 8/13), and 85% (e.g., n = 11/13) after
autonomic blockade. Carotid sinus massage is abnormal in most
cases with an abnormal intrinsic heart rate (e.g., n = 13/13, 100%),
compared to 33% of cases with a normal intrinsic heart rate (e.g., n
= 2/6 and p < 0.05). The heart rate response to isoprenaline (iso-
proterenol) is abnormal in approximately 83% of cases (e.g., n =
5/6) with normal as compared to only about 14% (e.g., n = 1/7) with
abnormal intrinsic heart rate. Isoprenaline (isoproterenol) yields a
significantly (p < 0.05) higher increase in heart rate in conditions
with abnormal as compared to those with normal intrinsic heart rate.
Other physical and drug tests appear not to be helpful for the pur-
pose of differentiating between intrinsic and extrinsic mechanisms.
Thus, carotid sinus massage and, to some extent, isoprenaline (iso-
proterenol) administration appear to be simple bedside tests that may
be helpful in identifying the underlying mechanism of sick sinus
syndrome.

Instrumentation: Electrocardiogram diagnostic system (EKG).

Anticholinesterase Agents. Taylor P (Chapter 6: pp. 113-29). Goodman and
Gilman’s The Pharmacological Basis of Therapeutics, eds Gilman AG, Good-
man LS, Rall TW, Murad F. MacMillan Publishing Company, New York (7th
edition: copyright 1985).

Atropine, Scopolamine, and Related Anti-Muscarinic Drugs. Weiner N
(Chapter 7: pp. 130-44) Goodman and Gilman’s The Pharmacological Basis
of Therapeutics, eds Gilman AG, Goodman LS, Rall TW, Murad F. MacMil-
lan Publishing Company, New York (7th edition: copyright 1985).

Norepinephrine, Epinephrine, and the Sympathomimetic Amines. Weiner
N (Chapter 8: pp. 145-80). Goodman and Gilman’s The Pharmacological
Basis of Therapeutics, eds Gilman AG, Goodman LS, Rall TW, Murad F.
MacMillan Publishing Company, New York (7th edition: copyright 1985).

Value of physical and pharmacological tests in predicting intrinsic and
extrinsic sick sinus syndrome. Bhandari S, Talwar KK, Kaul U, Bhatia ML.
Int J Cardiol 1986 Aug; 12 (2), pp. 203—12.

Sinus Node Disease: Case Report
Flecainide Acetate

Cellular/Molecular Mechanism of Action: Flecainide exerts
a suppressive effect on fast sodium channels.

Physiological Mechanism of Action: Flecainide promotes a
decrease in the Vmax and and “overshoot” of the action potentials
within the atrial, ventricles, and Purkinje fibers, thereby slowing
conduction velocities within these cardiac structures.

Application: Flecaininde is used as a Class IC antiarrhythmic
agent.

Route of Administration: Flecainide (intravascular injection).
Interpretation and Analysis: There can be dramatic increases
in sinus node recovery times and in sinoatrial conduction times, and
the magnitude of the response can only be witnessed because of the
emergence of a subsidiary junctional pacemaker without retrograde
conduction to the atria.

Response of an abnormal sinus node to intravenous flecainide acetate.
Hellestrand KJ, Nathan AW, Bexton RS, Camm AlJ. Pacing Clin Electrophys-
iol 1984 May; 7 (3 Pt 1), pp. 436-9.
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T Wave Alternans/Coronary Artery Disease/
Ventricular Arrhythmias: Life-Threatening
Risk Stratification

Esmolol

Physiological Mechanism of Action: Esmolol promotes sym-
pathetic blockade, while atropine exerts parasympathetic blockade.
Background Information: T wave alternans (TWA) is an
important non-invasive measure of ventricular arrhythmia vulnera-
bility.

Implementation: Evaluation of the influence of the autonomc
nervous system on T wave alternans (TWA) measurements in high-
risk conditions of coronary artery disease, left ventricular dysfunc-
tion, and inducible sustained ventricular tachycardia during electro-
physiological studies. Parameters for TWA are measured at baseline
with atrial pacing at 100 bpm (600 msec), 109 bpm (550 msec), and
120 bpm (500 msec). After a 10-minute recovery period, TWA is
measured again after sympathetic blockade (esmolol, n = 20),
parasympathetic blockade (atropine, n = 20), or no intervention
(control subjects, n = 20).

Human Model: Coronary artery disease (n = 60 cases).
Interpretation and Analysis: The prevalence of significant
TWA is unchanged compared with baseline profiles after atropine
infusion and in controls. Conversely, the amplitude of TWA in the
vector magnitude lead is significantly reduced after esmolol infusion
(p < 0.001), and the number of positive TWA tests is reduced by
50% (70 vs 35%, p < 0.05). Such observations have important
implications for the administration of TWA to risk-stratify cases for
life-threatening ventricular arrhythmias and provide a new potential
mechanism for the reduction in sudden cardiac death conferred by
beta-blockers among cases with coronary artery disease and conges-
tive heart failure.

Effects of selective autonomic blockade on T wave alternans in humans.
Rashba EJ, Cooklin M, MacMurdy K, Kavesh N, Kirk M, Sarang S, Peters
RW, Shorofsky SR, Gold MR. Circulation 2002 Feb 19; 105 (7), pp. 837-42.

T Wave Lability (Non-Alternating)/Genotype
LQ-T1, LQ-T2, and LQ-T3
Phenylephrine/Dobutamine

Cellular/Molecular Mechanism of Action: Phenylephrine
and dobutamine function as catecholamine neurotransmitter ago-
nists.
Application: Electropharmacology challenge tests with phenyle-
phrine and dobutamine for identifying alterations in repolarization
lability in conditions with genotyped long Q-T syndrome (LQ-TS).
Quantification of such phenomenon may assist in identifying LQ-TS
cases with an increased risk of sudden cardiac death.
Route of Administration: Intravenous injection.
Implementation: Determination of the effects of phenylephrine
and dobutamine on repolarization lability in cases with genotyped
long Q-T syndrome (LQ-TS). Electrocardiographic stress testing
involving aperiodic repolarization lability can be quantified from
digitized electrocardiograms recorded during catecholamine chal-
lenge with phenylephrine and dobutamine. T wave lability is quanti-
fied as a root-mean-square of the differences between corresponding
signal values of subsequent beats. The magnitude of aperiodic T
wave lability is quantified by using a newly derived T wave lability
index (TWLI).

Human Model: Cases with the genotyped LQ-TS (n = 23
total; n = 13 LQ-T1; n = 7 LQ-T2; n = 3 LQ-T3; n = 16 reference
controls).
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Interpretation and Analysis: The TWLI is significantly greater
in LQ-TS genotypes relative to controls (0.0945 = 0.0517 vs 0.0445
=+ 0.0123; p < 0.003). Marked T wave lability (TWLI = 0.095) may
be detected in all 3 LQ-TS genotypes (e.g. n = 10/23) but not in ref-
erence controls (p < 0.003). There is no correlation between TWLI
and baseline corrected Q-T interval. High-risk cases that have either
a history of out-of-hospital cardiac arrest or syncope almost invari-
ably have a TWLI of 0.095 or greater. Beat-to-beat non-alternating
T wave lability occurs in conditions of LQ-T1, LQ-T2, and LQ-T3
during catecholamine provocation and is associated with a history of
prior cardiac events. Quantification of this novel phenomenon may
assist in identifying LQ-TS cases with an increased risk of sudden
cardiac death.

Instrumentation: Electrocardiography system.

Catecholamine-induced T wave lability in congenital long Q-T syndrome: A
novel phenomenon associated with syncope and cardiac arrest. Nemec J,
Hejlik JB, Shen WK, Ackerman MJ. Mayo Clin Proc 2003 Jan; 78 (1),
pp- 40-50.

Tachycardia: Inappropriate Sinus Tachycardia (IST)
Adenosine

Physiological Mechanism of Action: Adenosine exerts a neg-
ative chronotropic effect on the heart.

Background Information: Adenosine is an endogenous nucle-
oside that has an important role in the diagnosis and treatment of
several cardiac arrhythmias. However, its effects on IST have not
been well established.

Application: Potential diagnostic agent for detecting and charac-
terizing IST.

Dosage: Adenosine (0.1 to 0.15 mg/kg).

Implementation: Determine the response to intravenous adeno-
sine (0.1 to 0.15 mg/kg) and evaluate its direct effect during pharma-
cologic B-adrenergic and cholinergic blockade. Atrial cycle length
(ACL) is measured before adenosine injection, at the time of the
greatest cycle length prolongation, and during the maximum re-
bound acceleration of heart rate.

Human Model: Cases (n = 18, age 46 * 15 years) given

adenosine alone, compared to cases (n = 5) to determine the direct
effects of adenosine during pharmacologic 3-adrenergic and cholin-
ergic blockade. Reference controls (n = 18, age 46 = 11 years) with
normal sinus rhythm undergoing clinically indicated electrophysio-
logic study.
Interpretation and Analysis: Adenosine does not terminate
IST in the vast majority of cases. The maximum dose of adenosine
prolongs the sinus interval significantly, from 780 * 128 msec to
985 = 225 msec (p < 0.001) in the control subjects. Conversely,
adenosine causes no significant lengthening of atrial cycle length
(527 = 69 msec vs 590 £ 148 msec; p = ns) in the patients with IST.
Similar differences in the response to adenosine can be appreciated
during the pharmacologic autonomic blockade. Reflex increase of
the sinus rate (rebound effect) is greater in control subjects than in
IST cases (21.2% * 9.7 vs 8.5% = 8.8%; p < 0.001). The usual neg-
ative chronotropic effect of adenosine is impaired in IST cases. This
may have important diagnostic implications and provide new insight
into the mechanism(s) of IST.

Impaired negative chronotropic response to adenosine in patients with inap-
propriate sinus tachycardia. Still AM, Huikuri HV, Airaksinen KE, Koistinen
M]J, Kettunen R, Hartikainen J, Mitrani RD, Castellanos A, Myerburg RJ,
Raatikainen MJ. J Cardiovasc Electrophysiol 2002 Jun; 13 (6), pp. 557-62.

Tachycardia: Regular Broad Complex Type/
Atrioventricular Function in Wolff-Parkinson-
White Syndrome (Accessory Atrioventricular
Connections)

Adenosine/Adinosine Triphosphate/Propanolol (1V)
Reversal

Cellular/Molecular Mechanism of Action:

Adenosine: Shortens antegrade refractoriness of accessory
A-V connections, and in some patients this action is mediated by
B-adrenergic stimulation. Adenosine may cause acceleration of pre-
excited atrial arrhythmias, but these effects are transient and should
not discourage the use of adenosine as a diagnostic agent in broad
complex, regular tachycardias of uncertain origin.

Propanolol: Binds to and blocks sympathetic/B-adrenergic
receptor complexes.

Physiological Mechanism of Action:

Adenosine: shortens antegrade refractoriness of accessory
A-V connections, and in some cases this action is mediated by (3-
adrenergic stimulation. Adenosine may cause acceleration of pre-
excited atrial arrhythmias, but these effects are transient and should
not discourage the use of adenosine as a diagnostic agent in broad
complex, regular tachycardias of uncertain origin.

Propanolol: In the atria, propanolol inhibits spontaneous fre-
quency, maximal driving frequency, and contractility but increases
the electrical threshold and A-V conduction time. Spontaneous depo-
larization rate of ectopic pacemakers is decreased but resting poten-
tials and repolarization are minimally altered since propanolol
reduces intracellular sodium currents, resulting in decreases in the
height and rate of action potential elevations.

In the normal heart at rest, propanolol has less of an effect in con-
trast to a heart subjected to elevations in adrenergic tone as occurs in
certain heart conditions and exercise. The most obvious effect of 3-
adrenergic blockade on cardiac physiology is a negative chronotrop-
ic effect, declines in cardiac output, increased duration of systole,
and subtle declines in blood pressure at rest. Sodium secretion influ-
ences [3-adrenergic blockade properties exerted by propanolol; in
this context, in situations where there are elevations in sodium reten-
tion and extracellular fluid volume, especially in conditions of car-
diac dysfunction.

Route of Administration: Adenosine and propanolol (intra-
venous).

Dosage: Adenosine (12 mg, rapid bolus) and propranolol (0.2
mg/kg).

Considerations: Several groups of clinicians have suggested the
use of intravenous adenosine or adenosine triphosphate for the diag-
nosis of regular broad complex tachycardias. However, the short half-
life of these agents has precluded assessment of their effects on refrac-
toriness of accessory connections, and their safety in pre-excited
arrhythmias has not been demonstrated.

Implementation: Evaluation of the effects of intravenous
adenosine on accessory atrioventricular (A-V) connections in Wolft-
Parkinson-White syndrome.

Human Model: Cases of accessory atrioventricular (A-V)
connections in Wolff-Parkinson-White syndrome (n = 30).
Interpretation and Analysis: Adenosine administration (n =
14) during continuous atrial pacing at a cycle length 20 msec below
that required to cause 2:1 conduction block in the accessory connec-
tion (mean pacing cycle length 261 * 41 msec) creates a transient
1:1 conduction (n = 12/14) via the accessory connection (shortening



of antegrade refractoriness). Such effects can be abolished (n = 3/7
of affected subjects) following intravenous propranolol (0.2 mg/kg).
Adenosine administration in conditions of Wolff-Parkinson-White
syndrome (n = 19 during induced, pre-excited atrial arrhythmias)
results in observed minimum RR interval during pre-excited atrial
fibrillation that subsequently transiently decreases (252 * 44 msec
to 224 * 35 msec, p < 0.01) after adenosine, but no change in aver-
age RR interval can be observed (360 = 59 msec to 357 = 60 msec,
ns). The pre-excited ventricular response to atrial flutter is transient-
ly accelerated (n = 5/8: 415 = 21 msec to 360 * 49 msec, p < 0.05)
due to shortening of flutter cycle length (207 = 10 msec to 180 * 24
msec, p < 0.05). However, 2:1 accessory connection conduction is
maintained (n = 8/8). All effects are short lived, with the decrease in
RR interval during atrial fibrillation ocurring for a maximum of 2 RR
intervals only. Ventricular arrhythmias or hemodynamic deteriora-
tion are usually not appreciated.

Toxicity: Increased sodium retention in conditions of pre-existing
severe cardiac disease.

Effects of intravenous adenosine on antegrade refractoriness of accessory
atrioventricular connections. Garratt CJ, Griffith MJ, O’Nunain S, Ward DE,
Camm AJ. Circulation 1991 Nov; 84 (5), pp. 1962-8.

Tachycardia: Regular Narrow Complex (Unknown
Origin)/Sinus Node Reentrant Tachycardia
Adenosine

Cellular/Molecular Mechanism of Action: A minimum of 2
adenosine receptors exist based on their response to adenosine
analogs and whether activation increases or decreases cAMP pro-
duction.

Physiological Mechanism of Action: Adenosine shortens
antegrade refractoriness of accessory A-V connections, and in some
cases this action is mediated by 3-adrenergic stimulation. Adenosine
may cause acceleration of pre-excited atrial arrhythmias, but these
effects are transient and should not discourage the use of adenosine
as a diagnostic agent in broad complex, regular tachycardias of
uncertain origin.

Application: Sinus node reentrant tachycardia.

Route of Administration: Intravenous bolus of 0.1 mg/kg and
0.15 mg/kg.

Dosage: Adenosine (0.1 mg/kg and 0.15 mg/kg).
Considerations: Its effects are usually transient owing to its
extremely short plasma half-life and, as a consequence, it is thought
to be safer than other drugs used in the acute treatment of such
arrhythmias. However, adenosine may created a proarrhythmic effect
when administered in attempts to confirm a diagnosis of atrial flutter.
Interpretation and Analysis: For narrow complexes, as expect-
ed, a transient increase in atrioventricular block can be seen, but this
is followed by a doubling of the ventricular rate and hemodynamic
compromise requiring immediate DC cardioversion. It is postulated
that the secondary catecholamine-mediated effects of adenosine are
responsible for this phenomenon.

Adenosine may slow the atrial rate and actually terminate tachy-
cardia profiles. These effects of adenosine on sinus node reentrant
tachycardia suggest that sinus nodal tissue (as opposed to perinodal
atrial tissue) is involved in the tachycardia circuit and that these
effects should be considered when adenosine is used as a diagnostic
agent in narrow complex tachycardia.

Instrumentation: Electrocardiogram.

The effects of adenosine on sinus node reentrant tachycardia. Griffith MJ,
Garratt CJ, Ward DE, Camm AJ. Clin Cardiol 1989 Jul; 12 (7), pp. 409-11.
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Tachycardia: Ventricular Dysrhythmias/
Differentiation

Therapeutic Response: [Adenosine]/[Magnesium
Sulfate]/[Lidocaine]/[Procainamide]

Physiological Mechanism of Action: Adenosine shortens
antegrade refractoriness of accessory A-V connections, and in some
conditions this action is mediated by (3-adrenergic stimulation.
Adenosine may cause acceleration of pre-excited atrial arrhythmias,
but these effects are transient and should not discourage the use of
adenosine as a diagnostic agent in broad complex, regular tachycar-
dias of uncertain origin.

Background Information: Wide complex tachycardias present
diagnostic challenges for emergency physicians. The history, physi-
cal examination, and ECG provide information required to arrive at a
correct diagnosis. When a previous history of heart disease exists,
VT should be suspected; however, no single clinical feature is suffi-
ciently reliable for distinguishing VT from SVT.

Application: Conditions of ventricular tachycardia (dysrhythmia
differentiation).

Considerations: Reports of complications with the use of
adenosine as a diagnostic agent have not yet been recognized, but
may occur after sufficient numbers of cases have accumulated. Mag-
nesium sulfate may be useful in refractory cases of VT and torsades
de pointes. Chronic treatment of patients prone to VT may include
complex pharmacotherapy and AICDs.

Implementation: Cases with VT may tolerate their dysrhyth-
mias for several hours and maintain hemodynamic stability. ECG
analysis is the most useful process in differentiating SVT and VT.
Characteristics suggestive of VT include evidence of A-V dissocia-
tion, QRS duration of longer than 0.16 seconds, and QRS axis
between —90 degrees = 180 degrees. Predictive QRS morphologic
criteria also have been established for VT. A 4-step approach to ECG
analysis has been reported to accurately identify cases with VT, but
prospective validation in an ED setting is lacking. The initial
approach to treating patients with wide QRS tachycardias depends
on hemodynamic stability. Until the identity of a dysrhythmia is cer-
tain, consider all cases to be suffering from VT. Unstable conditions
require immediate cardioversion. Acute treatment of stable cases
includes lidocaine or procainamide. Adenosine is appropriate when
wide QRS SVT is the diagnosis, and it also has been used as a diag-
nostic aid to identify dysrhythmias.

Interpretation and Analysis: Development of new class III
agents and enhancement of AICD technology may result in im-
proved patient outcomes and the availability of more choices for
emergent therapy of wide QRS tachycardias.

Instrumentation: Electrocardiogram.

Wide complex tachycardia. Delbridge TR, Yealy DM. Emerg Med Clin North
Am 1995 Nov; 13 (4), pp. 903-24.

Torsade de Pointes (TdP)/U Wave to T Wave
Amplitude (UTA) Ratio Identification
Electrocardiographic Index for Predicting
Torsade de Pointes

Calmodulin Inhibitor (W7)

Cellular/Molecular Mechanism of Action: The agent W7
inhibits the biological function of calmodulin.

Application: Selective suppression of TdP inducibility by W7,
without shortening the duration of cardiac repolarization, allows
identification of the UTA ratio, an electrocardiographic index for
predicting TdP onset.
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Implementation: Analysis of ECGs acquired from a well-char-
acterized animal model of TdP to identify more reliable predictors of
life-threatening ventricular arrhythmia.

Animal Model: Rabbit (n = 14; n = 12 TdP induced with
methoxamine and clofilium pretreated with vehicle control).
Interpretation and Analysis: Methoxamine and clofilium can
induce TdP in rabbits pretreated with vehicle control (n = 12/14).
Pretreatment with W7 (50 wM/kg), an inhibitor of the intracellular
Ca”*-binding protein calmodulin, significantly suppresses TdP in-
duction (n = 1/11 with TdP, p < 0.001). W7 does not affect heart
rate, increases in Q-T intervals, or dispersion compared with meas-
urements in vehicle-treated controls. However, a progressive and sig-
nificant increase in the ratio of UTA occurs before TdP onset in con-
trol animals, and this can be prevented by W7.

The calmodulin inhibitor W7 suppresses TdP without shortening
the Q-T interval, which is consistent with other findings that Q-T
prolongation, per se, is insufficient to generate TdP. Selective sup-
pression of TdP inducibility by W7, without shortening the duration
of cardiac repolarization, allows identification of the UTA ratio as a
new electrocardiographic index for predicting TdP onset. These find-
ings are consistent with the idea that prolonged repolarization is not
the proximate cause of arrhythmia initiation, and they suggest that an
increased UTA ratio reflects activation of intracellular Ca®*/calmod-
ulin-dependent processes that are required for triggering TdP in this
model.

Calmodulin inhibitor W7 unmasks a novel electrocardiographic parameter
that predicts initiation of torsade de pointes. Gbadebo TD, Trimble RW, Khoo
MS, Temple J, Roden DM, Anderson ME. Circulation 2002 Feb 12; 105 (6),
pp. 770-4.

Ventricular Arrythmias
Lidocaine

Cellular/Molecular Mechanism of Action: Inhibits mem-
brane-associated Na*/K™ pump activity. Cells within the ventricular
Purkinje system are relatively more sensitive to the inhibition of
membrane-associated Na*/K™ pump activity compared to cells
within the epicardium and myocardium. Influence of lidocaine on
atrial membrane action potentials is minimal to non-existent.
Diagnostic Application: Lidocaine is utilized for the correction
of arrythmias originating from biochemical and/or organic lesions
residing within the ventricular myocardium. Examples include pre-
mature ventricular contractions, ventricular fibrillation, and ventricu-
lar tachycardia.

Route of Administration and Dosage: Intravenous infusion
is the only preferred administration route for lidocaine when applied
for the purpose of correcting ventricular arrhythmias. Lidocaine
must be administered by continuous infusion due to the very high
rate of “first-pass” extraction following perfusion through the hepat-
ic sinousoid network.

Considerations: Lidocaine is ineffective for the correction of
arrythmias originating from within the atrial myocardium.
Interpretation and Analysis: Correction (cardioconversion) of
the ventricular arrhythmia based upon interpretation of ECG analy-
sis. Although constant lidocaine infusion may correct a ventricular
arrhythmia, this effect may be temporary and the abnormality may
subsequently return in the absence of the pharmaceutical. Such
occurrences are common in situations where a permanent organic
lesion resides within the ventricular myocardium that is responsible
for generation of the arrhythmia condition.

CELL PHYSIOLOGY

Endothelial Adhesion/Platelet Interactions/[Retinal
Microvascular Pathology]

Platelets (Fluorescent Labeled)/Carboxyfluorescein
Diacetate Succinimidyl Ester

Cellular/Molecular Mechanism of Action: Carboxyfluores-
cein diacetate succinimidyl ester interacts with light and functions
as a fluorescent marker molecule suitable for “tracing” the in vivo
migration of different cell types.
Application: Visualization of in vivo platelet behavior within the
retinal microcirculation. The methodology allows for quantitative
evaluation of platelet dynamics and platelet-endothelial interactions
in pathologic conditions affecting the retina.
Route of Administration: Intravascular.
Considerations: Represents the development of a new method
for evaluating the in vivo dynamics of platelets within the retinal
microcirculation and the quantitative investigation of platelet-
endothelial interactions.
Implementation: Isolated platelet samples are labeled with car-
boxyfluorescein diacetate succinimidyl ester. After intravenous
administration, platelet behavior in the retinal microcirculation can
be evaluated with a scanning laser ophthalmoscope. Images are re-
corded on S-VHS videotape and analyzed with a computer-assisted
image analysis system. Platelet-endothelial interactions in the re-
tinal microcirculation can also be investigated employing lipo-
polysaccharide-stimulated endothelium or platelets activated with
thrombin.

Animal Model: Rat (retina).
Interpretation and Analysis: Fluorescent platelets are recog-
nized as distinct dots within the retinal microcirculation that can be
traced frame by frame. The velocity of platelets in the retinal arter-
ies, capillaries, and veins is approximately 26.1 * 6.4, 1.6 = 0.4,
and 19.9 = 8.2 mm/sec, respectively. In control rats, even activated
platelets show minimal interaction with retinal endothelial cells.
Conversely, stimulated retinal endothelium show active platelet-
endothelial interactions, with many platelets observed rolling and
adhering along the major retinal veins. The interactions between
platelets and stimulated endothelial cells are substantially inhibited
with the injection of P-selectin monoclonal antibody.

In vivo evaluation of platelet-endothelial interactions in retinal microcircula-
tion of rats. Tsujikawa A, Kiryu J, Nonaka A, Yamashiro K, Nishiwaki H,
Tojo SJ, Ogura Y, Honda Y. Invest Ophthalmol Vis Sci 1999 Nov; 40 (12),
pp. 2918-24.

Endothelial Adhesion/Cellular Interactions:
Colon Carcinoma/Intravital Observation

of Cancer Cell/Microcirculation Interactions
CalceinAM

Background Information: Organ-specific tumor cell adhesion
within the microcirculation of host organs is an important step with-
in the metastatic cascade. Circulating tumor cells have to adhere
within the microcirculatory vessels, quickly stabilize their adhesion
to endothelial surfaces, and then probably need to leave the circula-
tion to avoid the toxic effects of hydrodynamic shear forces of circu-
lating blood.

Application: Intravital observation of colon carcinoma cell adhe-
sion within the hepatic microcirculation.



Implementation: CalceinAM can be used to label colon carci-
noma cell populations (e.g., HT-29 [human] and CC531 [rat]) that
are then injected intra-arterially as single-cell suspensions. Intravital
fluorescence microscopy is then applied to detect adhesive interac-
tions between circulating tumor cells and endothelial surfaces within
the hepatic microcirculation. These interactions are then analyzed
regarding their time course and site localization within the vascular
tree.

Animal Model: Rats (Sprague-Dawley).
Interpretation and Analysis: Autofluorescence of liver par-
enchyma is sufficient to facilitate distinction of hepatic sinusoids.
Intravital microscopy is capable of differentiating early events in
adhesion formation within hepatic sinusoids, adhesion stabilization,
and extravasation of the tumor cells into the liver parenchyma.
Tumor cell adhesion occurs almost exclusively within sinusoidal
capillaries; however, the diameter of these vessels is usually larger
than that of the tumor cells leaving remaining perfused lumen of the
capillaries. Colon carcinoma cells rapidly migrated into the liver
parenchyma after successful adhesion within the sinusoids. In con-
trast to common endpoint assays of the metastatic cascade, this in
vivo model allows the investigation of metastatic colon carcinoma
cell adhesion within the liver microcirculation as specific steps dur-
ing the formation of hematogenous metastasis and their underlying
mechanisms.
Instrumentation: Intravital fluorescence microscopy.

An intravital model to monitor steps of metastatic tumor cell adhesion within
the hepatic microcirculation. Haier J, Korb T, Hotz B, Spiegel HU, Senninger
N. J Gastrointest Surg 2003 May—Jun; 7 (4), pp. 507-14; discussion 514-5.

Endothelial Integrity/Endothelial Injury and
Viability
Evans Blue Dye Staining

Cellular/Molecular Mechanism of Action: Evans blue dye is
a pigment-based reagent that becomes differentially associated with
viable vs compromised cell populations (e.g., vascular endothelium).
Physiological Mechanism of Action: Tumor necrosis factor-
alpha (TNF-a) soluble receptor (TNFsr) has been shown in vitro and
in vivo to neutralize TNF-mediated biological activity.
Background Information: Tumor necrosis factor-a is ex-
pressed locally in arteries at sites of balloon injury. In vitro studies
have shown that TNF inhibits cell cycle progression and induces
apoptosis in endothelial cells. Accordingly, we performed a series
of experiments to test the hypothesis that inhibiting TNF could accel-
erate endothelial recovery after angioplasty.

Application: Evans blue dye staining can be applied to evaluate
viable ex vivo preparations of vascular structures for the purpose of
establishing the integrity of endothelial surfaces.
Implementation: Evaluation of vascular endothelial integrity
using Evans Blue dye as a indicator of cellular injury. In this context,
Evans Blue dye can be used to evaluate the efficacy of agents de-
signed to enhance the integrity of vascular endothelial structure.

A relevant application example includes the evaluation of TNFsr
vs control IgG administered by intraperitoneal injection following
De-endothelializing created by balloon injury. The resulting endo-
thelial lesions created can then be assessed at 1 week post-injury for
evidence of reendothelialization (Evans blue dye staining); and then
again after 2 weeks in order to evaluate reendothelialization and
endothelial function.
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Animal Model: Rat (Sprague-Dawling strain).
Interpretation and Analysis: At both time points, blockade of
TNF biological activity with TNFsr results in increased reendothe-
lialization measured as absolute area and percent area reendothelial-
ized. TNFsr also accelerates functional endothelial recovery that
manifests as an increase in nitric oxide production. Neointimal thick-
ening can also be appreciated as being inhibited. Blockade of TNF in
vivo accelerates functional endothelial recovery after barotraumatic
de-endothelializing injury. Locally expressed TNF therefore acts to
inhibit functional endothelial recovery after angioplasty and tran-
sient blockade of TNF may improve the long-term success of angio-
plasty.

Evans Blue Staining: The reagent facilitates detection of a
demarcation between viable endothelial cell populations and suben-
dothelial collagen.

In vivo blockade of tumor necrosis factor-alpha accelerates functional
endothelial recovery after balloon angioplasty. Krasinski K, Spyridopoulos I,
Kearney M, Losordo DW. Circulation 2001 Oct 9; 104 (15), pp. 1754-6.

Endothelial Integrity/Vascular Permeability/
Extravasation
Evans Blue Dye

Cellular/Molecular Mechanism of Action: Evans blue dye is
a pigment-based reagent that can be detected visually within the vis-
ible light range.
Background Information: Oxidative stress appears to be rele-
vant to asthma pathogenesis.
Application: Evans blue dye is a pigment-based reagent that can
be used as a visual marker or indicator molecule and has the advan-
tage of being compatible with biological systems. In this context, it
is often applied as a dilution marker system within the intravascular
compartment for measuring total intravascular compartment size and
extravasation of plasma proteins and hematologial cell types into the
extravascular tissue space.
Implementation: Applicaton of Evans blue dye to evaluate
extravasation into bronchoalveolar lavage fluid following antigen-
induced pulmonary responses in sensitized in vivo models and the
effectiveness of the antioxidant N-acetylcysteine (oral, 1 mmol/kg
per day for 7 days before challenge).

Animal Model: Rat (Brown Norway strain).
Interpretation and Analysis: N-acetylcysteine does not reduce
the immediate bronchospasm that follows aerosol antigen exposure
but does prevent airway hyperreactivity to 5-hydroxytryptamine at
24 hours after antigen challenge, and reduces eosinophil numbers
(from 0.178 = 0.038 in the absence to 0.064 + 0.020 X 10° cells/ml
in the presence of N-acetylcysteine; p < 0.05), and Evans blue dye
extravasation into bronchoalveolar lavage fluid. Taurine levels in
bronchoalveolar lavage fluid from antigen-challenged in vivo models
are higher than control values but treatment with N-acetylcysteine
fails to further increase these augmented levels. N-acetylcysteine
appears to have a beneficial effects in vivo in models of experimental
asthma and serves to validate related findings pertaining to other
models of lung injury.

Effectiveness of oral N-acetylcysteine in a rat experimental model of asthma.
Blesa S, Cortijo J, Martinez-Losa M, Mata M, Seda E, Santangelo F, Morcil-
lo EJ. Pharmacol Res 2002 Feb; 45 (2), pp. 135-40.
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Endothelial Integrity (Retinal)/Minimally-Invasive
Diagnostic Strategy [Diabetes]
Sodium Fluorescein

Background Information: Diabetic retinopathy is the leading
cause of blindness in working-age individuals in the United States.
Breakdown of the blood-retinal barrier is one of the earliest events in
the progression of diabetic retinopathy. Ideally, therapeutic measures
would be directed at this early stage, but there are few sensitive,
quantitative methods to assess the retinal vascular barrier in vivo.
Application: Quantitative assessment of vascular barrier such as
those associated with the retina.
Implementation: Utilization of 2 fluorescent tracers in combi-
nation with fluorescence microangiography to quantitatively assess
retinal vascular barrier integrity (= infusion of a hyperosmolar solu-
tion of 1.6 M mannitol for 5 minutes).

Animal Model: Rat (Long-Evans strain).
Interpretation and Analysis: Permeability X surface area/flow
(PS/F) describing the retinal vasculature is 0.086 = 0.031 (n = 13,
avg. = SD). Based on estimates of flow and surface area, estimated
permeability of sodium fluorescein is approximately 1.2 x 107>
cm/s. Infusion of a hyperosmolar mannitol solution significantly
increases PS/F within individual veins and significantly increases
flow-weighted PS/F from 0.073 = 0.028 to 0.16 = 0.034 (n = 3).
Quantitative in vivo assessment of retinal vasculature can be delin-
eated applying an adapted indicator dilution technique. Dual-tracer
fluorescence angiography appears to be a sensitive indicator for
detecting increases in the blood-retinal barrier produced by hyperos-
molar mannitol. The methodology may be a promising new mini-
mally-invasive strategy that can be adapted to quantitatively track
retinal vascular permeability.
Instrumentation: Fluorescence microangiography.

Retinal vascular permeability determined by dual-tracer fluorescence angiog-
raphy. Russ PK, Gaylord GM, Haselton FR. Ann Biomed Eng 2001 Aug; 29
(8), pp. 638—47.

Gene Expression/ Imaging the Location,
Magnitude, and Time Course of Gene Expression
Adenovirus-Expressing Firefly Luciferase/D-Luciferin

Cellular/Molecular Mechanism of Action: D-luciferin is a
fluorescent substrate for firefly luciferase enzyme fractions.
Background Information: Studies of cardiac gene transfer
rely on postmortem analysis using histologic staining or enzyme
assays. Non-invasive imaging of the temporal and spatial character-
istics of cardiac gene expression in the same subject offers signifi-
cant advantages.

Application: Fluorescent marker system for validating the posi-
tive detection of gene-specific transcription processes.

Route of Administration: D-luciferin can be injected intraperi-
toneally following adenovirus-facilitated firefly luciferase gene ex-
pression.

Implementation: Direct myocardial injection via left thoraco-
tomy with adenovirus-expressing firefly luciferase (Ad-CMV-Fluc;
n = 30). The reporter substrate D-luciferin can be injected intraperi-
toneally. Serial images are acquired by use of a cooled charge-
coupled detector (CCD) camera. Results are expressed as relative
light unit per minute (RLU/min). To assess the detection sensitivity,
serially diluted titers of Ad-CMV-Fluc can be injected: 1 X 10° (195,
393 + 14,896), 1 x 10° (33,777 = 18,179), 1 X 10" (417 £ 91), 1 X

10° (185 + 64), 1 X 1° (53 = 1), and control (54 = 1) (p < 0.05 for
1 X 10°, 1 X 10 and 1 X 107 plaque-forming units vs control ad-
enovirus-expressing mutant thymidine kinase [Ad-CMV-HSVI1-
sr39tk]; n = 3).
Animal Model: Rat.

Interpretation and Analysis: Rats transduced with 1 X 10°
plaque-forming units show decremental cardiac luciferase activity
over time: 152,070 = 21,170 (day 2), 195,806 = 62,630 (day 5),
7250 = 2941 (day 8), and 2040 = 971 RLU/min (day 14). Rats are
sacrificed, and in vitro luciferase activity correlated with in vivo CCD
signals (* = 0.92). Such observations demonstrate the feasibility of
imaging the location, magnitude, and time course of cardiac reporter
gene expression in living (in vivo) systems. Cardiac gene therapy
studies could be aided with wider application of this approach.

Optical imaging of cardiac reporter gene expression in living rats. Wu JC,
Inubushi M, Sundaresan G, Schelbert HR, Gambhir SS. Circulation 2002 Apr
9; 105 (14), pp. 1631-4.

Glucose Metabolization: Myocardial
H,["0]/1-[""C]-Glucose/Phenylephrine/[Positron
Emission Tomography]

Cellular/Molecular Mechanism of Action: The agent
H,["°0] is an analog that mimics the behaviors of natural water mol-
ecules within biological systems. Similarly, 1-[''C]-glucose is trans-
ported across cellular membranes and perceived biochemically/
metabolically in a manner analogous to natural/native glucose mole-
cules. Procainamide inhibits Na*/K" pump function and promotes
weak parasympatholytic activity similar to quinidine (quinidine has
a stronger influence on cardiac parasympathetic input).
Background Information: Measurements of the rate of
myocardial glucose utilization (rMGU) play a key role in the assess-
ment of alterations in myocardial substrate metabolism in normal
and abnormal cardiac states. In this context, ’MGU can be quantified
in vivo using 1—[”C]glucose in combination with positron emission
tomography (PET) imaging analysis.
Application: 1-["'C]Glucose can function as a probe for assess-
ing alterations in myocardial glucose metabolism in both normal and
abnormal myocardium.
Implementation: Measurements of myocardial blood flow and
rMGU applying PET methodologies facilitated by the use of H,['*O]
and 1-["'C]-glucose, respectively. Arterial-coronary sinus sampling
is performed to measure rMGU according to the Fick method.

Animal Model: Canine (n = 20; n = 5 fasting; n = 6 hyper-
insulinemia-euglycemic clamp at rest; n = 5 clamp and phenyle-
phrine; n = 4 clamp and dobutamine).
Interpretation and Analysis: Values for rMGU range from 50
to 2436 nmol/g/min. Myocardial 1-[''C]-glucose images of high
quality can be obtained. There is a close and direct correlation
between values for rMGU measured by PET and those measured
directly (y = 0.86x + 112, r = 0.98, p < 0.0001). The coefficient of
variation for the regional estimates of rMGU ranges from between
11.3% = 7.4% during clamp at rest to 16.3% = 8.4% during clamp
with phenylephrine.

It now appears possible to quantify myocardial glucose utilization
by PET with 1-[''C]-glucose.

Quantification of myocardial glucose utilization by PET and 1-carbon-11-
glucose. Herrero P, Weinheimer CJ, Dence C, Oellerich WF, Gropler RJ.
J Nucl Cardiol 2002 Jan-Feb; 9 (1), pp. 5-14.



Ischemia: Myocardial
Dipyridamole/Leukocyte Chemotaxis

Cellular/Molecular Mechanism of Action: Dipyridamole
influences the activity of phosphodiesterase in a manner that pro-
motes elevations in intracellular (platelet) cAMP concentrations and
potentiates the vasoactive and antiplatelet aggregatory properties me-
diated by PGI,. Dipyridamole is classified as a adenosine nucleotide
trasport blocker whereby it prevents adenosine influx into myo-
cardial cells.

Application: Detection parameter for identifying conditions of
myocardial ischemia.

Implementation: Evaluation of myocardial ischemia conditions
as a function of neutrophil chemotactic responses with and without
the administration of dipyridamole.

Interpretation and Analysis: Chemotaxis of control PMNs
toward plasma isolated from cases without signs of myocardial
ischemia 7 minutes after dipyridamole administration is significantly
diminished compared to baseline values (p = 0.003). Plasma
obtained 7 minutes after dipyridamole infusion from patients mani-
festing signs of myocardial ischemia by single photon emission
computed tomography (SPECT) attract control PMNs more inten-
sively compared to plasma isolated at time = O (significant at p =
0.0005).

Interpretation and Analysis: Transient myocardial ischemia
induced by dipyridamole challenge leads to the generation of chem-
otactic factors detectable within peripheral blood plasma.
Instrumentation: Boyden chemotactic chamber.

Plasma chemotactic activity during dipyridamole-induced myocardial
ischemia. Wysocki H, Kazmierczak M, Wykretowicz A, Szczepanik A,
Minczykowski A. Int J Cardiol 1998 Jan 5; 63 (1), pp. 15-9.

Reactive Oxygen Species Production/Myocardial
Dihydroethidium

Background Information: Protein kinase C (PKC) and reactive
oxygen species (ROS) are known to have a role in anesthetic precon-
ditioning (APC). Cardiac preconditioning by triggers other than
volatile anesthetics, such as opioids or brief ischemia, is known to be
isoform selective, but the isoform required for APC is not known.
Application: Detection and characterization of intracellular reac-
tive oxygen species production. Examples include the identification
of PKC isoform involved in APC and elucidation of the relative posi-
tions of PKC activation and ROS formation within the APC signal-
ing cascade.

Implementation: Evaluation of the influence of sevoflurane
APC in heart tissue prior to the initiation of ischemic reperfusion
injury in the absence or presence of a non-specific PKC in-
hibitor(chelerythrine), a PKC-delta inhibitor (PP101), or a PKC-
epsilon inhibitor (PP149). Spectrofluorometry and the fluorescent
probe dihydroethidium is used to measure intracellular ROS, while
assay of effluent dityrosine is used to measure extracellular ROS
release.

Animal Model: TIsolated guinea pig hearts subjected to 30
minutes of ischemia and 120 minutes of reperfusion.
Interpretation and Analysis: Previous sevoflurane exposure
protects heart tissues against ischemia-reperfusion injury. Chelery-
thrine or PP149 abolishes such protection, but PP101 does not. Reac-
tive oxygen species formation can be observed during sevoflurane ex-
posure but it is not altered by any of the PKC inhibitors. Anesthetic
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preconditioning is mediated by PKC-epsilon but not by PKC-delta.
Furthermore, PKC activation probably occurs downstream of ROS
generation in the APC signaling cascade.

Reactive oxygen species precede the epsilon isoform of protein kinase C in
the anesthetic preconditioning signaling cascade. Novalija E, Kevin LG,
Camara AK, Bosnjak ZJ, Kampine JP, Stowe DF. Anesthesiology 2003 Aug;
99 (2), pp. 421-8.

Permeation Properties: Myocardial Cells
Ethidium Bromide (EB)

Cellular/Molecular Mechanism of Action: Ethidium bro-
mide selectively binds to nucleic acids and can also function as a pas-
sive biological marker molecule. Ethidium bromide also possesses
fluorescent properties when exposed to ultraviolet light energy.
Background Information: Strong electric pulses produce re-
versible or irreversible membrane breakdown (electroporation).
Application: Detection of alteration in membrane pore size.
Implementation: Analyze the permeation properties of minute
pores caused by hyperpolarization or lysophosphatidylcholine (LPC)
by comparing the amount of charge carried by irregular inward cur-
rents (I") with changes in EB fluorescence in isolated rabbit ventric-
ular myocytes.

Technique: Forty-second negative pulses from a holding

potential of -20 mV induces I"* whose conductance increases with
hyperpolarization.
Interpretation and Analysis: Mean conductance (G™) is 63.6
* 9.9 pS/pF (mean = S.E.M., n = 9) at —160 mV. Ethidium bro-
mide fluorescence increases during voltage pulses in parallel with
the time integral of I" (Q"), with the magnitude of increases in
nuclear EB fluorescence being 5.3 times greater than in the cyto-
plasm at —160 mV. Similar hyperpolarization-induced parallel
increases in I" and EB fluorescence is also obtained in Na*-free, N-
methyl-D-glucamine (NMDG) solution. LPC (10 uM) induced large
(101.2 = 21.2 pS/pE, n = 16), rapid (rise times, 1-10 msec) " with
slow relaxation rates at —80 mV that reflect increases in G™ to 94.3
=+ 24.8 pS/pF (n = 8) at 6 minutes. Plots of ethidium bromide fluo-
rescence vs Q" can be well fitted by a common Hill’s equation with
a Hill coefficient of 0.97. Taken together, such findings indicate that
hyperpolarization and LPC produce pores that have the same filter
properties for the permeation of small ions, including ethidium(+),
and that I" (carried in part by Ca®" generated by membrane break-
down) is capable of supplying sufficient ions to evoke abnormal
excitation and contraction in cardiac myocytes.

Hyperpolarization and lysophosphatidylcholine induce inward currents and
ethidium fluorescence in rabbit ventricular myocytes. Song YM, Ochi R.
J Physiol 2002 Dec 1; 545 (Pt 2), pp. 463-73.

Platelet Function in Arterial Disease/Peripheral
Arterial Disease (PAD) of the Lower Limb/Carotid
Artery Disease/Abdominal Aorta Aneurysm (AAA)
Adenosine Diphosphate/Collagen

Cellular/Molecular Mechanism of Action: Adenosine
diphosphate is released by platelets during activation phenomenon
which in turn promotes activation/aggregation of nearby platelets.
Soluble collagen binds membrane-associated receptors expressed by
platelets and promotes aggregatory responses.

Background Information: Conditions of PAD have a 3-fold
increase in cardiovascular mortality. Standard antiplatelet treatment
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may not confer uniform benefit in different patient groups. Studies
have described the comparison of platelet function in cases of lower
limb PAD, carotid disease, and AAA with age- and sex-matched
healthy controls.

Application: Detection and chacterization of arterial disease
related to alterations in platelet function.

Implementation: Evaluation of PAD as a function of sponta-
neous platelet aggregatory (SPA) properties can be assessed in
whole-blood samples applying adenosine diphosphate (ADP) and
collagen to induce aggregation responses. Flow cytometry analyses
can also be used to detect platelet P-selectin and the PAC-1 antigen
as markers of platelet activation and aggregation.

Human Model: Cases of PAD of the lower limbs (n = 20
PAD); carotid artery disease (n = 40); abdominal aortic aneurysm
(n = 13 AAA); and age-/sex-matched healthy controls (n = 20).
Interpretation and Analysis: Conditions of lower limb PAD or
AAA have higher baseline SPA compared to normal controls (p <
0.01). There is significantly higher collagen-induced aggregation in
IC patients compared to normal controls (p < 0.01). However, there
is no difference in ADP-induced aggregation between lower limb
PAD and reference controls. There is no difference in PAC-1 binding
between control patients and the patients with lower limb PAD,
carotid disease, or AAA. Conditions of carotid artery disease express
higher levels of P-selectin compared to normal controls (p < 0.05).

Therefore, evidence exists that suggests platelet hyperactivity is
present in conditions of PAD despite the use of antiplatelet therapy.
Further antiplatelet strategies may be indicated for the therapeutic
management of such disease states.

Instrumentation: Flow cytometry instrumentation.

Increased platelet aggregation and activation in peripheral arterial disease.
Robless PA, Okonko D, Lintott P, Mansfield AO, Mikhailidis DP, Stansby GP.
Eur J Vasc Endovasc Surg 2003 Jan; 25 (1), pp. 16-22.

Reperfusion Injury/Leukocyte Rolling Phenomenon
Following Ischemic Insult
Acridine Orange

Cellular/Molecular Mechanism of Action: Acridine orange
emits a fluorescent color when exposed to certain wavelengths of
light energy.

Background Information: Recent reports have shown that
ischemic preconditioning induces substantial protection against reti-
nal damage by subsequent prolonged ischemia and that this protec-
tion is mediated by mechanisms involving the adenosine A1 receptor.
Application: Evaluate quantitatively the effects of ischemic pre-
conditioning on leukocyte-mediated reperfusion injury after tran-
sient retinal ischemia and to define the role of the adenosine Al
receptor in these effects.

Implementation: The adenosine Al receptor antagonist 8-
cyclopentyl-1,3-dipropylxanthine (DPCPX) is administered intra-
muscularly immediately after ischemic preconditioning. Leukocyte
behavior in the retina after 60 minutes of ischemia is evaluated in
vivo with acridine orange digital fluorography.

Animal Model: Rats/male (transient retinal ischemia is in-
duced by temporary ligation of the optic nerve. Ischemic precondi-
tioning [5 minutes of ischemia] is induced 24 hours before 60 min-
utes of ischemia).

Interpretation and Analysis: Ischemic preconditioning inhib-
its leukocyte rolling. The maximum number of rolling leukocytes is
reduced to 3% at 12 hours after reperfusion (p < 0.01). Subsequent
leukocyte accumulation is also decreased with ischemic precondi-
tioning. The maximum number of accumulated leukocytes is

reduced to 22.6% at 24 hours after reperfusion (p < 0.01). These
inhibitory effects are suppressed by the administration of DPCPX
(p < 0.0001). The numbers of rolling leukocytes at 12 hours after
reperfusion and accumulated leukocytes at 24 hours after reperfusion
are approximately 102.7% (ns) and 83.4% (p < 0.01), respectively,
compared with numbers without ischemic preconditioning. Ischemic
preconditioning, therefore, has an inhibitory effect on leukocyte rol-
ling and subsequent leukocyte accumulation during retinal ischemia-
reperfusion injury. Furthermore, the adenosine A1 receptor may play
an important role in these inhibitory effects.

Instrumentation: Digital fluorography.

Inhibitory effect of ischemic preconditioning on leukocyte participation in
retinal ischemia-reperfusion injury. Nonaka A, Kiryu J, Tsujikawa A,
Yamashiro K, Nishijima K, Miyamoto K, Nishiwaki H, Honda Y, Ogura Y.
Invest Ophthalmol Vis Sci 2001 Sep; 42 (10), pp. 2380-5.

Stem Cells: Mesenchymal/Retention, Engraftment,
and Migration

Iron Fluorophore Particle (IFP)/Mesenchymal Stem
Cells

Cellular/Molecular Mechanism of Action: Stem cells have
the potential to differentiate into a multitude of different cell types
within tissue/organ environments.
Background Information: Delivery and tracking of endomy-
ocardial stem cells is limited by the inability to image transplanted
cells noninvasively in the beating heart.
Application: Mesenchymal stem cells (MSCs) can be labeled
with iron fluorophore particle (IFP) to provide MRI contrast for in
vivo assessment of immediate and long-term localization in order to
establish parameters pertaining to retention, engraftment, and migra-
tion within tissues/organs.
Route of Administration: Mesenchymal stem cells (variable
including percutaneous).
Implementation: Short-term incubation of mesenchymal stem
cells with IFP results in efficient dose-dependent labeling. Postlabel-
ing, cells remain viable for multiple passages and retain in vitro pro-
liferation and differentiation capacity. Labeled mesenchymal stem
cells (10* to 10° cells/150 L) are then injected percutaneously into
normal and freshly infarcted myocardial tissues. Serial cardiac MRI
(1.5 T) are then performed at 4 (e.g. n = 1 in vivo preparations), 8
(e.g. n = 3 in vivo preparations), and 21 days (e.g. n = 1 in vivo
preparation). MRI contrast properties are then measured both in vivo
and in vitro for cells embedded in agar. Injection sites containing as
few as 10> MSCs can be detected and contain intact IFP-bearing
mesenchymal stem cells on histology.

Animal Model: Swine (mesenchymal stem cells and porcine
myocardium [normal & infracted]).
Interpretation and Analysis: IFP labeling of mesenchymal
stem cells imparts useful MRI contrast, enabling ready detection in
the beating heart on a conventional cardiac MR scanner after trans-
plantation into normal and infarcted myocardium. The dual-labeled
MSCs can be identified at locations corresponding to injection sites,
both ex vivo using fluorescence microscopy and in vivo using sus-
ceptibility contrast on MRI. This technology may permit effective in
vivo study of stem cell retention, engraftment, and migration.

Serial cardiac magnetic resonance imaging of injected mesenchymal stem
cells. Hill JM, Dick AJ, Raman VK, Thompson RB, Yu ZX, Hinds KA, Pes-
sanha BS, Guttman MA, Varney TR, Martin BJ, Dunbar CE, McVeigh ER,
Lederman RJ. Circulation. 2003 Aug 26; 108 (8), pp. 1009-14. Epub 2003
Aug 11.



CARDIAC DISEASE AND PHYSIOLOGY
ANGINA: CARDIAC-ASSOCIATED THORACIC PAIN

Angina Pectoris/Atherosclerosis: Coronary Artery/
Hydroxyapatite Deposition/Musculoskeletal:
Osteoblastic Activity/Neoplastic Disease:
Osteosarcoma

Near-Infrared Light Emitting Probes/Fluorescent
Bisphosphonate Derivatives/[Near-Infrared]

Background Information: In vertebrates, the development and
integrity of the skeleton requires hydroxyapatite (HA) deposition by
osteoblasts. Sites of osteoblastic activity have most commonly been
imaged in vivo using gamma-emitting radioisotopes. The scan times
required are long, and the resultant radioscintigraphic images suffer
from relatively low resolution.

Application: Hydroxyapatite deposition is a marker of, or a par-
ticipant in, processes as diverse as cancer and atherosclerosis.
Semi-Synthetic Methods: Production of a near-infrared (NIR)
fluorescent bisphosphonate derivative.

Implementation: Evaluation of the ability for NIR fluorescent
bisphosphonate derivatives to physically bind to hydroxyapatite
deposits.

Interpretation and Analysis: Near-infrared light-based probes
like fluorescent bisphosphonate derivatives possess an ability to bind
to hydroxyapatite under in vitro conditions, in addition to recogniz-
ing osteoblastic activity in living animals. Such biotechnology can
be applied to study skeletal development, osteoblastic metastasis,
coronary atherosclerosis, and other disease states.

In vivo near-infrared fluorescence imaging of osteoblastic activity. Zaheer A,
Lenkinski RE, Mahmood A, Jones AG, Cantley LC, Frangioni JV. Nat
Biotechnol 2001 Dec; 19 (12), pp. 1148-54.

Angina Pectoris/Coronary Artery Spasms/
Vasospastic Disease
Acetylcholine

Cellular/Molecular Mechanism of Action: Acetylcholine
binds to and activates both nicotinic and muscarinic acetylcholine
receptor complexes.

Physiological Mechanism of Action: Coronary artery spasm
can be induced by acetylcholine, serotonin, ergonovine, or hista-
mine, all of which cause vasodilation when the endothelium is intact
by releasing nitric oxide (NO). In conditions of coronary artery
spasm, acetylcholine induces a spasmodic response that can be
promptly relieved by nitroglycerin, which promotes vasodilation
through a direct action on vascular smooth muscle. Such finding
imply that some form of abnormally in endothelial integrity exists in
conditions of coronary spasm that can be accentuated by acetyl-
choline and histamine, and to a lesser by ergonovine and serotonin.
In general, all ergot alkaloids exert their biological effect as partial
agonists or antagonists at adrenergic, dopaminergic, and tryptamin-
ergic receptor complexes. Effects of full agonists like norepinephrine
are usually augmented by low ergot alkaloid concentrations. Simi-
larly, the contractile response to agents like acetylcholine can some-
times be augmented by low ergot alkaloid concentrations.
Application: Determine the sensitivity and specificity of coro-
nary artery spasm induced by intracoronary artery injection of
acetylcholine in conditions of vasospastic angina.
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Considerations: Intracoronary injection of acetylcholine is a
sensitive and reliable method for the induction of coronary spasm in
patients with vasospastic angina as well as in those with variant
angina.

Route of Administration: Direct intracoronary artery injection.
Dosage: Incremental doses of acetylcholine (20, 30, and 50 pg).
Dosage: Evaluation of coronary artery function/response to
incremental doses of intracoronary artery injected acetylcholine.
Human Model: Cases with variant angina (Group A; n = 21);
cases with other types of vasospastic angina (Group B; n = 28), and
cases without any significant coronary artery disease (Group C; n =
20).

Interpretation and Analysis: Coronary artery spasm is defined
as severe vasoconstriction (greater than or equal to 90% of reduction
in luminal diameter) with chest pain and/or ischemic changes appre-
ciated on electrocardiogram tracings. Intracoronary injection of
acetylcholine induces spasm of at least 1 coronary artery in 95% of
Group A cases (e.g. n = 20/21), in 96% of Group B cases (e.g. n =
27/28); and in only a relatively low percentage of Group C cases
(e.g. n = 2/20 or 10%).Low-dose acetylcholine regimens (20 pg)
induces coronary spasm more frequently in Group A cases (81%)
than in Group B patients (43%) (p < 0.05). S-T segment elevations
associated with anginal attacks are significantly (p < 0.05) more fre-
quent in Group A (71%) than in Group B (39%) cases. When acetyl-
choline is injected separately into the left and right coronary arteries,
spasm of both coronary arteries can be observed in approximately
50% of Group A type individuals (e.g. n = 7/14); in 36% of Group B
type individuals (e.g. n = 8/22), and in a very low percentage of 20
Group C type individuals (e.g. n = 0/20 or 0%).

Usefulness of intracoronary injection of acetylcholine as a provocative test
for coronary artery spasm in patients with vasospastic angina. Miwa K,
Fujita M, Ejiri M, Sasayama S. Heart Vessels 1991; 6 (2), pp. 96—101.

Angina Pectoris: Coronary Artery Spasm
Acetylcholine/Ergonovine/[Electrocardiography]

Cellular/Molecular Mechanism of Action: Acetylcholine
binds directly to and positively activates acetylcholine receptor
complexes located on the surface of postsynaptic membranes.
Ergonovine directly binds to and positively (submaximally) activates
tryptaminergic and a-adrenergic receptor complexes to a degree that
is less potent than ergotamine. At dopaminergic receptor complexes,
ergonovine functions as a weak antagonist. At both tryptaminergic
and dopaminergic sites, ergonovine can exert both partial agonist
and antagonist properties within certain regions of the central nerv-
ous system (CNS). In various smooth muscle tissues, the compound
exerts antagonist properties.

Physiological Mechanism of Action: Coronary artery spasm
can be induced by acetylcholine, serotonin, ergonovine, or hista-
mine, all of which cause vasodilation when the endothelium is intact
by releasing nitric oxide (NO). In conditions of coronary artery
spasm, acetylcholine induces a spasmodic response that can be
promptly relieved by nitroglycerin, which promotes vasodilation
through a direct action on vascular smooth muscle. Such finding
imply that some form of abnormally in endothelial integrity exists in
conditions of coronary spasm that can be accentuated by acetyl-
choline and histamine, and to a lesser by ergonovine and serotonin.
In general, all ergot alkaloids exert their biological effect as partial
agonists or antagonists at adrenergic, dopaminergic, and trypta-
minergic receptor complexes. Effects of full agonists like norepineph-
rine are usually augmented by low ergot alkaloid concentrations.
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Similarly, the contractile response to agents like acetylcholine can
sometimes be augmented by low ergot alkaloid concentrations.
Application: Acetylcholine and ergonovine can be used to iden-
tify (detect) and characterize cases suffering from spasms of the
coronary artery. Speculation suggests that there may be some poten-
tial applications related to other vascular disorders including patent
ductus arteriosus and extrahepatic portosystemic shunts.
Implementation: Delineation of mechanisms involved in the
pathogenesis of coronary artery spasms can be facilitated by com-
paring the action of acetylcholine with that of ergonovine. Coronary
arteriography is performed immediately after intracoronary injec-
tions of titrated incremental doses of acetylcholine or ergonovine.
Human Model: Cases of vasospastic angina (n = 11 Group 1),
and chest pain cases (n = 15 Group 2).

Interpretation and Analysis: Occlusive or near-occlusive
(99% luminal narrowing) coronary spasm associated with angina
and ischemic electrocardiographic S-T changes can be appreciated
in a large percentage of Group 1 type cases (e.g., n = 9/11 with
acetylcholine and n = 11/11 patients with ergonovine). The region
and degree of the most severe coronary spasm on coronary arteri-
ograms evoked by the 2 agents are the same in majority of Group 1
type cases (e.g., n = 9/11). In the remaining Group 1 type cases
(e.g., n = 2/11), spontaneous focal coronary spastic stenosis in the
baseline coronary arteriogram can be relieved by the intracoronary
injection of acetylcholine, and a focal coronary occlusive spasm in
the same region can be induced repeatedly by the subsequent intra-
coronary injection of ergonovine (paradoxic phenomenon). Con-
versely, occlusive or near-occlusive coronary spasm cannot be in-
duced by either agent in the vast majority of Group 1 type cases (e.g.,
n = 0/15). Such findings suggest that the 2 provocative tests for
coronary spasm employing acetylcholine and ergonovine are clini-
cally useful in the diagnosis of vasospastic angina, but testing with
intracoronary ergonovine is needed when a spontaneous focal coro-
nary spasm is relieved by intracoronary injection of acetylcholine.
The results also indicate that in many conditions with vasospastic
angina, non-specific hypersensitivity to acetylcholine or ergonovine
in a definite region of the coronary arteries generally plays an impor-
tant role in the induction of coronary spasm.

Induction of coronary artery spasm by intracoronary acetylcholine: Compari-
son with intracoronary ergonovine. Suzuki Y, Tokunaga S, Ikeguchi S, Miki
S, Iwase T, Tomita T, Murakami T, Kawai C. Am Heart J 1992 Jul; 124 (1),
pp. 39-47.

Angina Pectoris: Differential Diagnosis with
Esophogeal Spasm
Ergonovine Maleate

Application: Differential diagnosis of chest pain symptoms.
Intravenous ergonovine may be useful in identifying esophageal
spasm in selected cases with chest pain who have normal coronary
arteries or in whom coronary artery disease is insufficient to explain
the severity of symptoms.

Implementation: Evaluation of cases of chest pain resembling
angina pectoris employing intravenous administration of ergonovine
maleate.

Interpretation and Analysis: Administration of intravenous
ergonovine maleate in cases of chest pain resembling angina pectoris
(e.g., n = 14) can induce the typical signs of discomfort previously
experienced by affected cases (e.g., n = 5/14) while manometric
signs of esophageal spasm may also develop. A certain percentage of
affected cases (e.g., n = 9/14) and negative reference control sub-
jects will not experience signs of chest pain. However, the vast
majority of affected cases will experience some form of sympto-

matic response to ergonovine, including chest warmth or heaviness,
headache, mild choking sensation, facial numbness, flushing, or nau-
sea. Manometric signs of esophageal spasm after ergonovine can be
detected in some patients that experience no signs of chest pain (e.g.,
n = 2/9) on a level similar to negative reference controls. In this con-
text, the potential risks of ergonovine do not justify its routine use as
a provocative agent for esophageal spasm.

Use of ergonovine to identify esophageal spasm in patients with chest pain.
Eastwood GL, Weiner BH, Dickerson WJ 2nd, White EM, Ockene IS, Haffa-
jee CI, Alpert JS. Ann Intern Med 1981 Jun; 94 (6), pp. 768-71.

Angina Pectoris/Coronary Artery Spasm/
Vasospastic Disease/S-T Segment Depression
Ergonovine/Angiography

Cellular/Molecular Mechanism of Action: Directly binds
and positively, but submaximally activates tryptaminergic and o-
adrenergic receptor complexes at a level that is less than produced by
ergotamine. At dopaminergic receptor complexes, ergonovine func-
tions as a weak antagonist. At both tryptaminergic and dopaminergic
sites, ergonovine can exert both partial agonist and antagonist prop-
erties at certain sites within the central nervous system. In various
smooth muscle tissues, the compound exerts antagonist properties.
Physiological Mechanism of Action: Promotes vasoconstric-
tive responses within both venous and arterial structures through
direct stimulation of vascular smooth muscle. Systemic administra-
tion can produce elevations in blood pressure due to peripheral vaso-
constriction. Ergonovine can produce coronary artery vascular re-
sponses that are detected as ischemic patterns on EKG tracings and
development of angina pain in cases with coronary artery disease.
Bradycardia is often induced by ergot alkaloids even when no eleva-
tions in blood pressure are evident, due in part to increased vagal
activity, and to a lesser extent, by diminished CND sympathetic tone
and direct-acting myocardial depression.

Coronary artery spasm can be induced by acetylcholine, sero-
tonin, ergonovine, or histamine, all of which cause vasodilation
when the vascular endothelial cell layer is intact by releasing nitric
oxide (NO). Vascular responses of this nature can be promptly
relieved by nitroglycerin, which promotes vasodilation through a
direct action on vascular smooth muscle. Such findings imply that
some form of abnormality in endothelial integrity exists in condi-
tions of coronary spasm that can be accentuated by acetylcholine and
histamine, and to a lesser by ergonovine and serotonin.

In general, all ergot alkaloids exert their biological effect as
partial agonists or antagonists at adrenergic, dopaminergic, and
tryptaminergic receptor complexes. Effects of full agonists like
norepinephrine are usually augmented by low ergot alkaloid concen-
trations. Similarly, the contractile response to agents like acetyl-
choline can sometimes be augmented by low ergot alkaloid concen-
trations.

Application: Induction and characterization of coronary artery
vasocontrictive responses.

Route of Administration: Intravascular.

Implementation: Evaluation of conditions of angina pectoris
suspected of originating from spasms of the coronary artery.
Interpretation and Analysis: Reoccurrence of angina pectoris
upon selective infusion of ergonovine suggests that natural episodes
of angina pectoris are due to vasoactive episodes affecting the coro-
nary artery and may reflect the presence of coronary artery disease.

Oxytocin, Prostaglandin, Ergot Alkaloids, and Tocolytic Agents. Rall TW,
Schleifer LS (Chapter 39: pp. 926-45). Goodman and Gilman’s The Pharma-
cological Basis of Therapeutics, eds Gilman AG, Goodman LS, Rall TW,



Murad F. MacMillan Publishing Company, New York (7th edition: copyright
1985).

Angina Pectoris/Coronary Artery Spasm/
Vasospastic Disease/Inhibition

of Spasm Activity

Molsidomine

Application: Molsidomine has been applied as an anticoronary
artery spasm agent following alkaline buffer infusion.

Route of Administration: Molsidomine (intravascular); alka-
line buffer (intravascular).

Dosage: The rapid infusion of an alkaline buffer followed by
maximal hyperventilation and molsidomine (4 mg) in cases of angi-
na pectoris.

Considerations: Evaluation of the appearance of anginal pain
and developmet of significant, transient ischemic changes in the S-T
segment resulting from alkalosis-induced coronary spasm.
Interpretation and Analysis: Reversal of pro-coronary artery
spasm effect induced by alkaline buffer infusion utilizing molsi-
domine. A 2nd provocative test can be performed under the same
conditions, 24 hours later, after the administration of 4 mg of mol-
sidomine. Molsidomine prevents the development of coronary artery
spasm in a high percentage of cases (approximately 80%). These
preliminary results justify further clinical evaluation of molsidomine
in the characterization and treatment of vasospastic angina.

Angina Pectoris: Vasospastic Coronary Artery
Systemic Alkalosis/Nitroglycerin Reversal

Physiological Mechanism of Action: Induced systemic alka-
losis promotes vasoconstriction or spasms of the coronary artery.
Application: Detection of coronary spasms by creating systemic
alkalosis in cases with infrequent, angina-compatible chest pain.
Considerations: Previous reports have applied the provocative
test without a previous coronary arteriography procedure but only in
cases with negative submaximal exercise test responses.

Hyperventilation appears to be a safe and specific diagnostic pro-

cedure in a subset of cases in whom the probability of coronary
artery disease may not be judged sufficient to warrant coronary arte-
riography as a primary diagnostic procedure.
Interpretation and Analysis: Rapid infusion of alkaline solu-
tion followed by maximal hyperventilation raises arterial pH above
the 7.65 value necessary for diagnostic significance in approximate-
ly 83% of cases (e.g., n = 196). In approximately 12% of cases,
(e.g., n = 24), the provocative test induces significant ischemic S-T
segment changes. In all cases with a positive response, coronary
artery disease that is predominantly vasospastic (e.g., n = 19 cases)
or atheromatous with a vasospastic contribution (e.g., n = 5 cases)
can be demonstrated by coronary arteriography followed, if neces-
sary, by diagnostic injection of a ergot derivative.

Chest pain and ECG changes can essentially always be reversed
within 5 minutes by intravenous nitroglycerin. In instances where
coronary arteriography is not performed in cases with a negative
response, the sensitivity of the procedure cannot be accurately
assessed. However, in cases with a negative response to hyperventi-
lation that undergo coronary arteriography, approximately 92% (e.g.,
n = 33) have normal arteriograms and a negative response to ergot
derivatives.

Systemic alkalosis as a provocative test for coronary artery spasm in patients
with infrequent resting chest pain. Weber S, Cabanes L, Simon JC, Letrait M,
Fouchard J, Guerin F, Degeorges M. Am Heart J 1988 Jan; 115 (1 Pt 1), pp.
54-9.
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Angina Pectoris/Coronary Artery Spasm/ Vascular
Response Testing/Intractable Coronary Artery
Spasm: Prinzmental’s Variant Angina

Ergonovine Maleate/Nifedipine

Physiological Mechanism of Action: Coronary artery spasm
can be induced by acetylcholine, serotonin, ergonovine, or hista-
mine, all of which cause vasodilation when the endothelium is intact
by releasing nitric oxide (NO). In conditions of coronary artery
spasm, acetylcholine induces a spasmodic response that can be
promptly relieved by nitroglycerin, which promotes vasodilation
through a direct action on vascular smooth muscle. Such findings
imply that some form of abnormality in endothelial integrity exists in
conditions of coronary spasm that can be accentuated by acetyl-
choline and histamine, and to a lesser by ergonovine and serotonin.
In general, all ergot alkaloids exert their biological effect as partial
agonists or antagonists at adrenergic, dopaminergic, and tryptamin-
ergic receptor complexes. Effects of full agonists like norepinephrine
are usually augmented by low ergot alkaloid concentrations. Simi-
larly, the contractile response to agents like acetylcholine can some-
times be augmented by low ergot alkaloid concentrations.
Application: Detection and characterization of angina pectoris
conditions.
Implementation: Evaluation of the management of cases suffer-
ing from intractable coronary arterial spasms that have Prinzmetal’s
variant angina, normal or mildly abnormal coronary arteriograms,
and a positive ergonovine maleate provocative test. Characterization
angina pectoris conditions can involve delineation of functional
responses to ergonovine maleate and nifedipine reversal.

Human Model: Cases with anginal attacks occurring at least
3 times a week during isosorbide dinitrate therapeutic regimens.
Interpretation and Analysis: Majority of affected cases dem-
onstrate a decrease in the frequency of ischemic attacks with nifed-
ipine. Holter monitor evaluation can serve to confirm the absence of
ischemic changes in response to nifedipine (e.g., n = 7 cases). When
nifedipine dosage is decreased or therapy is discontinued, a very
large percentage of cases will demonstrate a recurrence of anginal
attacks (e.g., n = 6/6). Some cases will experience minor side effects
that require a decrease in nifedipine dosage (e.g., n = 2). Nifedipine
in general is well tolerated, and no major complications are usually
appreciated. Nifedipine appears to be effective in the management of
cases with symptomatic coronary arterial spasm and normal or mild-
ly abnormal coronary arteriograms. Investigations conducted to date
imply that further investigation of nifedipine for the characterization
and treatment of such patients is justified.

Nifedipine therapy for refractory coronary arterial spasm. Heupler FA Jr,
Proudfit WL. Am J Cardiol 1979 Oct 22; 44 (5), pp. 798-803.

Angina Pectoris/Coronary Artery Spasm/
Vasospastic Disease/Angiography Classification/
Coronary Artery Diameter/M-Mode
Characterization of Coronary Artery Flow
Dynamics/Vascular Response

Testing: Differentiation of Variants/Vasospastic
Angina without Coronary Stenosis/Vasospastic
Angina with Coronary Stenosis/Coronary Stenosis
without Vasospastic Angina
Ergonovine/Acetylcholine/Nitroglycerin Reversal

Physiological Mechanism of Action: Coronary artery spasm
can be induced by acetylcholine, serotonin, ergonovine, or hista-
mine, all of which cause vasodilation when the endothelium is intact
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by releasing nitric oxide (NO). In conditions of coronary artery
spasm, acetylcholine induces a spasmodic response that can be
promptly relieved by nitroglycerin, which promotes vasodilation
through a direct action on vascular smooth muscle. Such finding
imply that some form of abnormally in endothelial integrity exists in
conditions of coronary spasm that can be accentuated by acetyl-
choline and histamine, and to a lesser by ergonovine and serotonin.
In general, all ergot alkaloids exert their biological effect as partial
agonists or antagonists at adrenergic, dopaminergic, and tryptamin-
ergic receptor complexes. Effects of full agonists like norepinephrine
are usually augmented by low ergot alkaloid concentrations. Simi-
larly, the contractile response to agents like acetylcholine can some-
times be augmented by low ergot alkaloid concentrations.
Background Information: The definite diagnosis of vasospas-
tic angina can be established by performing a coronary spasm pro-
vocative test using ergonovine maleate or acetylcholine facilitated
by selective cardiac catheterization. Current non-invasive, non-phar-
macologic diagnostic methods are not sensitive enough for the diag-
nosis of vasospastic angina.
Application: Diagnosis of angina associated with cardiovascular
function (ergonovine).
Route of Administration: Nitroglycerin (sublingual).
Dosage: Nitroglycerin (0.3 mg).
Considerations: Induced episodes of cardiovascular angina are
reversible through the administration of nitroglycerin.
Implementation: Evaluation of normal left main coronary
artery branch applying angiography imaging procedures for the pur-
pose of classification into 4 groups based on the presence or absence
of more than 50% stenosis in the coronary arteries except for the left
main trunk and results observed with acetylcholine or ergonovine
provocative testing. The left main trunk diameter can be measured by
M-mode echocardiography before and after sublingual administra-
tion of nitroglycerin (0.3 mg), and alterations in dilation calculated
to assess coronary artery tone.

Human Model: Cases with angiographically normal left main
trunk (n = 38).
Interpretation and Analysis: The percent dilation of the left
main trunk diameter induced by sublingual nitroglycerin at 7 A.M.
and at noon is 22.4 * 4.7% (mean = SD) and 18.1 = 4% in condi-
tions of vasospastic angina and without coronary stenosis (e.g., n =
11); 14.9 = 7.1% and 11.2 = 6.9% in conditions of vasospastic angi-
na and coronary stenosis (e.g., n = 9); 6.1 = 3.5% and 7.0 = 5.1%
in conditions without vasospastic angina but with coronary stenosis
(e.g.,n = 8); and 8.1 * 5.6% and 7.8 * 5.7% in normal reference
controls (e.g., n = 10). The percent dilation at 7 A.M. is significant-
ly greater in conditions with vasospastic angina without coronary
stenosis than in conditions of vasospastic angina and coronary steno-
sis or coronary stenosis without vasospastic angina. In case groups
with vasospastic angina, the percent dilation at 7 A.M. is significant-
ly greater than values observed at noon. Establishing a 7 A.M. per-
cent dilation exceeding 15% as being defined as positive for the diag-
nosis of vasospastic angina, the sensitivity and specificity of the
procedure can be improved to 80% and 94%, respectively. Therefore,
it appears that basal tone of the left main trunk is elevated in the
early morning in vasospastic angina. Dilation of the left main
trunk diameter exceeding 15% induced by sublingual nitroglycerin
in the early morning as measured by M-mode echocardiography is a
highly sensitive and specific criterion for the diagnosis of vaso-
spastic angina.
Instrumentation: M-mode echocardiogram capabilities (left
main coronary artery trunk).

A new noninvasive method of diagnosing vasospastic angina based on dila-
tion response of the left main coronary artery to nitroglycerin as measured by
echocardiography. Morita H, Ohmori K, Matsuyama T, Mizushige K, Matsuo
H. J Am Coll Cardiol 1996 May; 27 (6), pp. 1450-7.

Angina Pectoris: Prinzmetal’s Variant Angina
Ergonovine/Hyperventilation

Physiological Mechanism of Action: Ergonvine promotes
vasoconstriction of both venous and arterial structures through direct
stimulation of vascular smooth muscle. Systemic administration in
this manner can produce elevations in blood pressure due to periph-
eral vasoconstriction. Ergonovine can produce coronary artery vas-
cular responses that can be detected as ischemic patterns on EKG
tracings and angina pain in patients with coronary artery disease.
Bradycardia is often induced by ergot alkaloids even when no eleva-
tions in blood pressure are evident, due in part to increased vagal
activity, and to a lesser extent, diminished CND sympathetic tone
and direct-acting myocardial depression.

Coronary spasm is induced by acetylcholine, serotonin, ergo-
novine, or histamine, all of which cause vasodilation when the endo-
thelium is intact, and is promptly relieved by nitroglycerin, which
promotes vasodilation through a direct action on vascular smooth
muscle. In general, all ergot alkaloid exert their biological effect as
partial agonists or antagonists at adrenergic, dopaminergic, and
tryptaminergic receptors. Effects of full agonists like norepinephrine
are usually augmented by low ergot alkaloid concentration. The con-
tractile response to agents like acetylcholine can sometimes be aug-
mented by low ergot alkaloid concentrations.

Background Information: Prinzmetal’s variant angina is a
classification for a subtype of angina pectoris cases in which attacks
are experienced at rest, while exercise capacity is well preserved and
attacks are associated with electrocardiographic evidence of S-T seg-
ment elevations.

Application: Detection and characterization of spontaneous vari-
ant angina response.

Route of Administration: Ergonovine (intravenous).
Considerations: The incidence of chest pain and ventricular
arrhythmias is similar during both the hyperventilation and ergo-
novine tests. However, spontaneous remission of ischemia is more
frequent after hyperventilation than following ergonovine admin-
istration (48 vs 14%).

Interpretation and Analysis: Hyperventilation produces a pos-
itive response in a high percentage of cases (n = 25/30 or 83%) and
ergonovine (n = 28/30 or 93%). Hyperventilation can also induce S-
T segment elevation (n = 22/25 or 88%), S-T segment depression (n
= 2/25 or 8%), or T wave pseudonormalization (n = 1/25 or 4%).
Similarly, ergonovine can promote S-T segment elevation (n =
23/25 or 92%), S-T segment depression (n = 4/25), or T wave
pseudonormalization (n = 1/25). In the vast majority of cases, the
electrocardiographic changes occur in the same leads as during
episodes of spontaneous attacks.

Acute ischemia develops at a mean of 218 * 112 seconds after
the end of hyperventilation in majority of positive tests (e.g., n =
19/25); and at that time the double product is not significantly differ-
ent from basal values. The sensitivity of hyperventilation is similar
to ergonovine in cases with greater than or equal to 1 daily attack
(95% -vs- 100%), while in those with less than 1 daily attack the sen-
sitivity of hyperventilation decreased to 55% compared to 77% for
ergonovine.

In conditions of variant angina the sensitivity of both the hyper-
ventilation and ergonovine tests closely correlate with disease activ-



ity. Hyperventilation is a safe provocative test with a level of sensi-
tivity similar to ergonovine in conditions of active disease; however,
in patients with sporadic attacks hyperventilation has a lower sensi-
tivity than ergonovine and therefore a limited diagnostic value.

Hyperventilation and ergonovine tests in Prinzmetal’s variant angina pectoris
in men. Previtali M, Ardissino D, Barberis P, Panciroli C, Chimienti M, Saler-
no JA. Am J Cardiol 1989 Jan 1; 63 (1), pp. 17-20.

Oxytocin, Prostaglandin, Ergot Alkaloids, and Tocolytic Agents. Rall TW,
Schleifer LS (Chapter 39: pp. 926-45). Goodman and Gilman’s The Pharma-
cological Basis of Therapeutics, eds Gilman AG, Goodman LS, Rall TW,
Murad F. MacMillan Publishing Company, New York (7th edition: copyright
1985).

Angina Pectoris: Prinzmetal’s Variant Angina
Nifedipine

Cellular/Molecular Mechanism of Action: Nifedipine func-
tions as a calcium-blocking agent.

Application: Characterization of the cause of thoracic pain (e.g.,
angina) and the responsiveness of coronary vessels to vasodilatory
intervention.

Background Information: Prinzmetal’s variant angina is a
classification for a subtype of angina pectoris characterized by the
onset of attacks during periods of rest, while exercise capacity is well
preserved and attacks are associated with electrocardiographic evi-
dence of S-T segment elevations.

Implementation: Evaluation of angina pectoris conditions using
responses to nifedipine administration as a diagnostic parameter.

Human Model: Cases with variant angina pectoris (e.g., n =

12; 44 to 67 years of age [e.g. n = 5/12 with vasospasm of the left
anterior descending coronary artery; n = 7/12 with spasm of a dom-
inant right coronary artery). The frequency of anginal attacks per 24
hours can vary stubstantially (e.g., n = 1 to 12/24 hrs) with ventricu-
lar tachycardia episodes being accompanied by (i) ischemic episodes
(e.g., n = 7/12 cases) and (ii) high grade atrioventricular block (e.g.,
n = 2/12 cases).
Interpretation and Analysis: Nifedipine administration results
in a high percentage of cases demonstrating profound improvement
and relief of clinical signs (e.g., n = 11/12 patients), many of which
experience a long-term benefit (e.g., n = 7/11). Withdrawal of
nifedipine frequently leads to recurrence of angina (e.g., n = 6
episodes per 4 cases).

Provocative testing with the aid of cardiac catheterization proce-
dures in concert with the cold pressor test or ergonovine maleate
before and after nifedipine administration demonstrates that this
agent is capable of blocking both a-adrenergic and ergonovine-
induced vasospasms. Nifedipine may have a significant role in the
diagnosis and therapy of angina caused by coronary spasm.

Nifedipine in the treatment of Prinzmetal’s (variant) angina. Goldberg S,
Reichek N, Wilson J, Hirshfeld JW Jr, Muller J, Kastor JA. Am J Cardiol
1979 Oct 22; 44 (5), pp. 804-10.

Angina Pectoris: Prinzmetal’s Variant Angina (PVA)
Ergonovine Maleate

Physiological Mechanism of Action: Coronary artery spasm
can be induced by acetylcholine, serotonin, ergonovine, or hista-
mine, all of which cause vasodilation when the endothelium is intact
by releasing nitric oxide (NO). In conditions of coronary artery
spasm, acetylcholine induces a spasmodic response that can be
promptly relieved by nitroglycerin, which promotes vasodilation
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through a direct action on vascular smooth muscle. Such finding
imply that some form of abnormally in endothelial integrity exists in
conditions of coronary spasm that can be accentuated by acetyl-
choline and histamine, and to a lesser by ergonovine and serotonin.
In general, all ergot alkaloids exert their biological effect as partial
agonists or antagonists at adrenergic, dopaminergic, and tryptamin-
ergic receptor complexes. Effects of full agonists like norepinephrine
are usually augmented by low ergot alkaloid concentrations. Similar-
ly, the contractile response to agents like acetylcholine can some-
times be augmented by low ergot alkaloid concentrations.
Application: Ergonovine maleate (IV) is sometimes used as a
diagnostic aid for detecting/characterizing PVA conditions. The cold
pressor test is also used in a similar diagnostic manner.
Background Information: Prinzmetal’s variant angina is a
classification scheme for a subtype of angina pectoris in which
attacks are experienced at rest, while exercise capacity is well pre-
served and attacks are associated with electrocardiographic evidence
of S-T segment elevations.

Considerations: Prinzmetal’s variant angina is a form of angina
caused by coronary-artery vasospasm (CAS) that is not associated
with exertion. Nitrates, adrenergic-blocking agents, and calcium-
channel blocking agents can be used in the treatment of PVA condi-
tions. Nitroglycerin and isosorbide dinitrate effectively relieve CAS.
However, long-term prospective studies on the use of these drugs for
PVA are lacking in the literature. Studies on treating PVA with
adrenergic-blocking agents have been equivocal, with some studies
reporting improvement and some reporting worsening. Calcium-
channel blocking agents are promising drugs for PVA. Nifedipine is
generally considered the prototype of this class for antianginal activ-
ity. It is effective when administered orally in PVA conditions. Side
effects are mild and do not usually require termination of therapy.
Verapamil hydrochloride, the prototype calcium-channel blocking
agent for arrhythmias, is effective for PVA, but only 10-20% of an
orally administered dose reaches systemic circulation because of the
hepatic first-pass effect. Other calcium-channel blockers, including
perhexilene maleate, diltiazem hydrochloride, prenylamine, and lid-
oflazine, have been tested in a few CAS cases with some success;
adverse effects and toxicities limit the use of some of these agents,
especially perhexilene. Therapy, using combinations of nitrates,
adrenergic-blocking agents, and calcium-channel blocking agents, is
needed in some patients. Dosing guidelines for all drugs have been
described (see citation). Treatment of PVA should begin with oral
nitrates. Calcium-channel blocking agents are indicated in cases that
fail to respond or that are intolerant to maximum doses of nitrates
given in various forms.

Interpretation and Analysis: Prinzmetal’s variant angina is
diagnosed by history, electrocardiogram, or coronary-artery angiog-
raphy.

Diagnosis and treatment of Prinzmetal’s variant angina. McMahon MT,
McPherson MA, Talbert RL, Greenberg B, Sheaffer SL. Clin Pharm 1982
Jan-Feb; 1 (1), pp. 34-42.

Angina Pectoris: Prinzmetal’s Variant Angina (PVA)/
Vascular Response Testing
Methylergonovine Maleate/Nifedipine

Cellular/Molecular Mechanism of Action: Methylergono-
vine maleate (methergine) directly binds and positively activates at
a submaximal level tryptaminergic, and a-adrenergic receptor com-
plexes but to a lesser extent than does ergotamine. At dopamin-
ergic receptor complexes, ergonovine functions as a weak antago-
nist. At both tryptaminergic and dopaminergic sites, ergonovine
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can exert both partial agonist and antagonist properties at certain
CNS sites. In various smooth muscle tissues, the compound exerts
antagonist properties. Nifedipine functions as a calcium inhibitor.
Physiological Mechanism of Action: Promotes vasoconstric-
tion of both venous and arterial structures through direct vascular
smooth muscle stimulation. Systemic administration can produce
elevations in blood pressure due to peripheral vasoconstriction.
Ergonovine produces coronary artery vascular responses that can be
detected as ischemic patterns on EKG tracings and angina pain in
cases with coronary artery disease. Bradycardia is often induced by
ergot alkaloids even when no elevations in blood pressure are evi-
dent, due in part to increased vagal activity, and to a lesser extent,
diminished CND sympathetic tone and direct-acting myocardial
depression.

Coronary spasm is induced by acetylcholine, serotonin,
ergonovine, or histamine, all of which cause vasodilation when vas-
cular endothelial cell layers are intact. The response can be promptly
relieved by nitroglycerin, which promotes vasodilation through a
direct action on vascular smooth muscle. In general, all ergot alka-
loid exert their biological effect as partial agonists or antagonists at
adrenergic, dopaminergic, and tryptaminergic receptors. Effects of
full agonists like norepinephrine are usually augmented by low ergot
alkaloid concentration. The contractile response to agents like
acetylcholine can sometimes be augmented by low ergot alkaloid
concentrations.

Application: Detection of PVA cases applying 3 challenge
schedules.

Route of Administration: Intravascularly infused (injected)
directly into the coronary artery.

Dosage: Nifedipine (0.2 mg).

Considerations: Coronary spasm, frequently recognized during
coronary arteriography procedures in cases with PVA, can be treated
with intravenous or intracoronary injections of nitroglycerin or
nifedipine.

Implementation: Evaluation of vascular spasm responses and
the capacity of nifedipine administration to suppress vasoconstric-
tive responses.

Interpretation and Analysis: Nifedipine (0.2 mg) injected
directly into the involved artery suppresses vascular spasms in
approximately 75% (e.g., n = 9/12 cases). In the residual 25% of
cases (e.g., n = 3/12) nifedipine increases coronary sinus flow that
had been decreased by spasm responses in 1 of the branches of the
left coronary artery. Patients with PVA that have spasm superim-
posed on atherosclerotic lesions can benefit from coronary arterial
bypass grafting combined with partial denervation of the heart. This
combination yields acceptable results (83.4% favorable outcome);
recurrence of attacks occurs in only 6.7% of cases of this profile
type. In those forms of angina in which spasm occurs in angiograph-
ically-normal coronary arteries, medical rather than surgical inter-
vention is preferred for therapeutic management. In conditions treat-
ed with oral nifedipine (30—40 mg/day), suppression of attacks can
be achieved in a relatively large percentage of cases (e.g.,
n = 11/13). During periods of treatment, the methergine provocative
test, which is consistently positive prior to treatment subsequently
converts to negative (e.g. n = 12/12 cases). Transient withdrawal
of nifedipine may cause recurrence of pain in some cases (e.g. n =
2).

Oxytocin, Prostaglandin, Ergot Alkaloids, and Tocolytic Agents. Rall TW,
Schleifer LS (Chapter 39: pp. 926-45). Goodman and Gilman’s The Pharma-
cological Basis of Therapeutics, eds Gilman AG, Goodman LS, Rall TW,
Murad F. MacMillan Publishing Company, New York (7th edition: copyright
1985).

Myocardial Infarction
[Antimyosin]-PEG/Liposomes/PEG and Selective
Antibody Content/[Nuclear Scintigraphy]

Cellular/Molecular Mechanism of Action: Liposomes func-
tion as a physical barrier to dilution of pharmaceutical agents into
biological fluids, prevent accelerated excretion or metabolism, and
serve as a potential modality for selective delivery at “high” concen-
trations.

Background Information: Experimental myocardial infarction
in rabbits can be detected as a function of their biodistribution pat-
terns and relative size of infarct accumulations utilizing different
liposome preparations.

Application: Liposomes formulated with optimized concentra-
tions of poly(ethylene glycol) (PEG) and antimyosin immunoglobu-
lin can function as a delivery format for the detection and character-
ization of experimental lesions of myocardial infarction.

Route of Administration: Intravenous.

Implementation: Delineation of the influence of parameters
such as liposome size and presence or absence of PEG and infarct-
specific antimyosin antibody (AM) on in vivo liposome biodistribu-
tion.

Interpretation and Analysis: The variables of liposome size,
PEG content, and infarct-specific antimyosin antibody all affect pat-
terns of liposome biodistribution. Liposome size is the least signifi-
cant variable. Statistical analysis reveals that of all variables, PEG
coating expresses the strongest influence on liposome blood clear-
ance, significantly (p = 0.0001) increasing the mean level of blood
radioactivity in all conditions. Infarct accumulation depends upon
the presence of both PEG (p = 0.0013) and antimyosin monoclonal
antibody content (p = 0.005). The infarct-to-normal accumulation
ratio is affected by the presence of antimyosin monoclonal antibody
(p = 0.0002), but the extent of the effect depends also on the pres-
ence of PEG (p = 0.01). The 2 different mechanisms of slow accu-
mulation via the impaired filtration (accumulation of PEG-
liposomes), and specific binding of immunoliposomes with the ex-
posed antigen (AM-liposomes), collectively contribute to the devel-
opment of relatively high target-to-background ratios. Both mecha-
nisms are supplementary (complementary) in scenarios of liposomes
carrying PEG and AM simultaneously. Multiple strategies exist for
futher optimizing PEC/AM liposome preparations as a selective
delivery modality.

Poly(ethylene glycol)-coated anticardiac myosin immunoliposomes: Factors
influencing targeted accumulation in the infarcted myocardium. Torchilin VP,
Narula J, Halpern E, Khaw BA. Biochim Biophys Acta 1996 Feb 21; 1279
(1), pp. 75-83.

Myocardial Infarction
Antimyosin Monoclonal Antibody/[Nuclear
Scintigraphy]

Application: Non-invasive in vivo detection of acute myocardial
infarction.

Route of Administration: Antimyosin monoclonal antibody
(intravenous).

Design and Validation: Antimyosin antibody preparations
have been development as a diagnostic imaging platform for the in
vivo detection of acute myocardial infarction. Through its applica-
tion in this capacity, it has subsequently became apparent that anti-
myosin antibody can detect the presence of an assortment of other
disease states affecting the heart where the hallmark of the patho-
genesis of the condition includes myocyte necrosis. Consistent with



this concept, antimyosin antibody has been used as a non-invasive
imaging agent for the diagnosis of acute myocarditis, heart trans-
plant rejection, drug-induced cardiotoxicity, and other cardiomyo-
pathies.

Clinical experience gained with first-generation antimyosin mon-

oclonal antibody preparations has served as a foundation for the
design of second-generation monoclonal antibodies such as antifib-
rin and antiplatelet immunoglobulins used in the in vivo diagnosis of
deep venous thrombosis of the upper limbs, pulmonary embolism,
and antiatherosclerotic lesion-specific antibody for diagnosis of
metabolically active lesions. Potential candidates for the class of
third-generation monoclonal antibodies includes ultrasmall antigen-
binding immunoglobulin fragments or synthetic peptides and nega-
tive charge-modified antibodies.
Interpretation and Analysis: Positive accumulation of anti-
myosin monoclonal antibody within a region of the myocardium is
an indication of the presence of some type of cellular injury within
the heart (e.g., ischemia/ischemic necrosis). Antimyosin prepara-
tions have also been used clinically for non-invasive diagnosis of
acute myocarditis, heart transplant rejection, drug-induced cardio-
toxicity, and other cardiomyopathies.

Antibody imaging in the evaluation of cardiovascular diseases. Khaw BA,
Narula J. J Nucl Cardiol 1994 Sep-Oct; 1 (5 Pt 1), pp. 457-76.

Myocardial Infarction (MI)/Innervation:
Heterogeneous Cardiac Sympathetic Innervation
[*'1]-Meta-lodobenzylguanidine (MIBG)/[**1]-
lodocyanopindolol (ICYP)/[Nuclear Scintigraphy]

Cellular/Molecular Mechanism of Action: Meta-iodoben-
zylguanidine is a norepinephrine analog. Iodocyanopindolol is a 3-
adrenoreceptor ligand.
Application: Detection and characterization of MI lesions.
Route of Administration: ['*'I]-meta-iodobenzylguanidine
(MIBG) and [1251]—i0docyanopindolol (ICYP) are both administered
intravenously.
Implementation: Evaluation of cardiac neuronal function and
beta-receptor expression with a dual-tracer method utilizing ['*'T]-
meta-iodobenzylguanidine (MIBG) and ['*I]-iodocyanopindolol
(ICYP) in rat heart failure after MI.

Animal Model: Rat (MI).
Interpretation and Analysis: In rats with MI, left ventricular
(LV) systolic function is decreased, and LV dimension and right ven-
tricular (RV) mass increase gradually. Accumulations of ['*'1]-meta-
iodobenzylguanidine (MIBG) within non-infarcted LV (remote
region) and RV are decreased by 15% at 1 week compared with
sham-operated in vivo models. These same accumulations are re-
stored by 71% and 56%, respectively, at 24 weeks compared with
age-matched sham in vivo models despite sustained depletion of
myocardial norepinephrine contents within these anatomical regions.
Accumulations of [1251]-iodocyanopindolol (ICYP) in the remote
region and in the RV do not decrease during any stage. Myocardial
MIBG distribution is heterogeneous at 1 week and lower in the peri-
infarcted region than in the remote region, associated with reduced
ICYP accumulation in the peri-infarcted region. At week 12, the het-
erogeneous distribution of both isotopes disappears. Thus cardiac
sympathetic neuronal alteration appears to be coupled with a down-
regulation of beta-receptors in heart failure after myocardial infarc-
tion. The abnormal adrenergic signaling occurs heterogeneously in
terms of ventricular distribution and time course after myocardial
infarction.
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Heterogeneous cardiac sympathetic innervation in heart failure after myocar-
dial infarction of rats. Igawa A, Nozawa T, Yoshida N, Fujii N, Inoue M,
Tazawa S, Asanoi H, Inoue H. Am J Physiol Heart Circ Physiol 2000 Apr;
278 (4), pp. H1134-41.

Myocardial Infarction: Myocardial Potassium (K*)
Glibenclaminde/Pinacidil/Bumetanide/Triphenyl
Tetrazolium Chloride/Evans Blue Dye/[87 Rb]/[Nuclear
Scintrigraphy]

Cellular/Molecular Mechanism of Action: (i) Rubidium ion
(Rb")is a K" tracer element; (ii) glibenclamide is a blocker of ATP-
sensitive K* channels; (iii) pinacidil is a K"(ATP) opener; (iv)
bumetanide is a K'/Na'/2Cl™ co-transporter inhibitor.
Application: [*"Rb] can be applied in MRI procedures to identify
and characterize myocardial infarcts. Evans blue and triphenyl tetra-
zolium chloride staining can be applied to delineate areas at risk
(AAR) and areas of necrosis, respectively.

Dosage: Glibenclamide (3 wM); pinacidil (10 wM); bumetanide
(10 uM).

Implementation: Delineation of the effect of drugs that can
modulate passive permeability of K* into cardiomyocytes in normal
and reperfusion-damaged cardiac muscle. Rubidium ion (Rb") is
used as a K™ tracer and [*’Rb] MRI as a detection method. Prepara-
tions are incubated in buffer containing either (i) glibenclamide, (ii)
pinacidil, (iii) bumetanide, or (iv) no drug (control). Upon reperfu-
sion, 3-dimensional [*’Rb] MR images are acquired to obtain kinet-
ics profiles of [Rb"] uptake and its distribution. Areas at risk and
areas of necrosis are determined by Evans blue dye and triphenyl
tetrazolium chloride staining techniques, respectively.

Animal Model: Swine (left anterior descending artery [LAD]

of isolated pig hearts perfused with Krebs-Henseleit buffer [KHB]
occluded for 2 hours and subsequently reperfused for 2 hours with
KHB containing 4.7 mM RbCl instead of KCI).
Interpretation and Analysis: The kinetics remain monoexpo-
nential in the affected anterior wall and the uptake rates are approxi-
mately 32%, 36%, 37%, and 21% of that in the posterior wall in the
control, glib, pin, and bum groups, respectively. Infarct sizes deter-
mined histologically as a percentage of total ventricular (left + right)
mass (14%—-22%) correspond to the size of areas with 20% to 40% of
maximal Rb image intensity [Ig,""™ 15%-22%], except for values
observed with pinacidil (12.5% vs 21%). The sizes of areas with
20% to 50% of IRbMa" (30%—-36%) closely correlate with those of
AAR determined histologically (31-33%). Lactate dehydrogenase
release does not differ between any of the preparations. Therefore, (i)
reperfusion damage quickly inhibits [Rb* Juptake; (ii) [Rb*] uptake
in normal and reperfused tissue does not significantly depend on
K*(ATP) or the K*/Na*/2Cl™ co-transporter; and (iii) areas with
20%—-40% of maximal image intensity correspond to areas of infarct
lesions.

The effects of drugs modulating K(+) transport on Rb(+) uptake and distri-
bution in pig hearts following regional ischemia: (87)Rb MRI study.
Kupriyanov VV, Xiang B, Sun J, Jilkina O. NMR Biomed 2002 Aug; 15 (5),
pp. 348-55.

Myocardial Infarction (Acute)/Prognosis: Mortality
Prediction
Streptokinase (SK) Response

Cellular/Molecular Mechanism of Action: Streptokinase pro-
motes fibrinolytic activity.



28 SECTION 1 BODY SYSTEMS

Application: Promotion of biochemical fibrinolysis activity in
conditions of acute stroke or myocardial infarction.
Route of Administration: Streptokinase (intravascular).
Implementation: Determination of the relationship between
response to SK and troponinT (TnT) concentrations in cases of acute
myocardial infarction.

Human Model: Acute myocardial infarction (AMI) (e.g.,n =
76 AMI cases) assessed follow hospital admission.
Interpretation and Analysis: Approximately 37% of TnT pos-
itive cases display a response to SK (e.g., n = 10/27) as determined
by non-invasive criterion for reperfusion. Conversely, approximately
49% of TnT negative cases respond to SK (n = 24/49). There
appears to be a trend toward a better response to SK in TnT cases.
The mean time interval between the onset of symptoms and throm-
bolytic treatment among TnT positive “non-responders” is signifi-
cantly (p < 0.005) higher than with TnT negative “non-responders”
(5.23 + 3.42 hours vs 2.38 = 1.37 hours). During reevaluations at 18
months, a higher mortality rate (33%) can be appreciated with TnT
positive cases compared to TnT negative cases (10%). Mortality
among TnT positive “non-responders” is significantly higher (p =
0.0494) than mortality among TnT negative “non-responders” (43 vs
9%), indicating that TnT positive cases , non-responsive to SK, are at
a greater risk of cardiac death. Such findings suggest that TnT levels
at admission can be of value in risk stratification of AMI conditions.

Admission troponin T as a prognostic marker and its relationship to strepto-
kinase treatment patients with acute myocardial infarction. Kazmi KA, Igbal
MP, Rahbar A, Mehboobali N. Trop Doct 2003 Jan; 33 (1), pp. 18-22.

Myocardial Infarction (Ml)/Salvage of Myocardium
as a Function of Infarct Location/Anterior Wall -vs-
Posterior Wall Ml Size Reduction
AMP579/[*°™Tc]-SestaMIBI/[Nuclear Scintigraphy]

Cellular/Molecular Mechanism of Action: AMP579 is a
mixed adenosine agonist with both A1 and A2 effects.
Background Information: Evidence suggests that myocardial
ischemic preconditioning and reperfusion injury may be mediated by
adenosine Al and A2 receptors. In animal models of acute MI,
AMPS579 reduces infarct size at serum levels of 15 to 24 ng/mL.
Application: Establishing predictive indicators for myocardial
salvage as a function of infarct location.

Route of Administration: AMP579 (6-hour continuous infu-
sion).

Dosage: AMPS579 (multiple including 60 pg/kg).
Considerations: Placebo-controlled studies can be employed.
Implementation: Evaluation of the influence of 3 different
AMP579 doses infused continuously over a 6-hour period. The
primary end point is final MI size measured by technetium [**™Tc]-
sestaMIBI scanning at 120 to 216 hours following percutaneous
transluminal coronary angioplasty (PTCA). Secondary end points
include (i) myocardial salvage and salvage index at the same time
interval (case subset subjected to baseline technetium [**™Tc]-
sestaMIBI scan); (ii) left ventricular ejection fraction and heart fail-
ure at 4 to 6 weeks; (iii) duration of hospitalization, and (iv) cardiac
events at 4 weeks and 6 months.

Human Model: Cases undergoing primary PTCA after acute
S-T segment elevation myocardial infarction (n = 311).
Interpretation and Analysis: Final infarct size does not differ
among case groups receiving either AMP579 or placebo pertaining
to either anterior myocardial infarction or non-anterior myocardial
infarction. For cases with anterior myocardial infarction, median
myocardial salvage is increasingly higher in groups receiving as-
cending dosages of AMP579 plus PTCA. Serum levels approaching

levels shown to reduce infarct size in animal models can be achieved
only with 60 pg/kg dose levels. AMP579 is safe at the doses tested,
but it does not reduce infarct size. There is a trend toward greater
myocardial salvage in treated patients with anterior MI.

A randomized, double blinded, placebo-controlled, dose-ranging study meas-
uring the effect of an adenosine agonist on infarct size reduction in patients
undergoing primary percutaneous transluminal coronary angioplasty: The
ADMIRE (AmP579 Delivery for Myocardial Infarction REduction) study.
Kopecky SL, Aviles RJ, Bell MR, Lobl JK, Tipping D, Frommell G, Ramsey
K, Holland AE, Midei M, Jain A, Kellett M, Gibbons RJ. Am Heart J 2003
Jul; 146 (1), pp. 146-52.

Myocardial Infarction/Superoxide Anion
Production/Mitochondrial [K*/ATP] Channels
Fluorescent Probe/[K" /ATP] Channel Blocker/Vitality
Stain/Triphenyltetrazolium (Myocardial
Infarct)/Dihydroethidium (Fluorescent Probe)/5-
Hydroxydecanoate (5-HD = K*/ATP Channel Blocker)

Cellular/Molecular Mechanism of Action: Dihydroethidium
emits fluorescent color when exposed to certain wavelengths of light
energy. 5-Hydroxydecanoate inhibits the cellular function of mem-
brane-associated K*/ATP channels.

Background Information: Itis unknown if the opening of mito-
chondrial adenosine triphosphate-regulated potassium (K*/ATP)
channels is a trigger or an end effector of anesthetic-induced precon-
ditioning.

Application: Assess superoxide anion production.
Implementation: Determination if opening of mitochondrial
K*/ATP channels in vivo triggers isoflurane-induced precondition-
ing by generating reactive oxygen species (ROS). To achieve this
purpose, the fluorescent probe dihydroethidium can be used to assess
superoxide anion production during the administration of 5-HD or
the ROS scavengers N-acetylcysteine or N-2-mercaptopropionyl
glycine (2-MPG) in the presence or absence of 1.0 MAC isoflurane.
Myocardial infarct size and superoxide anion production can be
measured using triphenyltetrazolium staining and confocal fluores-
cence microscopy, respectively.

Animal Model: Rabbit (pentobarbital anesthetized) subjected
to a 30-minute coronary artery occlusion followed by a 3-hour peri-
od of reperfusion. Rabbits can be randomly assigned to receive a
vehicle (0.9% saline) or the selective mitochondrial K*/ATP channel
blocker, 5-hydroxydecanoate (5-HD) alone 10 minutes before or
immediately after a 30-minute exposure to 1.0 minimum alveolar
concentration (MAC) isoflurane.

Interpretation and Analysis: Isoflurane (p < 0.05) decreases
infarct size to 19 = 3% (mean = SEM) of the left ventricular area at
risk as compared to the control (38 * 4%). 5-HD administered
before but not after isoflurane abolishes this beneficial effect (37 *
4% as compared to 24 = 3%). 5-HD alone has no effect on infarct
size (42 £ 3%). Isoflurane increases fluorescence intensity. Pretreat-
ment with N-acetylcysteine, 2-MPG, or 5-HD before isoflurane
abolishes increases fluorescence, but administration of 5-HD after
isoflurane only partially attenuates increases in fluorescence pro-
duced by volatile anesthetic agents (e.g., isoflurane). Therefore,
mitochondrial K*/ATP channel opening acts as a trigger for isoflu-
rane-induced preconditioning by generating ROS in vivo.

Instrumentation: Confocal fluorescence microscopy.

Mitochondrial adenosine triphosphate-regulated potassium channel opening
acts as a trigger for isoflurane-induced preconditioning by generating reactive
oxygen species. Tanaka K, Weihrauch D, Ludwig LM, Kersten JR, Pagel PS,
Warltier DC. Anesthesiology 2003 Apr; 98 (4), pp. 935-43.



ANGINA: NON-CARDIAC-ASSOCIATED
THORACIC PAIN

Angina: Thoracic Pain of Non-Cardiac Origin
Atropine

Cellular/Molecular Mechanism of Action: Atropine blocks
muscarinic parasympathetic (cholinergic) receptor complexes.
Physiological Mechanism of Action: Parasympatholytic
effect.
Background Information: Intraesophageal balloon distension
has been introduced recently as a provocative test for the assessment
of non-cardiac chest pain.
Application: Differentiation between angina of cardiovascular
origin and non-cardiovascular associated chest pain.
Route of Administration: Atropine (intravenous)
Dosage: Atropine (10 pg/kg)
Implementation: Evaluation of the effect of balloon location
and muscarinic blockade on distension-induced pain in, asympto-
matic normal controls studied on 2 separate days using a low-
compliance perfused manometry system incorporating a silicone
rubber balloon. Five-second-duration balloon distensions using bal-
loon volumes of 2.5, 5, 7.5, and 10 ml of air are performed with the
balloon located both 16 cm (proximal site) and 6 cm (distal site)
above the lower esophageal sphincter (LES) before and after admin-
istration of atropine or placebo in a randomized double blind fash-
ion. A standardized scoring system can be used to assess balloon dis-
tension-induced pain.

Human Model: Cases classified as asymptomatic male volun-
teers (e.g. n = 10).
Interpretation and Analysis: Pain scores vary directly with
balloon volume but are consistently higher with the balloon located
at the proximal site vs the distal site. This is usually not associated
with any differences in intraballoon pressures between the 2 sites;
however, contraction amplitude orad to the balloon is greater with
balloon distension at the proximal site. Atropine significantly de-
creases pain sensation scores with the balloon located distally but not
proximally. Such attenuation is not associated with significant
changes in intraballoon pressures; however, contractions orad to the
balloon are markedly inhibited by atropine with distal but not with
proximal distension. Such findings indicate that balloon distension-
induced pain varies depending on the location of distension. This dif-
ference can not be explained by differences in esophageal wall ten-
sion at the site of distension.

Effect of intraesophageal location and muscarinic blockade on balloon dis-
tension-induced chest pain. Paterson WG, Selucky M, Hynna-Liepert TT.
Dig Dis Sci 1991 Mar; 36 (3), pp. 282-8.

Angina Pectoris: Thoracic Pain of Non-Cardiac
Origin
Edrophonium Chloride

Cellular/Molecular Mechanism of Action: Edrophonium
binds to and directly inactivates the biochemical activity of acetyl-
choline esterase. As a consequence of acetylcholine esterase inhibi-
tion, acetylcholine neurotransmitter concentrations accumulate with-
in the synaptic cleft, thereby increasing the (over) stimulation of
cholinergic receptor complexes.

Physiological Mechanism of Action: Promotes increases in
parasympathetic tone (parasympathomimetic).

Application: Assessment of non-cardiac chest pain (NCCP).
Route of Administration: Intravenous.

CHAPTER 1T CARDIOVASCULAR SYSTEM 29

Dosage: Alternating doses of edrophonium (80 pg/kg bolus com-
pared to a 10 mg bolus).
Implementation: Distal esophageal pressures can be measured
before and after pharmaceutical injection in response to 10 5 cc wet
swallows.

Human Model: Study of 150 consecutive NCCP patients and
50 age-matched controls that alternatively receive either 80 ng/kg or
10 mg intravenous bolus doses of edrophonium preceded by saline
placebo injections.
Interpretation and Analysis: Side effects are similar between
doses, but there is a significant (p = 0.02) linear relationship
between intensity of side effects and the edrophonium dose per kilo-
gram of body weight. Edrophonium (10 mg) produces chest pain
sensations (e.g., 33% of cases) and control subjects (e.g., 4%) while
29% of cases and no controls receiving an 80 wg/kg dose experience
chest pain sensations. Amplitude changes after either dose are not
significantly different for all comparisons, but the duration of
response does distinguish the 2 doses in cases with chest pain. A sig-
nificantly greater (p = 0.01) increase in distal contraction duration
occurs after 10 mg (74 = 12% SE) compared to 80 pg/kg doses (43
=+ 6%). However, individual response to the 2 doses overlaps consid-
erably. If a positive test is redefined to include both chest pain and
manometric changes that are significantly different from controls,
the positivity rate changes drastically: 33% to 9% in the 10 mg group
and 30% to 3% in the 80 wg/kg group.

Anticholinesterase Agents. Taylor P (Chapter 6: pp. 113-29). Goodman and
Gilman’s The Pharmacological Basis of Therapeutics, eds Gilman AG, Good-
man LS, Rall TW, Murad F. MacMillan Publishing Company, New York (7th
edition: copyright 1985).

Edrophonium provocative test in non-cardiac chest pain. Evaluation of
testing techniques. Dalton CB, Hewson EG, Castell DO, Richter JE. Dig Dis
Sci 1990 Dec; 35 (12), pp. 1445-51.

Angina Pectoris/Thoracic Pain of Non-Cardiac
Origin/Esophogeal Motor Activity Differential
Diagnosis

Ergonovine Maleate

Physiological Mechanism of Action: Coronary artery spasm
can be induced by acetylcholine, serotonin, ergonovine, or hista-
mine, all of which cause vasodilation when the endothelium is intact
by releasing nitric oxide (NO). In conditions of coronary artery
spasm, acetylcholine induces a spasmodic response that can be
promptly relieved by nitroglycerin, which promotes vasodilation
through a direct action on vascular smooth muscle. Such finding
imply that some form of abnormally in endothelial integrity exists in
conditions of coronary spasm that can be accentuated by acetyl-
choline and histamine, and to a lesser by ergonovine and serotonin.
In general, all ergot alkaloids exert their biological effect as partial
agonists or antagonists at adrenergic, dopaminergic, and tryptamin-
ergic receptor complexes. Effects of full agonists like norepinephrine
are usually augmented by low ergot alkaloid concentrations. Similar-
ly, the contractile response to agents like acetylcholine can some-
times be augmented by low ergot alkaloid concentrations.
Implementation: Evaluation of angina pectoris—like chest pain
cases that have been excluded from having significant coronary heart
disease by cardiac catheterization procedures utilizing ergonovine
maleate (EM) to determine if esophageal motor activity is the cause
of clinical signs.

Human Model: Angina pectoris—like chest pain cases that
have been excluded from having significant coronary heart disease
by cardiac catheterization procedures (e.g., n = 18),
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Interpretation and Analysis: Over half of such cases (e.g.,
n = 12/18 or 66%) can demonstrate abnormal baseline levels of
esophageal motility. Following the injection of EM, a number of
cases will experience a typical form of chest pain (e.g., n = 10/18) at
the onset of repetitive contractions. Such provocative tests aid in
delineating a direct association between chest pain and esophageal
dysfunction. Compared with saline injection, only the repetitive con-
tractions are significantly increased after AM in such cases (p =
0.01). Amplitude and duration of contractions are increased after
EM, but not significantly. Due to potentially serious adverse effects,
however, EM cannot be recommended as a routine provocative agent
for establishing a differential diagnosis of angina pectoris—like chest
pain.

Ergonovine-induced esophageal spasm in patients with chest pain resembling
angina pectoris. Koch KL, Curry RC, Feldman RL, Pepine CJ, Long A,
Mathias JR. Dig Dis Sci 1982 Dec; 27 (12), pp. 1073-80.

Angina Pectoris/Thoracic Pain of Non-Cardiac
Origin/Esophagitis/Gastroesophogeal Reflux
Disease (GERD)/MIBI Negative NCCP
High-Dose Omeprazole/[**"Tc-SestaMIBI]

Cellular/Molecular Mechanism of Action: Omeprazole
inhibits H"/K"-ATPase that exchanges hydrogen ion for potassium
ion within parietal cell populations. In this fashion, less hydrochloric
acid is available for secretion into the gastric lumen. ['231]—meta—
iodobenzylguanidine functions as an analog of norepinephrine.
Background Information: Non-cardiac chest pain (NCCP)
presents as a frequent diagnostic challenge, with affected cases tend-
ing to use a disproportionate level of health care resources. Gastro-
esophageal reflux disease is the most frequent cause of NCCP.
Application: Detection of NCCP etiologies due to esophagitis
and gastric esophageal reflux disease in order to avoid nuclear
scintigraphy evaluation of cardiac function/physiology.

Route of Administration: Omeprazole (oral).

Dosage: Omeprazole (40 mg twice daily).

Considerations: Gastroesophageal reflux disease is the most fre-
quent cause of NCCP rest/stress perfusion.

Implementation: Evaluation of recurrent chest pain conditions
utilizing a prospective, double blinded, placebo-controlled, cross-
over trial using high-dose omeprazole. Findings are then compared
with those of endoscopy, manometry, and ambulatory 24-hour 2-
channel esophageal pH monitoring. Initial diagnostic upper
endoscopy, esophageal manometry, and 24-hour pH monitoring can
also applied to establish evaluation parameters. Cases are then ran-
domly assigned to either placebo or omeprazole for 14 days, washed
out for 21 days, and then crossed over. Clinical symptoms are deter-
mined using a Visual Analogue Scale to measure the severity of chest
pain before and after each period.

Human Model: Cases (n = 18 men; n = 24 women; age 22—
77 years) with recurrent complaints of chest pain of a non-cardiac
etiology, as determined by rest/stress perfusion imaging with tech-
netium [**"Tc]-sestaMIBL
Interpretation and Analysis: Improvement in perceived chest
pain can be detected in approximately 71% of cases receiving
omeprazole compared to only 18% for placebo reference controls.
Abnormal results on manometry (20%), 24-hour pH monitoring
(42%), or endoscopy with visual evidence of esophagitis (26%) can
be appreciated less frequently. Combination of the 3 tests does not
significantly increase their usefulness. In NCCP patients with
GERD, as defined by positive results on a 24-hour pH test or pres-
ence of esophagitis on endoscopy, omeprazole treatment results in a

response in 95% of cases, whereas 90% of GERD-positive patients
treated with placebo do not respond. Of NCCP patients determined
to be GERD negative, approximately 39% will respond to omepra-
zole. Therefore, omeprazole as a first diagnostic tool in the evalua-
tion of MIBI-negative NCCP is sensitive and specific for determin-
ing the cause of NCCP. Endoscopy, manometry, and 24-hour pH
monitoring are not only less sensitive in diagnosing NCCP, but they
were significantly more expensive.

Short course of omeprazole: A better first diagnostic approach to non-cardiac
chest pain than endoscopy, manometry, or 24-hour esophageal pH monitor-
ing. Pandak WM, Arezo S, Everett S, Jesse R, DeCosta G, Crofts T, Gennings
C, Siuta M, Zfass A. J Clin Gastroenterol 2002 Oct; 35 (4), pp. 307-14.

Angina Pectoris/Thoracic Pain of Non-Cardiac
Origin/Gastric Reflux -vs- Cardiac-Associated Pain
Lansoprazole

Physiological Mechanism of Action: Lansoprazole reduces
gastric acid production.
Application: Potential detection of gastric function/acid produc-
tion as a cause for non-cardiac chest pain. The agent could possibly
be used as a screening diagnostic agent prior to performing cardiac
angiography and possibly gastric endoscopy studies.
Route of Administration: Lansoprazole (oral).
Dosage: Lansoprazole (30 mg).
Implementation: Evaluation of the influence of lansoprazole on
non-cardiac thoracic pain applying 24-hour ambulatory esophageal
pH monitoring (daily for 4 weeks duration). Chest pain symptoms
are then recorded before and 1 month after treatment validated by the
use of a questionnaire. The symptom score is calculated by multiply-
ing the severity and frequency of the symptom and symptom im-
provement defined as > 50% reduction in the symptom score.
Human Model: Cases suffering from chest pain that have
normal angiography imaging profiles and are without gastric or
esophageal lesions (n = 68; n = 36 lansoprazole, n = 32 placebo).
Interpretation and Analysis: Symptom scores are reduced sig-
nificantly in both groups (p < 0.001). In cases receiving lansopra-
zole, more individuals with vs without abnormal reflux show symp-
tomatic improvement (92 vs 33%; odds ratio = 22; 95% confidence
interval, 2.3-201.8; chi®* = 10.9; p = 0.001), giving a sensitivity,
specificity, positive predictive value, negative predictive value, and
accuracy of 92%, 67%, 58%, 94%, and 75%, respectively. Alterna-
tively, cases receiving a placebo display rates of symptom improve-
ment that are similar between those with and without abnormal
reflux (33 vs 35%, p = ns). Treatment with lansoprazole is a useful
test in diagnosing endoscopy-negative gastroesophageal reflux dis-
ease in cases with non-cardiac chest pain.

Symptomatic response to lansoprazole predicts abnormal acid reflux in
endoscopy-negative patients with non-cardiac chest pain. Xia HH, Lai KC,
Lam SK, Hu WH, Wong NY, Hui WM, Lau CP, Chen WH, Chan CK, Wong
WM, Wong BC. Aliment Pharmacol Ther 2003 Feb; 17 (3), pp. 369-77.

CARDIAC DISEASE WITHOUT ANGINA

Aortic Valve/Left Ventricular Systolic Dysfunction
and Aortic Stenosis/Low Output and Low Mean
Gradient/Surgical Candidate Identification
Dobutamine

Background Information: Although aortic valve replacement
can be performed at an acceptable risk level in selected cases with
left ventricular systolic dysfunction and low-output low-gradient



aortic stenosis, not all cases presenting with these hemodynamics
will benefit from surgical intervention. Some cases may have only
mild aortic stenosis, despite a small calculated valve area. Some
reports have described the clinical utility of diagnostic dobutamine
stimulation during cardiac catheterization in these diagnostically
challenging conditions.
Application: In cases with left ventricular systolic dysfunction
and aortic stenosis with a low output and a low mean gradient, dobu-
tamine challenge may aid in selecting those who would benefit from
an aortic valve operation.
Route of Administration: Intravascular.
Implementation: Evaluation of the influence of dobutamine
infusion in cases of low-output, low-gradient aortic stenosis
Human Model: Cases of low-output, low-gradient aortic
stenosis and an ejection fraction < 40% (n = 32).
Interpretation and Analysis: On the basis of the results of the
dobutamine test, approximately 66% of cases may meet the criteria
necessary to justify performing aortic valve replacement (e.g. n =
21/32). A high percentage of cases with a final aortic valve area <1.2
cm? at peak dobutamine infusion and a mean gradient of > 30 mm
Hg have severe calcific aortic stenosis that can be appreciated the
time of surgical intervention (e.g., 100% in 1 study). In cases with
contractile reserve identified during dobutamine challenge based on
observed increases in stroke volume (> 20%), complications that
can occur include perioperative death (n = 1/15 or 7%); but the
majority are still alive (n = 12/15 New York Heart Association class
I or II status) at the time of case follow-up.

Low-output, low-gradient aortic stenosis in patients with depressed left ven-
tricular systolic function: The clinical utility of the dobutamine challenge in
the catheterization laboratory. Nishimura RA, Grantham JA, Connolly HM,
Schaff HV, Higano ST, Holmes DR Jr. Circulation 2002 Aug 13; 106 (7), pp.
809-13.

Aortic Valve/Subaortic Stenosis: Aortic Valve/
Idiopathic Hypertrophic
Phentolamine

Cellular/Molecular Mechanism of Action: Competitive a-
adrenergic blockade (transient) and vasodilation is due to a direct
action on vascular smooth muscle.

Physiological Mechanism of Action: Inhibition of responses
to 5-HT, gastrointestinal tract stimulation (blocked by atropine),
vasodilation, decreased blood pressure, and cardiac stimulation.
Considerations: The clinical use of phentolamine has increased
since its introduction as an antihypertensive agent. The vasodilatory
action of phentolamine, as well as its positive inotropic effect has led
to its use in the treatment of congestive heart failure. Recently, phen-
tolamine has been used by several clinical groups to improve left
ventricular function in acute myocardial infarction. There appears to
be great promise for the use of phentolamine in such clinical set-
tings. The drug given intravenously or orally can suppress ventricu-
lar premature beats and supraventricular premature beats. However,
experience with phentolamine as an antiarrhythmic agent is still lim-
ited. Similarly, the relief of angina pectoris by phentolamine requires
confirmation by additional clinical studies.

Interpretation and Analysis: Phentolamine can be used as a
provocative test for characterizing idiopathic hypertrophic subaortic
stenosis. Since it does not produce cardiac arrhythmias, it may be
safer than isoproterenol for such purposes. The comparative (rela-
tive) effectiveness of phentolamine and isoproterenol in diagnosing
idiopathic hypertrophic subaortic stenosis is unknown. Phentolamine
has been advocated for several years as an effective agent for the
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treatment of shock. The experience is still limited to a few groups
that have reported favorable results. Phentolamine has also been
used as a bronchodilator and a pulmonary artery dilator. Preliminary
results suggest that phenotolamine is effective for this purpose but
further investigation is necessary to validate these early impressions.
A sensitive measurement of the blood levels of phentolamine is not
available. When this is accomplished, further insight into the metab-
olism of this drug will be forthcoming.

Phentolamine. Gould L, Reddy CV. Am Heart J 1976 Sep; 92 (3), pp. 397-
402.

Left Ventricular Aortic Outflow Obstruction
Phentolamine/(Isoproterenol Inhalation
Alternative)/(Amyl Nitrite Alternative)/Valsalva’s
Maneuver Alternative

Cellular/Molecular Mechanism of Action: Phentolamine
transiently binds directly to a-adrenergic receptor complexes in a
manner that competitively inhibits the biological activity of adrener-
gic neurotransmitter agents. Interestingly, the biological activity of
5-HT is also inhibited, and its vasodilatory effect is due to a direct
effect of phentolamine on vascular smooth muscle.

Physiological Mechanism of Action: Cardiac and smooth
muscle structures are the most prominent tissues that have their func-
tion altered by phentolamine. Effects include or result in cardiac
stimulation, increased gastrointestinal motility and secretion, and
peripheral vascular vasodilation accompanied by declines in blood
pressure. In effect, decreases in peripheral/pulmonary vascular
resistance and increases in venous compacitance are produced. The
influence of phentolamine on peripheral vascular resistance is not
solely responsible for its effect on cardiac function.

Application: Enhances myocardial contractility and decreased
afterload with induction of only slight tachycardia. Beneficial in the
diagnosis of cases suffering from idiopathic hypertrophic subaortic
stenosis and valvular dysfunction.

Route of Administration: Phentolamine (intravenous).
Dosage: Phentolamine (5 mg).

Considerations: Intravenous injection of phentolamine poten-
tially offers a better provocative test for aortic left ventricular out-
flow tract obstruction than does the Valsalva’s maneuver, or the
inhalation of either isoproterenol or amy] nitrite.

Interpretation and Analysis: Applying echocardiographic and
phonocardiographic recordings, systolic pressures can fall an aver-
age of 20 mm Hg while remaining above 90 mm Hg and accompa-
nied by no notable increases in heart rate. Phentolamine appears to
be a safe, simple, and specific diagnostic agent for eliciting dynamic
obstruction in IHSS.

Basis for Characterizing Alternative: In typical idiopathic
hypertrophic subaortic stenosis, amyl nitrite increases the obstruc-
tive index (39.6 = 12 to 51 = 18.9: p < 0.05) compared to phento-
lamine (increased obstructive index 69.8 = 25.6: p < 0.015). After a
2-week course of oral administration of 80 mg of propranolol daily,
and then either inhalation of amyl nitrite or injection of phento-
lamine, there is usually no change from the mean resting obstructive
index. Phentolamine is more potent than amyl nitrite in eliciting
dynamic obstruction in IHSS; phentolamine and amyl nitrite do not
affect the obstructive index in conditions with beta blockade.
Toxicity: Creation of cardiac arrythmias (tachycardias), hyper-
peristaltic-induced diarrhea with abdominal discomfort.

Evaluation of phentolamine as a provocative test for idiopathic hypertrophic
subaortic stenosis. Kerin NZ, Mori 1, Edelstein J, Blonder R, Rubenfire M.
Am Heart J 1979 Feb; 97 (2), pp. 204-10.
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Phentolamine. Gould L, Reddy CV. Am Heart J 1976 Sep; 92 (3), pp. 397—
402.

Left Ventricular Hypertrophy (LVH)/Functional
Response: Dynamic
Acetylcholine/Adenosine/Sodium Nitroprusside

Physiological Mechanism of Action: Acetylcholine
(parasympathetic cholinergic agonist); adenosine (negative chron-
otropic response); sodium nitroprusside (lowers systemic blood
pressure).

Application: Dectection and characterization of alterations in
cardiovascular function.

Implementation: Evaluation of changes in coronary morpholo-
gy and hemodynamic function during Q regression in established
conditions of LVH following surgical unloading. Alterations delin-
eated can include degree of LVH, coronary hemodynamic function,
and contemporaneous vessel morphology 42 days postoperation.
Parameter can then be reassessed in an identically treated in vivo
models debanded and the same parameters measured after 1, 3, and 6
weeks to assess hemodynamic and morphological changes that occur
with hypertrophy regression.

Animal Model: Guinea pig (induced LVH created by aortic
banding while sham operated animals serve as controls).
Interpretation and Analysis: Banding results in an aortic pres-
sure gradient of 41 £ 9 mm Hg and increases in heart/body weight
ratio (46%), myocyte size (26%), and a doubling of arteriolar wall
thickness (e.g. all at p < 0.01). These changes are accompanied by a
reduction in coronary reserve (38%) and significant (p < 0.01)
decreases in maximal response to acetylcholine (70%), sodium nitro-
prusside (87%), adenosine (70%), and reactive hyperemia (52%).
Surgical debanding normalizes the systemic hemodynamics and
removes the aortic gradient after 7 days. There is some limited
improvement in coronary structure and, to a lesser extent, function
despite continued presence of significant LVH. Such developments
completely regress to normal levels 23 days after debanding and are
accompanied by a normalization of coronary structure and function,
although systolic impedance to flow remains significantly increased.
After 44 days, debanding results in complete cardiac morphological
and functional recovery. Left ventricular hemodynamic unloading
can result in complete normalization of LVH, coronary morphology,
and hemodynamic function. Although morphological and functional
recovery is closely correlated, recovery of coronary morphology and
function slightly precedes that of the myocardium in this aortic
banded/debanded model.

Recovery of coronary function and morphology during regression of left ven-
tricular hypertrophy. Kingsbury M, Mahnke A, Turner M, Sheridan D. Car-
diovasc Res 2002 Jul; 55 (1), pp. 83-96.

Murmurs: Cardiac Murmurs
Isobutyl Nitrite (ISBN)/(Analytical Assay)

Application: Delineation of cardiac murmurs and for the thera-
peutic management of angina pectoris.

Considerations: Compounds are highly volatile vasodilators and
sometimes abused as inhalant agents.

Interpretation and Analysis: A mean recovery of ISBN from
the blood is approximately 86% over a concentration range of 1.0 to
400 ng/ml (rat). The interday coefficient of variation is below 15% at
the lowest quantifiable blood concentration of 1 ng/ml ISBN (rat).
Applying the newly developed gas chromatography assay, new phar-

macokinetic information about ISBN has been acquired. Results dis-
covered with the new analysis method have shown that rats inhaling
900 ppm ISBN for 45 minutes produce steady-state blood concentra-
tions of about 290 ng/ml and a rapid elimination half-life of 1.4 min-
utes.

Instrumentation: A gas chromatographic assay has been devel-
oped using electron capture detection for the analysis of the repre-
sentative nitrite inhalant, ISBN, in rat and human whole blood.
Unconventional sampling and processing techniques are required
because of the high volatility and chemical instability of nitrites in
biological fluids.

Analysis of isobutyl nitrite inhalant in rat and human blood: Application for
pharmacokinetic investigations. Kielbasa WB, Bauer JA, Fung HL. J Chro-
matogr B Biomed Sci Appl 1999 Oct 29; 734 (1), pp. 83-9.

Syncope Differentiation Diagnosis
ATP/Isoproterenol (Tilt Test)

Cellular/Molecular Mechanism of Action: Isoproterenol is a
non-selective B-adrenergic receptor agonist.

Background Information: In patients with vasovagal syn-
drome, head-up tilt testing may reproduce symptoms generally asso-
ciated with vasodepression. Recent research suggests ATP testing
can identify cases with abnormal vagal cardiac inhibition.
Application: The tilt and ATP tests individually and jointly can
be utilized to determine the underlying mechanisms of vasovagal
symptoms in most cases of syncope.

Route of Administration: ATP (20 mg).

Dosage: ATP (intravenous).

Implementation: Evaluation of isoproterenol and ATP provoca-
tive tests performed in random order during 1 session and outside of
predominant sympathetic periods in cases related to syncope. In pas-
sive and isoproterenol-provocative tilt testing by standard protocol,
reproduction of symptoms is defined as a positive test. The ATP test
consists of administering injectable ATP (at bedside) while continu-
ously monitoring ECG and blood pressure with a vagal cardiac pause
> 10 seconds defined a positive test result. For most cases (64%), a
= 1 test will be positive.

Human Model: Cases suffering from syncope (n = 56); cases

of presyncope (n = 56) for whom no cardiac or extracardiac etiolo-
gies can be identified.
Interpretation and Analysis: In 57% of cases (e.g., n = 41/72)
with a positive tilt test (either passive or provoked by isoproterenol),
approximately 32% have cardiac disease, while a very low percent-
age have significant bradycardia (e.g., n = 0; < 50 bpm). In cases
with positive ATP test findings (e.g., n = 8 or 11%), approximately
two-thirds or 62% have cardiac disease. The probability of a positive
result increases with age (p = 0.015). Both tests are positive in a
small number of cases (e.g., n = 3) while a relatively larger number
have a negative responses to both evaluation procedures (e.g., n =
26). Results from tilt and ATP test procedures appear to be uncorre-
lated (p = 0.28). Therefore, tilt and ATP tests individually and jointly
can assist in determining the mechanism of vasovagal symptoms in
most cases of syncope. Vagal cardiac inhibition appears to increase
with age.

Contribution of head-up tilt testing and ATP testing in assessing the mecha-
nisms of vasovagal syndrome: Preliminary results and potential therapeutic
implications. Flammang D, Erickson M, McCarville S, Church T, Hamani D,
Donal E. Circulation 1999 May 11; 99 (18), pp. 2427-33.



Syncope/Hypoxia (Sudden)/Bradycardia (Sudden)/
Vasovagal Syncope (Unexplained)/

[Vascular Graft Patency]

Nitroglycerin/Isoproterenol

Cellular/Molecular Mechanism of Action: Isoproterenol
recognizes, physically binds to, and activates sympathetic/adrenergic
receptor complexes.

Physiological Mechanism of Action: Nitroglycerin induces
both venous and arterial vasodilation. Relatively selective venous
vasodilation can be achieved at the lower dosage ranges of nitroglyc-
erin, thereby promoting declines in end-diastolic left and right ven-
tricular pressures. Such changes are more pronounced than are
changes in peripheral arterial pressure. Cardiac output is decreased
in normal subjects and patients with coronary artery disease when
nitroglycerin is given by the sublingual route of administration.
High-dose nitroglycerin administered rapidly causes declines in
both systolic and diastolic pressures accompanied by lower blood
pressure levels, pallor, weakness, dizziness, and initiation of reflex
sympathetic-mediated responses (tachycardia, arteriolar vasocon-
striction). Transient increases in coronary blood flow (coronary
vasodilation) and declines in arterial blood pressure contribute to
decreases in cardiac output. Sublingual administration can therefore
occasionally produce a significant hypotensive episode.
Application: Diagnosis of vasovagal syncope and can be utilized
in combination with quantitative angiography for the evaluation of
vascular blood flow integrity (vasodilation vs vasoconstriction) and
patency of vascular grafts. Injectable nitroglycerin (TNG) is em-
ployed during cardiac catheterizations primarily in cases undergoing
provocative tests for coronary spasm with ergonovine maleate where
it has demonstrated considerable efficacy.

Route of Administration: Nitroglycerin (intravascular).
Dosage: Nitroglycerin given at progressively increasing infusion
rates (increments of 0.86 pg/kg/hr at each stage).
Implementation: Evaluation of unexplained syncope conditions
through analysis of provoked changes in coronary artery vascular
blood flow. A maximum of 5 successive stages consisting of 5 min-
utes in the supine position are performed plus 10 minutes of 80-
degree upright tilt at progressively increasing infusion rates (incre-
ments of 0.86 pg/kg/hr every stage).

Human Model: Cases of unexplained syncope (n = 40; n =
23/40 women, mean age 47 years; n = 25 asymptomatic controls
with negative baseline head-up tilt undergoing 2 other tilting tests, 1
during nitroglycerin infusion and 1 during isoproterenol infusion).
Interpretation and Analysis: During the nitroglycerin test a
positive response (syncope in association with sudden hypotension
and bradycardia) can occur in approximately 53% of cases (e.g., n =
21/40) with unexplained syncope; an exaggerated response (minor
symptoms in association with slowly increasing hypotension alone)
occurs in about 25% (e.g., n = 10/40); a negative response in 22% of
cases (e.g., n = 9/40); and drug intolerance in a very small percent-
age (e.g., n = 0 or 0%). During the isoproterenol test these percent-
ages are 25%, 25%, 32%, and 18%, respectively. Only a small per-
centage of controls have a positive response to the nitroglycerin test
and to the isoproterenol test (e.g., n = 2 or 8% for each test). Thus
the nitroglycerin test seems to be a useful alternative tool for diagno-
sis of vasovagal syncope; it is equally specific but more sensitive and
feasible than the isoproterenol test.

Nitroglycerin infusion during upright tilt: a new test for the diagnosis of vaso-
vagal syncope. Raviele A; Gasparini G; Di Pede F; Menozzi C; Brignole M;
Dinelli M; Alboni P; Piccolo E. Am Heart J] 1994 Jan; Vol. 127 (1), pp. 103—
11.
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Syncope: Neurocardiogenic
Isosorbide Dinitrate/Isoproterenol

Cellular/Molecular Mechanism of Action: Isosorbide dini-
trate (active metabolite: isosorbide-2-mononitrate; isosorbide-5-
mononitrate) is believed to activate guanylate cyclase and increase
the synthesis of guanosine 3',5" monophophate (¢cGMP) in smooth
muscle and other tissues. Formation of reactive free radical nitric
oxide (NO) occurs, which interacts with and activates guanylate
cyclase. Isoproterenol binds to and potently activates (3-adrenergic
receptor complexes (3-adrenergic receptor agonist).

Physiological Mechanism of Action: Isosorbide dinitrate is
an arterial and venous dilating agent. The (sympathomimetic ) effect
of isoproterenol is mainly directed at the heart and smooth muscle
tissues of the bronchioles, skeletal muscle vasculature, and alimen-
tary tract. Physiologically isoproterenol promotes declines in peri-
pheral vascular resistance primarily at the level of the skeletal
muscle vasculature.

Application: Isosorbide dinitrate and isoproterenol can be
applied to identify and characterize cases of suspected cardiogenic
syncope.

Route of Administration: Isosorbide dinitrate (sublingual), iso-
proterenol (intravenous).

Dosage: Isosorbide dinitrate (5 mg), isoproterenol (4 pg/min).
Implementation: In cases of suspected neurocardiogenic syn-
cope (e.g., n = 120; 15-77 years), the response to a head-up tilt test
(HUT) can be divided into subjects that either do or do not develop
syncope/presyncope during a passive HUT test for 30 minutes. Cas-
es that do not develop symptoms are subjected to repeated HUT tests
with isoproterenol influsions (4 pg/min; 10 minutes) and then tilted
after a sublingual administration of isosorbide dinitrate (another 12
minutes). The HUT/isosorbide dinitrate test is usually performed
after the HUT/isoproterenol test.

Interpretation and Analysis: Sensitivity and specificity of pas-
sive HUT is 41% (95% C.1. 32.9% to 51%) and 100%, respectively.
Sensitivity of isoproterenol HUT is 51.4% (95% C.1. 39.2% to
63.6%) and specificity 70% (95% C.I. 55.4% to 82.1%), and for
isosorbide dinitrate HUT is 70% (95% C.I. 57.9% to 80.4%) and
88% (95% C.1. 75.7% to 95.5%), respectively. The accuracy of the
isosorbide HUT is significantly higher than the accuracy of the iso-
proterenol HUT 77.5% (95% C.I. 68.9% to 84.6%). Sublingual
isosorbide dinitrate is at least as sensitive as isoproterenol for the
assessment of suspected cases of neurocardiogenic syncope that dis-
play a negative tilt test without provocation. The low rate of side
effects and the higher accuracy of the idosrobide dinitrate HUT,
along with the simplicity of this challenge compared to the isopro-
terenol HUT test, suggest that sublingual isosorbide dinitrate should
be preferred as a provocative agent to evaluate neurocardiogenic syn-
cope after a negative passive tilt test.

Tilt testing in neurocardiogenic syncope: Isosorbide vs isoproterenol. Her-
mosillo AG, Marquez MF, Jauregui-Renaud K, Falcon JC, Casanova JM,
Guevara M, Cardenas M. Acta Cardiol 2000 Dec; 55 (6), pp. 351-5.

Syncope: Neurocardiogenic
Glyceryl Trinitrate (Nitroglycerin)/Isoprenaline
(Isoproterenol)

Cellular/Molecular Mechanism of Action: Glyceryl trini-
trate (nitroglycerin) activates guanylate cyclase and increases the
synthesis of guanosine 3’,5" monophophate (cGMP) in smooth mus-
cle and other tissues. Formation of reactive free radical nitric oxide
(NO) occurs, which interacts with and activates guanylate cyclase.
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Isoprenaline (isoproterenol) binds to and potently activates [3-adren-
ergic receptor complexes (3-adrenergic receptor agonist).
Physiological Mechanism of Action: Glyceryl trinitrate
(nitroglyerin) is an arterial and venous dilating agent. Isoprenaline
(isoproterenol: sympathomimetic) exerts effects mainly directed at
the heart and smooth muscle tissues of the bronchioles, skeletal mus-
cle vasculature, and alimentary tract. Physiologically isoprenaline
(isoproterenol) promotes declines in peripheral vascular resistance
primarily at the level of the skeletal muscle vasculature.
Application: Glyceryl trinitrate (nitroglycerin) and isoprenaline
(isoproterenol) can be used to detect and characterize conditions of
neurocardiogenic syncope.

Implementation: In unexplained cases of syncope with a nega-
tive passive head-up tilt at 70 degrees (40 minutes), the glyceryl
trinitrate head-up tilt and isoprenaline head-up tilt tests can be of
diagnostic value (performed 1 week apart). Diagnostic criteria in-
clude induced symptoms (syncope, presyncope) in concert with the
development of hypotension.

Interpretation and Analysis: In cases with negative passive
head-up tilt, the sensitivity of glyceryl trinitrate in diagnosing vaso-
vagal syncope is approximately 48% with a 71% level of specificity.
Isoprenaline sensitivity is 21% with a 64% level of specificity. There
is a rather drastic difference in the incidence of undesirable side
effects observed with glyceryl trinitrate compared to isoprenaline.
Glyceryl trinitrate is well tolerated. In contrast, a large percentage of
cases (68%) display side effects with isoprenaline that are severe
enough to require termination of testing procedures. The most com-
mon adverse effects are the development of hypertension or tachy-
cardia and intolerable “flushing” or nausea. Based on comparison
evaluations, glyceryl trinitrate (nitroglycerin) head-up tilt is as effec-
tive as isoprenaline (isoproterenol) head-up tilt as a provocative agent
for vasovagal syncope and has a lower incidence of adverse events.

Comparison of provocative tests for unexplained syncope: Isoprenaline and
glyceryl trinitrate for diagnosing vasovagal syncope. Graham LA, Gray JC,
Kenny RA. Eur Heart J 2001 Mar; 22 (6), pp. 497-503.

Syncope: Vasovagal
Edrophonium

Cellular/Molecular Mechanism of Action: Edrophonium
functions as an inhibitor of acetylcholinesterase biochemical activity.
Physiological Mechanism of Action: Edrophonium through
the inhibition of acetycholine esterase promotes accumulation of
acetylecholine neurotransmitter at cholinergic receptor complexes
associated with postsynaptic membranes.

Background Information: Vasovagal syncope after head-up
tilting is thought to be secondary to a complex, neurally-mediated
reflex with both vasodepressor and cardioinhibitory efferent compo-
nents.

Application: Edrophonium has been utilized as a provocative
agent for triggering syncope during head-up tilt testing protocols of
benefit in detecting cases of vasovagal mediated syncope. The edro-
phonium/head-up tilt test (i) is currently considered to significantly
increase the sensitivity of detecting cases of vasovagal syncope; (ii)
may be particularly useful when provocation with isoproterenol is
undesirable; and (iii) may be an effective method to help differenti-
ate cases with a significant reflex cardioinhibitory component from
those with a predominantly reflex vasodepressor component.

Route of Administration: Edrophonium (intravenous).
Dosage: Edrophonium (10 mg).

Implementation: Evaluation of the efficacy of edrophonium as
a provocative diagnostic agent for the purpose of “triggering” syn-
cope during head-up tilt testing procedures. In cases suffering from

recurrent unexplained syncope, edrophonium is administered after
30 minutes of 60 degrees head-up tilting alone.

Human Model: Cases suffering from recurrent unexplained

syncope (e.g., n = 45 affected and n = 20 negative reference con-
trols).
Interpretation and Analysis: Syncope can be induced in a little
less than 50% of cases (e.g., n = 19/45), with some cases (e.g. n =
9/19) observed to develope syncope with head-up tilt with the pre-
dominant hemodynamic alteration recognized during such episodes
being marked vasodepression. Conversely, other cases will develop
syncope only after head-up tilting in combination with edrophonium
(e.g., n = 10/19), with the predominant hemodynamic findings being
marked vasodepression and bradycardia. Syncope can occasionally
be induced in normal reference controls (e.g., n = 1/20) following
head-up tilting and edrophonium. There are no long-term complica-
tions associated with edrophonium in diagnostic procedures.

Evaluation of edrophonium as a provocative agent for vasovagal syncope dur-
ing head-up tilt-table testing. Lurie KG, Dutton J, Mangat R, Newman D,
Eisenberg S, Scheinman M. Am J Cardiol 1993 Dec 1; 72 (17), pp. 1286-90.

Syncope: Vasovagal
Nitroglycerin/[Tilt-Table Test]

Cellular/Molecular Mechanism of Action: Nitroglycerin has
a direct action on vascular smooth muscle and its effects are not
directly mediated through modifications of the autonomic nervous
system.

Physiological Mechanism of Action: Induces both venous
and arterial vasodilation. Relatively selective venous vasodilation
can be achieved at the lower dosage ranges of nitroglycerin, thereby
promoting declines in end-diastolic left and right ventricular pres-
sures. Such changes are more pronounced than are the changes in
peripheral arterial pressure. Cardiac output is decreased in normal
subjects and patients with coronary artery disease when nitroglyc-
erin is given by the sublingual route of administration. High-dose
nitroglycerin administered rapidly causes declines in both systolic
and diastolic pressures accompanied by lower blood pressure levels,
pallor, weakness, dizziness, and initiation of reflex sympathetic-
mediated responses (tachycardia, arteriolar vasoconstriction). Tran-
sient increases in coronary blood flow (coronary vasodilation) and
declines in arterial blood pressure contribute to decreases in cardiac
output. Sublingual administration can therefore occasionally pro-
duce significant episodes of hypotension.

Background Information: Vasovagal syncope can occur in any
individual, given sufficient provocation, and probably half the popu-
lation suffers at least 1 episode during life. Often it occurs in youth
and may occur in clusters. Usually there is a history of a previous
episode. Prodromal symptoms include nausea, sweatiness, and a sen-
sation of warmth.

Diagnostic Application: Patients suffering from syncope of
unknown origin that may be due to vasovagal syncope.
Considerations: A classical history and a positive tilt test obvi-
ate the need for further investigation in clinical practice, but in the
context of aviation (pilots), it is wise to determine if there is a small
possibility of intermittent rhythm and/or conduction disturbance as
an alternative explanation for the episode.

Implementation: Diagnostic detection of vasovagal syncope
can be achieved by obtaining a careful history and performing a tilt
test in concert with nitroglycerin administration. In instances where
intermittent rhythm and/or conduction disturbance are thought to be
important as an alternative explanation for episodes, it then becomes
reasonable to carry out a Holter recording and exercise electrocar-
diogram, perhaps also echocardiography.



Interpretation and Analysis: Patients suffering from syncope
of unknown origin display a 53% rate of positive response (hypoten-
sion and bradycardia) when subjected to a tilt-table test and nitro-
glycerin administration. An exaggerated response (hypotension
only) is observed in 20% of cases presented for diagnosis (suffering
from vasovagal syncope). Other reports have described a 1.3% false
positive rate for passive tilt test, and the true positive rate being about
70% when a nitroglycerin challenge is included. No treatment is of
much benefit, although many agents, including beta-blocking drugs,
have been used. Some cases have undergone permanent dual cham-
ber pacing with some favorable results. Explanation and reassurance
is important. From a licensing point of view (e.g. pilots), following
investigation after an attack, consideration may be given to providing
restricted certification with regular follow-up examinations. Case
review with diagnostic investigations after an event-free interval,
(arbitrarily set for 2 years), may permit full certification. Malignant
vasovagal syncope with no warning of impending attack should war-
rant disbarment.

Drugs Used for the Treatment of Angina: Organic Nitrates, Calcium Channel
Blockers, and (-Adrenergic Antagonists. Needleman P, Corr PB, Johnson
EM (Chapter 33: pp. 806-26). Goodman and Gilman’s The Pharmacological
Basis of Therapeutics, eds Gilman AG, Goodman LS, Rall TW, Murad F.
MacMillan Publishing Company, New York (7th edition: copyright 1985).

Vasovagal syncope: Prevalence and presentation. An algorithm of man-
agement in the aviation environment. Sutton R. Eur Heart J Suppl 1999 Apr;
1 Suppl D, pp. D109-13.

Syncope of Unknown Origin
Isoproterenol/[Tilt-Table Test]

Cellular/Molecular Mechanism of Action: Isoproterenol
binds to and positively activates both 3; and (3, adrenergic mem-
brane-associated receptor complexes.

Due to a relatively minimal influence on a-adrenergic receptor
complexes, cardiac function, bronchial smooth muscle, skeletal mus-
cle vasculature, and the gastrointestinal tract are the primary organ
systems influenced by the physiological properties exerted by iso-
proterenol administration. Cardiovascular influences of isoproter-
enol include diminished peripheral vascular resistance, especially
within the vascular networks that perfuse musculoskeletal structures.
The increases in heart rate and contractility induced by isoproterenol
promote declines in diastolic pressure and elevations in cardiac out-
put sufficient to maintain or elevate systolic pressures (mean blood
pressure is lowered).

Background Information: Isoproterenol is widely used as a
provocative medium for vasovagal responses during tilt test proce-
dures.

Diagnostic Application: Multi-state isoproterenol tilt-table
(MSITT) test.

Route of Administration: Intravenous.

Dosage: Isoproterenol given as constant infusion (3 pg/min).
Dose of isoproterenol infusion is generally titrated empirically based
on increases in resting heart rate before tilt up test. Administration
can involved the use of a 2-stage isoproterenol-tilt protocol, with
doses of 0.01 and 0.02 p.g/kg per minute for 10 minutes each, or 1-
stage isoproterenol-tilt protocol, with a dose of 1 or 2 pg/min for 10
minutes.

Implementation: Evaluation of the optimal increase in resting
heart rate with isoproterenol for tilt-induced vasovagal responses.
After the end of a negative baseline tilt (80 degrees for 30 minutes),
the isoproterenol tilt is performed using 1 of 2 protocols: 2-stage iso-
proterenol-tilt protocol, or 1-stage isoproterenol-tilt protocol. Rest-
ing heart rate increases are defined as a percentage increase in the
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resting heart rate after isoproterenol infusion, compared to baseline
heart rates before initiation of the tilt test.

Human Model: Cases of unexplained syncope (n = 97 con-
secutive patients).
Interpretation and Analysis: Combining the use of a tilt-table
and isoproterenol diagnostic challenge increases the sensitivity of
detecting cases suffering from vasovagal mediated syncope (95% by
5 minutes). Conversely, the application of the MSITT alone without
the use of isoproterenol results in an 80% positive response rate.
Cases that are suffering from bradycardia show a lower rate of posi-
tive response rate compared to the MSITT test (10%).

Ninety-three percent (93%) of positive tilt-table procedures (e.g.,
n = 28/30) occur with a resting heart rate increases of = 21%. With
a resting heart rate increase of 60% and 100%, 18 (60%) and 27
(90%) positive responses can be observed, respectively. In conclu-
sion, a minimum resting heart rate increase of = 21% is required to
provoke a vasovagal response during a subsequent isoproterenol tilt
(80 degrees for 10 minutes). Preferably, heart rate should be in-
creased to 60-100% by isoproterenol titration before tilting.

Norepinephrine, Epinephrine, and the Sympathomimetic Amines. Weiner N
(Chapter 8: pp. 145-80). Goodman and Gilman’s The Pharmacological Basis
of Therapeutics, eds Gilman AG, Goodman LS, Rall TW, Murad F. MacMil-
lan Publishing Company, New York (7th edition: copyright 1985).

What is the optimal increase in resting heart rate with low-dose isopro-
terenol infusion for tilt-induced vasovagal response? Sumiyoshi M, Abe H,
MinedaY, Tokano T, Yasuda M, Nakazato K, Nakazato Y, Nakata Y, Daida H.
J Cardiovasc Pharmacol 2003 Dec; 42 Suppl 1, pp. S19-22.

CARDIOPULMONARY PHYSIOLOGY

Cardiac Filling and Output/Intravascular Dynamics/
Cardiography
Lithium Dilution Cardiac Output (LiDCO)

Cellular/Molecular Mechanism of Action: Lithium ion can
be applied as a passive elemental tracer/indicator agent.
Background Information: Lithium dilution cardiac output has
primarily been developed as a simple calibration technique for estab-
lishing continuous arterial waveform analysis (PulseCO trademark,
LiDCO, London, UK).

Application: Minimally invasive passive indicator dilution
analysis technique for the measurement of cardiac output.

Route of Administration: Lithium chloride (intravenous).
Dosage: Lithium chloride.

Implementation: Evaluation of cardiac output employing a
small dose of lithium chloride injected as an intravenous bolus. Car-
diac output is derived from the dilution curve generated by the meas-
urement of lithium using a lithium-sensitive electrode attached to an
arterial line.

Interpretation and Analysis: The technique is quick, simple,
and requires only an arterial line and central or peripheral venous
access. Studies in humans and animals have shown good agreement
compared with results obtained with other techniques, and the effica-
cy in pediatric cases has also been established. Compared with ther-
modilution, lithium dilution shows closer agreement in clinical stud-
ies with electromagnetic flow measurement. The PulseCO trademark
is a beat-to-beat cardiac output monitor that calculates stroke volume
from the arterial pressure waveform using an autocorrelation algo-
rithm. The algorithm is not dependent on waveform morphology;
rather, it calculates nominal stroke volume from a pressure-volume
transform of the entire waveform. The nominal stroke volume is con-
verted to actual stroke volume by calibration of the algorithm with
lithium tracer agents. Initial studies indicate good fidelity, and results
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from centers in the United States and the United Kingdom have vali-
dated the effectiveness of the methodology. The PulseCO trademark
monitor incorporates software for interpretation of the hemodynam-
ic data generated and provides real-time analysis of arterial pressure
variations (i.e., stroke volume variation, pulse pressure variation, and
systolic pressure variation) as theoretical guides to intravascular and
cardiac filling.

Instrumentation: Lithium-sensitive electrode attached to the
arterial line.

Lithium dilution measurement of cardiac output and arterial pulse waveform
analysis: An indicator dilution calibrated beat-by-beat system for continuous
estimation of cardiac output. Jonas MM, Tanser SJ. Curr Opin Crit Care 2002
Jun; 8 (3), pp. 257-61.

Cardiopulmonary Function/Influence of Altitude
Propanolol/Glycopyrolate

Physiological Mechanism of Action: Propanolol functions as
a B-adrenergic antagonist (sympatholytic agent), while glycopyrro-
late functions as a muscarinic/parasympatholytic agent.
Background Information: After acclimatization to high alti-
tude, maximal exercise cardiac output (Q-T) is reduced. Possible
contributing factors include (i) blood volume depletion, (ii) increased
blood viscosity, (iii) myocardial hypoxia, (iv) altered autonomic
nervous system (ANS) function affecting maximal heart rate (HR),
and (v) reduced flow demand from reduced muscle work capability.
Application: Potential agents for characterizing cardiopulmo-
nary parameters associated with alterations in elevation/altitude and
physical conditioning.

Route of Administration: Propranolol (intravenous), glycopy-
rolate (intravenous).

Dosage: Propanolol (8.0 mg), glycopyrrolate (0.8 mg).
Implementation: Evaluation of the role of ANS-mediated
reductions of HR in have in the phenomenon of altitude acclamation.
One approach to addressing this objective can entail separate phar-
macological “blocking” of the sympathetic and parasympathetic
arms of the ANS during maximal exercise following a 2-week period
of acclimatization at 3,800 m in concert with maximal HR measur-
ment. Examples of pharmaceutical agents that can be employed for
such purposes include propranolol and glycopyrrolate.

Human Model: Normal healthy subjects (n = 5)
Interpretation and Analysis: At altitude, peak HR is approxi-
mately 170 = 6 beats/min and is reduced from 186 = 3 beats/min (p
= 0.012) at sea level. Propranolol further reduces peak HR to 139 =
2 beats/min (p = 0.001), whereas glycopyrrolate increases peak HR
to sea level values, 184 * 3 beats/min, confirming adequate dosing
with each drug. Conversely, peak O, consumption, work rate, and Q-
T are similar at altitude under all drug treatments (peak Q-T = 16.2
=+ 1.2 [control], 15.5 = 1.3 [propranolol], and 16.2 = 1.1 I/min [gly-
copyrrolate]). All Q-T results at altitude are lower than those at sea
level (20.0 = 1.8 I/min in air). Such findings suggest that, whereas
the ANS may affect HR at altitude, peak Q-T is unaffected by ANS
blockade. The effect of altered ANS function on HR is not the cause
of the reduced maximal Q-T at altitude.

Role of the autonomic nervous system in the reduced maximal cardiac output
at altitude. Bogaard HJ, Hopkins SR, Yamaya Y, Niizeki K, Ziegler MG,
Wagner PD. J Appl Physiol 2002 Jul; 93 (1), pp. 271-9.

Left Ventricular Volume
Saline/Trans-Cardiac Conductance (TCC)

Background Information: The TCC method provides on-line
left ventricular (LV) volume signals by determining the electrical

conductance of blood in the LV by means of central venous and
epithoracic electrodes. Conductive structures outside the LV blood
pool cause a “parallel conductance” offset term (Vp) that can be
determined by bolus injections of hypertonic saline in the pul-
monary artery (Vpsaine)s Which cause a transient increase in blood
conductivity.
Application: Measurement of left ventricular volume. The saline
method can be applied to determine Vp for TCC. IA-V is substantial,
so that Vp must be determined in each individual in vivo subject, but
within individual subject variability is relatively small.
Implementation: Evaluation of the accuracy of the saline cali-
bration method and intersubject variabilities of Vp; variations in
hemodynamic conditions and during the cardiac cycle. The conven-
tional intracardiac conductance catheter method is used to obtain
independent estimates of Vp by the zero-volume method (Vp,er
volume)-

Animal Model: Sheep (anesthetized).
Interpretation and Analysis: Mean baseline Vp,ine and Vp,eo
volume are 104 = 6 ml and 106 = 6 ml, respectively. Bland-Altman
analysis reveals a small non-significant bias (-2.5 ml) and narrow
limits of agreement (4.6 ml). Vp are not significantly different
between hemodynamic conditions (baseline, dobutamine, volume
load, propranolol), but have a substantial interanimal variability (IA-
V) (38%). Average variations during the cardiac cycle are < 10% of
mean Vp.

The trans-cardiac conductance method for on-line measurement of left ven-
tricular volume: Assessment of parallel conductance offset volume. Staal EM,
Steendijk P, Baan J. IEEE Trans Biomed Eng 2003 Feb; 50 (2), pp. 234-40.

PERIPHERAL VASCULAR DISEASE,
FUNCTION AND PHYSIOLOGY

Angiogenesis: Neoplastic Disease/Tumor
Dimethylarginine Dimethylaminohydrolase
Overexpression

NC100150/Hoechst 33342/[Fluorescent Imaging]

Cellular/Molecular Mechanism of Action: The orientation
of NC100150 becomes altered within a magnetic field. Alternatively,
Hoechst 33342 emits fluorescent light energy.

Background Information: Intracellular factors that regulate
nitric oxide (NO) synthesis represent important targets in tumor pro-
gression. Overexpression of dimethylarginine dimethylaminohydro-
lase (DDAH), which metabolizes the endogenous inhibitors of NO
synthesis asymmetric dimethylarginine and N-monomethyl-L-argi-
nine, results in C6 gliomas that display enhanced growth rates com-
pared with wild type.

Application: NC100150 can be utilized as an intravascular blood
pool contrast agent that is detectable by magnetic resonance imaging
(MRI) methodologies. Hoechst 33342 can be used as a fluorescent
perfusion-marker dye that can be measured by flourescent detection
systems.

Route of Administration: Utilization of NC100150 and
Hoechst 33342 for neoplastic lesion angiogenesis requires that these
be delivered intravascularly.

Implementation: Delineate the effects of DDAH on tumor vas-
cular morphogenesis in vivo, through the measurement of the trans-
verse relaxation rates R,* and R, in (i) clone D27 gliomas over-
expressing DDAH; and (ii)) C6 wild-type gliomas utilizing
susceptibility contrast-enhanced MRI aided by the use of NC100150
(intravascular blood pool contrast agent). As a point of reference,
findings can be compared with results from fluorescence microscopy
for assessing tumor uptake of the perfusion marker Hoechst 33342,



and/or intrinsic susceptibility MRI, sensitive to changes in endoge-
nous [deoxyhemoglobin].

Interpretation and Analysis: The baseline R,* is significantly
faster in D27 tumors, consistent with greater vascular development
(p < 0.02, ANOVA). There is no significant difference between the
response of the 2 tumor types to hypercapnia (5% CO,/95% air),
used as a probe for vascular maturation, or hyperoxia (5% CO,/95%
0,), used as a probe for vascular function. NC100150 increases the
R,* and R, rates of both tumor types and demonstrates a significantly
larger blood volume in the D27 tumors (p < 0.02, ANOVA). This
correlates with a significantly greater uptake of Hoechst 33342 in
D27 tumors compared to C6 wild-type tumors (p < 0.02, ANOVA).
Despite increased tumor blood volume, the Delta R,*/Delta R, ratio,
an index of microvessel size, shows that the capillaries in the 2 tumor
types are of a similar caliber. Such observations demonstrate the
potential of susceptibility MRI-derived quantitative end points to
non-invasively assess tumor angiogenesis. Application of intravascu-
lar blood pool contrast agents such as NC100150 for such purposes
appears very promising. Overexpression of DDAH results in in-
creased in vivo neovascularization of C6 gliomas. The lack of signi-
ficant difference in hypercapnic/hyperoxic response between the C6
and D27 tumors and the similar vessel caliber are also consistent
with a role for DDAH in the initial stages of vasculogenesis.
Instrumentation: MRI and fluorescence microscopy instrumen-
tation.

Effects of overexpression of dimethylarginine dimethylaminohydrolase on
tumor angiogenesis assessed by susceptibility magnetic resonance imaging.
Kostourou V, Robinson SP, Whitley GS, Griffiths JR. Cancer Res 2003 Aug
15; 63 (16), pp. 4960-6.

Angiogenesis/Vascular Perfusion Density Changes/
(Prostatic Carcinoma: PC-3m)/Evaluation of
Angiogenesis Inhibitory Agents
Protamine/Contrast-Enhanced Doppler Ultrasound

Cellular/Molecular Mechanism of Action: Contrast media is
can be utilized to enhance Doppler ultrasound image quality and
sensitivity based on the interaction of ultrasound energy with the
physical properties of media preparations (echogenic properties).
Application: Detection of altrations in tumor vascularity.

Route of Administration: Intravenous.

Implementation: Evaluation of vascularity and blood flow in
neoplastic lesions. Contrast agent is administered and color flow sig-
nal-pixel rate (SPR) of images calculated using the number of pixels
showing color Doppler signals as a ratio of the total number of pixels
covering the lesion.

Animal Model: Murine. (BALB/C nude mice; n = 48) first

received subcutaneous transplants of human prostate carcinoma PC-
3m tumor followed by protamine injections (SQ) as an angiogenesis
inhibitor. Subjects are randomly divided into 3 groups according to
protamine dose.
Interpretation and Analysis: The SPR of the high- and low-
dose groups is significantly lower than that of control groups (p <
0.01). Mean SPR * SDis 0.09 = 0.05,0.11 = 0.05, and 0.22 *= 0.10
for different treatment groups, respectively. The SPR parameters cor-
relate significantly with the density of microvessel structures (r =
0.86 t0 0.94, p < 0.01). Therefore, contrast-agent enhanced Doppler
ultrasound imaging can effectively reveal changes in vascularity in
neoplastic lesions (e.g., * protamine). In addition to microvessel
density, contrast-agent enhanced Doppler ultrasound imaging may
become one of several independent prognostic indexes of angiogen-
esis inhibitor therapy.
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Evaluation of the effect of protamine on human prostate carcinoma PC-3m
using contrast enhanced Doppler ultrasound. Tang J, Li S, Li J, Zhang Y, Li
X, Dong B, Shi H, Zhang G. J Urol 2003 Aug; 170 (2 Pt 1), pp. 611-4.

Biomarker Selective Targeting/Vascular
Endothelium/Inflammation/Ischemia/
Neoplastic Disease

Polymerized Nanoparticle

Background Information: In order to be successful in person-
alizing treatment protocols, methods for effective case selection as
well as development of good surrogate biomarkers for monitoring
the effects of treatment in concert with the development of an effica-
cious targeted therapy is required.

Application: Selective detection and targeting of disease-specific
biomarker systems.

Route of Administration: Intravascular.

Implementation: Development of a polymerized nanoparticle
platform technology that will allow the application of different tar-
geting moieties on the surface of the particles in addition to loading
particles with different contrast and therapeutic agents.
Interpretation and Analysis: Nanoparticles can be targeted to
endothelial receptors and different payloads of contrast and thera-
peutic agents can be delivered to target cells with high target-to-
background ratios. Using this combined vascular targeting approach
for imaging and therapy, it is highly possible that personalize/indi-
vidualize treatment regimens can be developed for different disease
processes such as cancer, inflammatory responses, and ischemia.

Combined vascular targeted imaging and therapy: A paradigm for personal-
ized treatment. Li KC, Guccione S, Bednarski MD. J Cell Biochem Suppl
2002; 39, pp. 65-71.

Capillary Bed Blood Flow/Multiphoton In Vivo
Imaging

Semiconductor Nanocrystal Fluorescent
Markers/Cadmium Selenide-Zinc Sulfide Quantum
Dots/[Fluorescent Imaging]

Cellular/Molecular Mechanism of Action: Cadmium sele-
nide-zinc sulfide quantum dot modalities emit fluorescent light
energy.

Application: Cadmium selenide-zinc sulfide quantum dots can
be applied as a fluorescent tracer modality for the evaluation of vari-
ous physiological parameters.

Fluorescent labels for multiphoton microscopy that enable multi-

color imaging in demanding biological environments such as living
tissue.
Implementation: Semiconductor nanocrystals (quantum dots)
can be applied as fluorescent tracer agents for in vivo multiphoton
microscopy, enabling the acquisition of multicolor image analyses.
In this context, water-soluble cadmium selenide-zinc sulfide quan-
tum dots can be used for multiphoton in vivo imaging. The fluores-
cent probes have 2-photon action cross sections as high as 47,000
Goeppert-Mayer units, by far the largest of any label used in multi-
photon microscopy.

Animal Model: Mouse.

Interpretation and Analysis: It is possible to visualize quan-
tum dots dynamically through the skin of living mice, within capil-
laries hundreds of micrometers deep. Evidence of blinking (fluores-
cence intermittency) cannot be appreciated in solution on nanosecond
to millisecond time scales.

Instrumentation: Multiphoton microscopy.
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Water-soluble quantum dots for multiphoton fluorescence imaging in vivo.
Larson DR, Zipfel WR, Williams RM, Clark SW, Bruchez MP, Wise FW,
Webb WW. Science 2003 May 30; 300 (5624), pp. 1434-6.

Capillary Bed Tolerance of Small Particle or Liquid
Plastic Occlusion
Lidocaine

Cellular/Molecular Mechanism of Action: Lidocaine creates
alterations in Na*/K™ pump function resulting in increased K ion
conductance.
Physiological Mechanism of Action: Promotes vasodilation.
Physiological Mechanism of Action: Exerts a direct effect on
the heart independent of any influences imposed by the autonomic
system. Declines in the pacemaker current and increases in time-
independent outward current are induced by lidocaine which can be
recognized as decreases in the slope of the normal Purkinje phase-4
depolarization phase. Depolarized Purkinje fibers under tension dis-
play depressed levels of automaticity, and the diastolic threshold in
cardiac Purkinje fibers is increased (increased K* conductance).
Parameters for Vm or threshold voltage are not affected. In the Purk-
inje system and ventricles, the chronological duration of action
potentials is lengthened slightly (disruption of small Na* current
flow during action potential plateau), but non-specialized or atrial
tissues are not affected. Minimal changes are usually appreciated on
EKG tracings except for a shortening of the Q-T interval. Refractori-
ness of the A-V node is most often unaffected. One of the most
important influences of lidocaine is its ability to promote pronounced
decreases in the refractory period of the His-Purkinje system.
Application: Evaluation of capillary bed tolerance for small par-
ticle or liquid plastic occlusion.
Route of Administration: Intra-arterial (affected arterial struc-
tures).
Considerations: Endovascular obliteration of hypervascular
lesions of the head and neck has become clinically accepted, but it
may cause stroke and peripheral cranial nerve palsy. By using a flow-
controlled technique to deliver the materials and by knowing the vas-
cular anatomy of the cranial nerves, these problems are less likely to
occur. Occasionally, though, vascular anatomy is distorted by the
lesion or is anomalous in its distribution.
Implementation: Evaluation of various branches of the external
carotid arteries utilizing a lidocaine challenge protocol.

Human Model: Cases with vascular abnormalities (e.g. n =
26)
Interpretation and Analysis: Case may developed transient
palsies (e.g. n = 3), thereby requiring modification of treatment reg-
imens. Cases usually do not develop complications of embolization
(e.g. n = 0/26).

Lidocaine injection into external carotid branches: Provocative test to pre-
serve cranial nerve function in therapeutic embolization. Horton JA, Kerber
CW. AJNR Am J Neuroradiol 1986 Jan—Feb; 7 (1), pp. 105-8.

Extracellular Tissue Space/Volume Estimation
TmDOTP~* and CoEDTA™

Application: Extracellular tissue space volume estimation.
Dosage: TmDOTP ° (0.16 mmol/rat in washout studies).
Implementation: Evaluation and comparison of the distribution
of TmDOTP > and CoEDTA ~ (anionic complex previously used as
a marker system for establishing extracellular space). Heart, liver,
muscle, blood, and urine are collected after infusion of either com-
plex and quantitatively analyzed by atomic absorption spectroscopy.

Experiments can also be performed to evaluate the washout kinetics
of TmDOTP > washout kinetics.

Animal Model: Rat (anesthetized in washout studies).
Interpretation and Analysis: Although total TmDOTP ™’ in
blood and tissue is consistently lower (0.88 = 0.04; n = 6) than
CoEDTA " after an identical infusion protocol (presumably because
of some association of the phosphonate complex with bone), a com-
parison of blood and tissue contents indicates that the 2 anionic com-
plexes distribute into identical extracellular spaces. Relative extra-
cellular space in the liver (evaluated in vivo), as determined by
TmDOTP > and CoEDTA ,is0.18 = 0.02 and 0.15 * 0.01, respec-
tively. The corresponding relative in vivo extracellular space values
for the heart calculated using the 2 agents are identical (0.11 *
0.02). In washout kinetic studies with TmDOTP > (0.16 mmol total
dose), 81% appears in urine by 180 minutes, and < 2% is found in
all remaining soft tissue, leaving approximately 18% undetected.
The rate of Tm appearance in urine can be fitted to a standard phar-
macokinetic model that includes 4 tissue compartments: plasma, 1
fast equilibrating space, 1 slow equilibrating space, and 1 very slow
equilibrating space (presumably bone). The best fit result suggests
that the highly charged TmDOTP > complex is cleared from plasma
more rapidly than are the typical lower charged Gd-based contrast
agents and that release from bone is slow compared with renal clear-
ance.

Distribution of TmDOTP ™~ in rat tissues: TmDOTP > vs COEDTA ~ as mark-
ers of extracellular tissue space. Makos JD, Malloy CR, Sherry AD.
J Appl Physiol 1998 Nov; 85 (5), pp. 1800-5.

Extracellular Fluid Space Distribution Parameters/
Interstitial Fluid Compartment/Water

Diffusion Coefficients

Gallamine/Inulin

Cellular/Molecular Mechanism of Action: Gallamine and
inulin per se do not exert any biochemical or physiological mecha-
nism of action. Instead they function as diagnostic tracer agents
based in part due to their molecular weight which directly influences
their relative permeability across capillary membranes and facilitate
their detection in biological fluids.
Application: Gallamine and inulin can be detected in diluted
form within biological fluids where they can function as passive
marker/indicator molecules.
Route of Administration: Gallamine and inulin (simultaneous
intravenous injection).
Implementation: Simultaneous evaluation of the kinetics of
inulin and gallamine. The distribution of both compounds in extra-
cellular fluid space can be characterized by a 3-compartment model
in which the mean central compartment blood volume of 1.37 liters
is identical with expected values.

Animal Model: Canine (anesthetized).
Interpretation and Analysis: The 2 peripheral compartments
of the model appear to represent rapid and slow equilibrating inter-
stitial fluid compartments. A mammillary model structure can be
selected in which intercompartmental clearance corresponds to tran-
scapillary exchange. Previous studies indicate that inulin and smaller
hydrophyllic molecules diffuse across capillary walls at rates propor-
tional to their respective free water diffusion coefficients. For the
ratio of the transcapillary permeability coefficients of inulin and gal-
lamine to equal their free water diffusion coefficient ratio of 5.34 =+
0.02 (= SD), it appears that the sum of blood flow to the fast and
slow interstitial fluid compartments is less than cardiac output. When
this assumption is made, blood flow to fast equilibrating interstitial



fluid is estimated to be 39% of cardiac output, in agreement with pre-
vious measurements of splanchnic blood flow. This supports the
hypothesis that the fast equilibrating interstitial fluid space is sup-
plied by porous splanchnic capillaries that lack a continuous invest-
ment of basement membrane.

Heterogeneity of interstitial fluid space demonstrated by simultaneous kinet-
ic analysis of the distribution and elimination of inulin and gallamine. Hen-
thorn TK, Avram MJ, Frederiksen MC, Atkinson AJ Jr. ] Pharmacol Exp Ther
1982 Aug; 222 (2), pp. 389-94.

Hemorrhage: Intracranial
Hirudin

Cellular/Molecular Mechanism of Action: Hirudin has a rel-
atively strong binding avidity for thrombin and functions as an
inhibitor of most of the biological properties associated with this
enzyme fraction.

Background Information: In humans, intracerebral hemor-
rhage (ICH) causes marked perihematomal edema formation and
neurological deficits. A rat ICH model, involving infusion of auto-
logous blood into the caudate, has been used extensively to study
mechanisms of edema formation. However, examination of the
behavioral outcome would improve its preclinical utility and provide
a more rigorous assessment of the pathological cascade of events
that occur over time. Batteries of sensorimotor function tests have
been applied (e.g. rat) to examine the neurological effects of ICH
and to examine which components of the hematoma are involved in
generating those effects.

Application: Detection and characterization of central nervous
system hemorrhagic conditions.

Route of Administration: Intravenous.

Implementation: Evaluation neurologic function from day 1 to
day 28 postinjection of (i) autologous whole blood; (ii) injection of
blood plus hirudin (thrombin inhibitor); (iii) packed red blood cells;
(iv) thrombin; (v) saline; (vi) or needle placement only.

Animal Model: Rat (behavioral tests employing forelimb
placing, preference for forelimb use for weight shifts during vertical
exploration of a cylindrical enclosure, and a corner turn test).
Interpretation and Analysis: Radioisotope-labeled hirudin
accumulates at sites of intravascular thrombosis. Behavioral reaction
tests detect the presence of marked neurological deficits by day 1
after ICH, with progressive recovery of function over 4 weeks. The
forelimb placing score parallels changes in edema. Injection of
thrombin causes (promotes), while injected hirudin reduces, ICH-
induced neurological deficits. Injection of packed red blood cells
(promotes delayed edema formation) induces delayed neurological
deficits. Such tests allow continuous monitoring of neurological
deficits after rat ICH and assessment of therapeutic interventions.
The time course of the neurological deficit closely matches the time
course of cerebral edema for both ICH and injection of blood com-
ponents. There is marked recovery of function after ICH, which may
be amenable to therapeutic manipulation.

Behavioral tests after intracerebral hemorrhage in the rat. Hua Y, Schallert T,
Keep RF, Wu J, Hoff JT, Xi G. Stroke 2002 Oct; 33 (10), pp. 2478-84.

Intravascular Blood Volume Estimation/
Extravascular Volume

Indocyanine Green (COLD System)/Methylene
Blue/Dual Thermal-Dye Double Indicator Technique

Cellular/Molecular Mechanism of Action: Indocyanine
green and methylene blue can function as indicator/tracer molecules
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that passively diffuse throughout the intravascular and potentially
other body fluid compartments.

Physiological Mechanism of Action: Methylene blue can
induce acute vasoconstrictive and positive inotropic effects during
episodes of septic shock.

Application: Indocyanine green and methylene blue can be used
as detectable molecular markers in biological systems.

Route of Administration: Methylene blue (intravenous).
Dosage: Bolus dose of methylene blue (3 mg/kg over 10 min-
utes).

Implementation: Assess the effects of inhibiting guanylate
cyclase, an enzyme involved in sepsis-related vascular and myocar-
dial dysfunctions, on hemodynamic variables including blood vol-
ume and pulmonary vascular permeability during conditions of sep-
tic shock.

A fiber-optic catheter is inserted to determine blood and extravas-
cular volumes applying the thermal-dye double indicator technique,
using indocyanine green (COLD system) in combination with meth-
ylene blue. COLD-derived variables are recorded before methylene
blue and 20 minutes, 1 hour, and 2 hours after the end of methylene
blue infusion.

Human Model: Septic shock associated with persisting
hypotension despite conventional treatment including fluid loading,
vasopressors, and inotropes (n = 15 cases). Standard hemodynamic
and oxygen-derived variables; total, intrathoracic, systolic, and dia-
stolic cardiac blood volumes; extravascular lung water; plasma os-
molarity; and lactate and protein concentrations are recorded.
Interpretation and Analysis: Mean arterial and pulmonary
artery pressures, systemic and pulmonary vascular resistances, and
left ventricular stroke work index increase, and blood lactate tran-
siently decreases after methylene blue (p < 0.05). Other variables
recorded are unchanged during a 2-hour period following methylene
blue infusion. Such findings demonstrate the acute vasoconstrictive
and positive inotropic effects of methylene blue during septic shock.
These effects are not associated with changes in blood volume,
myocardial diastolic function, or pulmonary vascular permeability
assessed by extravascular lung water.

Does methylene blue administration to septic shock patients affect vascular
permeability and blood volume? Donati A, Conti G, Loggi S, Miinch C,
Coltrinari R, Pelaia P, Pietropaoli P, Preiser JC. Crit Care Med 2002 Oct; 30
(10), pp. 2271-7.

Intravascular Compartment Volume Estimation
Labeled Albumin (Non-Radioactive)

Cellular/Molecular Mechanism of Action: Functions as a
detectable biological “marker” system that is largely incapable of
simple diffusion across biological membranes. The relatively large
molecular weight of albumin fractions compared to pharmaceutical
agents is the foundation for the application of this particular protein
fraction for such purposes.

Diagnostic Application: Non-radioactive labeled albumin has
been applied to estimate systemic intravascular fluid volume and
detect extravascular hemorrhage or transcapillary “weeping.” It has
been of particular benefit in the estimation of intravascular fluid vol-
ume in the field of exercise physiology.

Route of Administration and Dosage: Intravenous injection
only.

Considerations: Disease abnormalities such as protein-losing
enteropathy or nephropathy will promote an underestimation of the
intravascular fluid volume. Usually the blood sample utilized to esti-
mate the degree of dilution of labeled albumin within the intravascu-
lar compartment is collected within a brief period of time following
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intravenous injection. This makes underestimation of intravascular
fluid volume in the presence of disease conditions less probable.
Interpretation and Analysis: Labeled albumin concentrations
within blood (serum) samples are measured and values are ultimate-
ly utilized to estimate approximate intravascular fluid volume based
upon the known total dose administered.

Instrumentation: Spectrophotometric assay techniques can be
applied for the detection and measurement of certain non-radioactive
“marker” systems. Examples include p-nitroanalide (pNA), fluores-
cent covalent cross-linking reagents, and biotin:strepavidin-HRPO
detection systems.

Intravascular Compartment Volume Estimation
Evans Blue Dye

Cellular/Molecular Mechanism of Action: Functions as a
detectable biological dye marker system that can be quantitated in
biological fluid samples (whole blood).

Clinical Application: Utilized for calculating the approximate
systemic intravascular fluid volume. This is calculated based upon
the known initial amount (total dose) of Evans blue dye initially
administered and its final concentration following complete disper-
sal within the intravascular compartment.

Route of Administration: Evans blue (intravenous).

Dosage: Evans blue (1 mg/kg single intravenous bolus).
Considerations: In instances of lowered systemic pH levels
(running excercise, metabolic acidosis), the Evans blue dye/albumin
complex may dissociate to some degree. As a result, excessively high
estimates of intravascular compartment volume may be observed
(calculated) since the lower pH level displaces the Evans blue dye
from its protein binding site. Ultimately, the increased amount of
“free” Evans Blue dye (displaced from albumin by hydrogen ion) is
eliminated from the intravascular compartment at a more accelerated
rate than is the protein-bound Evans Blue dye. Although Evans blue
dye has a different binding constant, this phenomenon is analogous
to hydrogen ion displacement of penicillins and non-steroidal anti-
inflammatory drugs (NSAIDS) from their respective protein binding
sites on albumin.

Interpretation and Analysis: Blood concentration is approxi-
mately 0.027 mg/ml. Estimated intravascular volume is calculated
using the mathematical formula 1000/0.027 = 37 L (total intravas-
cular blood volume).

Laboratory Instrumentation: Measurement of spectrophoto-
metric absorbance at 570 nm.

Intravascular Compartment Volume Estimation/
Intravascular Compartment

Fluorescein Isothiocyanate Labeled Hydroxyethyl
Starch/Radiolabeled Red Blood Cells/Radiolabeled
Serum Albumin

Cellular/Molecular Mechanism of Action: Labeled albumin,
labeled red blood cells, and labeled hydroxyethyl starch can be
applied to measure approximate intravascular blood volume.
Application: Estimation of approximate blood volume.

Route of Administration: Intravascular, usually by intravenous
injection

Semi-Synthetic Methods: A proprietary brand of hydroxyethyl
starch (Elohaes) covalently labeled with fluorescein isothiocyanate.
Implementation: Evaluation of blood volume measurements in
suspected cases of polycythemia utilizing labeled albumin, red blood
cells, and hydroxyethyl starch (Elohaes). Dilution of labeled hydroxy-
ethyl starch (Elohaes) in vivo can be used to calculate approximate

measurements of blood volume. Reference methodologies can
employ the use of radiolabeled albumin and radiolabeled red cells.
Human Model: Cases of suspected polycythemia (e.g., n =
17; n = 8 undergoing major surgery and/or receiving intensive post-
operative care).
Interpretation and Analysis: Elimination of the labeled starch
occurs in a manner essentially the same as the “parent” unlabeled
compound. Such findings indicate that in vivo, the fluorescent tag is
stable and does not significantly alter the molecular characteristics of
the carrier molecule. The volume of distribution for labeled starch is
2.5 mL/kg lower than that for labeled albumin (p = 0.05). Blood
volume, measured from the dilution of fluorescent starch, is lower
(4.9 mL/kg) than that measured with albumin (p = 0.048) but higher
(6.61 mL/kg) than that measured with red blood cells (p = 0.0007).
The latter difference may be even smaller at marginally higher doses
of the fluorescent starch. Hydroxyethyl starch appears to provide a
valid alternative to labeled red cells as a means of calculating blood
volume. Labeling of starch with a fluorescent marker makes the
assay procedure more sensitive and infinitely easier to perform. The
dose required is not high enough to affect hemodynamic parameters.

Measuring blood volume with fluorescent-labeled hydroxyethyl starch.
Thomas E, Jones G, de Souza P, Wardrop C, Wusteman F. Crit Care Med
2000 Mar; 28 (3), pp. 627-31.

Thrombosis: Intravascular
Platelet-Specific Monoclonal Antibody
(P256)/[Nuclear Scintigraphy]

Cellular/Molecular Mechanism of Action: Radiolabeled
platelet-specific monoclonal antibody (P256) selectively detects
antigens expressed on the surface membrane of aggregated platelets.
Application: Detection of vascular thrombosis through diagnos-
tic nuclear imaging.

Experimental Interpretation: Intact (whole) immunoglobulin
promotes platelet aggregation at concentration ranging between
10~° to 107 M with a maximum of 70% aggregation. The F(ab’)2
fragment is less potent in promoting platelet aggregation and dis-
plays a maximum response of only 45%. In contrast, monovalent
Fab’ fragment causes no aggregation at concentrations up to 107" M.
Binding studies with [lllln]—labelled monovalent Fab’ fragment
demonstrate saturable displaceable binding (Kd = 9.1 X 107° M).
Note: aggregation induced by the divalent forms of the antibody is
partially dependent upon the addition of fibrinogen.
Interpretation and Analysis: Monovalent Fab’ fragment of
P256 may be used in platelet-labelling studies without risk of induc-
ing aggregation irrespective of concentration. The whole antibody, or
its divalent F(ab")2 fragment, may also be used provided their con-
centrations are kept below 10~ % M.

Instrumentation: Computer-integrated nuclear medicine scinti-
graphy camera.

In vitro studies with an antiplatelet monoclonal antibody; P256. Stuttle AW,
Ritter JM, Peters AM, Lavender JP. Nucl Med Commun 1988 Oct; 9 (10), pp.
813-5.

Vascular Blood Flow and Patency/Ultrasound
Contrast-Enhancing Agents

C;Fg Microbubbles/N, Microbubbles/SF
Microbubbles/[Ultrasonography]

Cellular/Molecular Mechanism of Action: Use of fluorocar-
bon vapor extends (prolongs) the in vivo persistence of microbubbles
from seconds to minutes, thereby facilitating the application of con-
trast ultrasonography in clinical medicine.



Application: Imaging techniques and reagents that selectively
suppress the intensity of signal from tissue structures, but not inject-
ed microbubbles, serve to further enhance image contrast. Approved
products consist of C3Fg or SFq microbubbles, and N, microbubbles
osmotically stabilized with C¢F,4. These agents allow the detection
and characterization of cardiovascular abnormalities and solid organ
lesions, such as tumors. By providing higher quality images, they
improve the accuracy and confidence of disease diagnosis and can
play a decisive role in clinical decision making. Future development
objectives include the design of agents that target specific cells for
the molecular imaging of disease, and drug and gene delivery, in-
cluding ultrasound-triggered delivery.

Route of Administration: Preparations of C;Fg microbubbles,
SF¢ microbubbles, and N, microbubbles osmotically stabilized with
C¢F,4 are administered intravenously.

Dosage: C;Fg microbubbles, SFg microbubbles, and N, micro-
bubbles osmotically stabilized with C4F, 4 are administered at dosages
commensurate with the diagnostic procedure being performed.
Considerations: Ultrasonography has, until recently, lacked
effective contrast-enhancing agents. Micrometer-sized gas bubbles
that resonate at diagnostic frequencies are ideal reflectors for ultra-
sound. However, simple air bubbles, when injected into the blood
stream, disappear within seconds through the combined effects of
Laplace pressure, blood pressure, and exposure to ultrasound energy.
Interpretation and Analysis: These agents allow the detection
and characterization of cardiovascular abnormalities and solid organ
lesions, such as tumors. By providing higher quality images, they
improve the accuracy and confidence for diagnosing disease condi-
tions and can play a decisive role in clinical decision making. New
objectives include the design of agents that target specific cells for
the molecular imaging of disease, and drug and gene delivery,
including ultrasound-triggered delivery.

Injectable microbubbles as contrast agents for diagnostic ultrasound imaging:
The key role of perfluorochemicals. Schutt EG, Klein DH, Mattrey RM,
Riess JG. Angew Chem Int Ed Engl 2003 Jul 21; 42 (28), pp. 3218-35.

Vascular Blood Flow and Perfusion/Capillary
Circulation/Perfusion
Fluorescein Isothiocyanate-Labeled Dextran

Cellular/Molecular Mechanism of Action: Fluorescein
isothiocyanate can be used as a light-emitting molecular marker
system.

Application: Fluorescein isothiocyanate can be used as a light-
emitting tracer/marker molecule in biological systems. Dextran
labeled with fluorescein isothiocyanate can be utilized as an in vivo
molecular tracer system for evaluating the acute microhemodynamic
effects of various stimuli (e.g., static and alternating magnetic fields
delivered at threshold levels in muscle capillary mirocirculation
beds).

Route of Administration: FITC-dextran solution (intravascu-
lar: e.g., vena cava).

Implementation: The skin in a tibialis anterior is circularly
removed with 1.5 mm diameter sufficient to faciliate intravital-
microscopic recording of capillary blood velocity in the tibialis ante-
rior muscle. Fluorescein isothiocyanate (FITC)-labeled dextran
(MW 150 kDa) can be used as an in vivo fluorescent plasma marker
system applicable for evaluating muscle capillaries. Following a
bolus injection of FITC-dextran solution into the caudal vein, the
peak blood velocity in the muscle capillaries is measured prior to,
during, and following exposure to static magnetic fields (SMF) or 50
Hz electromagnetic fields (EMF). The whole body of each experi-
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mental animal is then placed on an observation stage of a fluores-
cence microscope and exposed to static magnetic fields (SMF = 0.3,
1, and 10 mT) or 50 Hz EMF (0.3 and 1 mT) for 10 minutes with the
electromagnet not energized during sham exposures.

Animal Model: Mice anesthetized with pentobarbital and
exposed to static and alternating magnetic fields (threshold levels).
Interpretation and Analysis: During periods of exposure and
postexposure to SMF of 10 mT, the peak blood velocity significantly
increases compared to sham exposure preparations. After the with-
drawal of SMF and 50 Hz EMF of 1 mT, significant similar effects
on the blood velocity can be recognized (e.g. equivalent or enhanced/
greater responses). Such findings suggest that field intensity of 1 mT
might be considered as a threshold level for enhancing muscle
microcirculation under pentobarbital-induced hypnosis.
Instrumentation: Utilization of an (i) electromagnet specifically
designed to deliver static magnetic fields (SMF = 0.3, 1, and 10
mT); (ii) 50 Hz EMF (0.3 and 1 mT) instrumentation (fluorescence
epi-illumination system); and (iii) a fluorescence microscope.

Acute effects of whole-body exposure to static magnetic fields and 50 Hz
electromagnetic fields on muscle microcirculation in anesthetized mice. Xu
S, Okano H, Ohkubo C. Bioelectrochemistry 2001 Jan; 53 (1), pp. 127-35.

Vascular Blood Flow Characteristics
Fluorescent-Labeled Red Blood Cells

Application: Evluation of blood flow characteristics.
Considerations: Whole organ studies in cat skeletal muscle have
shown that increases in venous resistance associated with reduced
arterial pressures are nearly abolished when muscle is perfused with
a non-aggregated red blood cell suspension.

Implementation: Delineation of the influence red blood cell
aggregation has on in vivo vascular flow patterns and determination
of whether it leads to blunted red blood cell velocity profiles at
reduced shear rates. In this context, fluorescent-labeled red blood
cells can be applied in tracer quantities to obtain velocity profiles in
venous microvessels.

Interpretation and Analysis: Velocity profiles in venous
microvessels (45-75 wm) of rat spinotrapezius muscle have center-
line velocities between 0.3 and 14 mm/sec (pseudoshear rates 3-120
mm/sec under normal (non-aggregating) conditions, and following
induction of red blood cell aggregation with Dextran 500. Profiles
are nearly parabolic (Poiseuille flow) over this flow rate range in the
absence of aggregation. When aggregation is present, profiles are
parabolic at high shear rates and become significantly blunted at
pseudoshear rates of 40 mm/sec and below. These results indicate a
possible mechanism for increased venous resistance at reduced
flows.

Instrumentation: Video system equipped with a gated image
intensifier.

Effect of erythrocyte aggregation on velocity profiles in venules. Bishop JJ,
Nance PR, Popel AS, Intaglietta M, Johnson PC. Am J Physiol Heart Circ
Physiol 2001 Jan; 280 (1), pp. H222-36.

Vascular Blood Flow Characterization/Aorta/Renal
Artery and Vein/Portal Vein/Vena Cava
Indocyanine Green/SH U 508 A Microbubbles
(Levovist)/[Doppler Ultrasound]

Cellular/Molecular Mechanism of Action: Indocyanine
green and microbubbles can be infused into the intravascular com-
partment where they passively disperse throughout the blood volume
whereby they function as a tracer agents.
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Application: Indocyanine green and microbubbles can be
applied to characterize blood flow through vascular structures.
Route of Administration: Indocyanine green and microbubbles
are both administered intravascularly.
Dosage: Indocyanine green (1.25 mg/mL at 0.1 mL/kg); SH U
508 A (300 mg/mL at 0.1 mL/kg).
Considerations: SH U 508 A microbubbles (Levovist) can be
detected by Doppler ultrasound.
Implementation: Evaluation of blood flow within the vena
cava, aorta, renal artery, renal vein, and portal vein. The kinetics of
indocyanine green can be evaluated by measuring absorbance values
using a photodiode, while SH U 508 A microbubbles (Levovist) are
detectable using Doppler ultrasound.

Animal Model: Rabbit (n = 5).
Interpretation and Analysis: Peak signal intensity is observed
immediately after injection of SH U 508 A, followed by a biphasic
decay pattern. The rates of biphasic decay are similar in all vessels.
A second peak of the signal that represents microbubble recircula-
tion is observed within the vena cava. The circulation and recircu-
lation times of the microbubbles after injection of SH U 508 A are
similar to that of indocyanine green. These findings suggest that
majority of the SH U 508 A microbubbles circulate through the body
in a manner similarly to blood flow and without retention in micro-
vasculature structures.

In vivo kinetics of microbubbles of SH U 508 A (Levovist): Comparison with
indocyanine green in rabbits. Uchimoto R, Niwa K, Eguchi H, Kamiyama N,
Mine Y, Miyazawa T, Brautigam M. Ultrasound Med Biol 1999 Nov; 25 (9),
pp. 1365-70.

Vascular Malformation (Cardiac): Patent Ductus
Arteriosus
Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

Cellular/Molecular Mechanism of Action: Permanently
inhibits cyclooxygenase biochemical activity through direct acetyla-
tion of the enzyme, thereby preventing the conversion of arachidonic
acid (generated by phospholipase A,) to the prostaglandin intermedi-
ates, PGG and PGH.

Diagnostic Application: In cases of systolic murmurs in neona-
tal infants, NSAIDs can be applied to diagnose and therapeutically
manage congenital patent ductus arteriosus disorders. If it has
already been established through auscultation and echocardiography
that a neonatal case has a patent ductus arteriosus, then NSAIDs can
assist in determining if the PDA is physiological or functional. The
proposed mechanism behind the response to NSAIDs in physiologi-
cal PDA is that the endothelium within the PDA persistently synthe-
sizes elevated concentrations of PGI,, which is one of the most
potent vasodilators identified to date. Indomethocin is an example of
one non-steroidal agent used in human neonatal internal medicine
that can facilitate the closure of physiological PDA through inhibi-
tion of PDA endothelial PGI, synthesis.

Route of Administration and Dosage: Intravenous or oral
administration.

Considerations: Prolonged administration promotes develop-
ment of several types of pathological lesions including gastric/intes-
tinal ulceration and renal papillary necrosis. Such responses have
been theorized as being associated with vasoconstriction due to
decreases in the synthesis of vasodilatory prostacyclin (PGI,).
Laboratory Instrumentation: Inhibition of platelet PGI, syn-
thesis by NSAIDs can be detected by direct RIA or ELISA based
assay methodologies. Alternatively, inhibition of platelet PGI, syn-
thesis can be indirectly detected by measurement of malondialde-
hyde production, applying thiobarbituric acid in a low pH buffer

environment. The chemical reaction is very sensitive but its specifici-
ty, even with improvement of preanalytical (sampling, preservatives)
and analytical stages (fluorescence, HPLC), is still a matter of de-
bate. At present, the concept of “thiobarbituric acid reactive sub-
stances” (TBARS) has merged and progressively replaced the initial
malondialdehyde assay.

Vascular Malformation (Central Nervous System):
Arteriovenous
Methohexital/[Angiography]

Physiological Mechanism of Action: Methohexital is a barbi-
turate that acts as a central nervous system depressant.
Application: Existing reports suggest that methohexital is a safe
provocative agent for use prior to embolotherapy for brain arteriove-
nous malformations. However, the full effects of methohexital with-
in the cerebral circulation remain to be elucidated.

Route of Administration: Methohexital (intra-arterial).
Dosage: Methohexital (1% concentration with individual doses
of 1-6 mg/injection).

Interpretation and Analysis: Arterovenous malformation can
initially be characterized with the aid of digital vascular imaging
methods performed just prior to and just after intra-arterial metho-
hexital injection.

Human Model: Cases without angiographic or clinically

detectable evidence of vasospasms (e.g. n = 66 vascular pedicle
injections in n = 30 cases).
Interpretation and Analysis: Perfusion of functional tissue
with methohexital can often immediately precipitate evidence of
altered neurologic status that fortunately almost invariably resolves
within 2 minutes of the initial onset. No signs of either prolongation
of the induced clinical symptoms or seizures are evident to suggest
any adverse effects related to either methohexital crystallization or
the effects of injecting an alkaline solution into the cerebral vascular
circulation.

Though the full effects of methohexital in the cerebral circulation
remain to be elucidated, existing reports suggest it is a safe provoca-
tive agent for use prior to embolotherapy for brain arteriovenous
malformations.

Intra-arterial use of sodium methohexital for provocative testing during brain
embolotherapy. Peters KR, Quisling RG, Gilmore R, Mickle P, Kuperus JH.
AJNR Am J Neuroradiol 1993 Jan—Feb; 14 (1), pp. 171-4.

Vascular Malformation (Central Nervous System)/
Arteriovenous Embolism (Cerebral)/Vascular
Blood Flow

Sodium Amobarbital/N-butyl Cyanoacrylate
Glue/[Angiography]

Application: Determine whether a method of targeted neurologic
and cognitive testing procedures performed as a guide during arte-
riovenous malformation (AVM) embolization techniques can reduce
the incidence of focal cognitive and other neurologic deficits associ-
ated with performing such procedure.

Route of Administration: In each feeder-vessel initially being
considered for embolization procedures, sodium amobarbital is
superselectively delivered applying a microcatheter system. N-butyl
cyanoacrylate glue is sequentially delivered by the same route of
administration if the proposed site of embolization is deemed to be
without undesirable side effects.

Dosage: Sodium amobarbital (50 mg); N-butyl cyanoacrylate
glue (dose appropriate for the diameter of the cerebral AVM).



Considerations: Transarterial embolization of cerebral AVMs
has been associated with postprocedural neurologic complications in
7 to 39% of affected cases.

Implementation: Prior to AVM embolization, cases are subject-
ed to cognitive neurologic examinations (n = 12 cases) involving a
battery of tests tailored for their specific ability using stimuli select-
ed from standard and experimental cognitive tests to probe specific
regions of the brain directly related to the location of the cerebral
arteriovenous malformations. Immediately following the administra-
tion of sodium amobarbital into each feeder vessel to be embolized,
neurologic and cognitive testing is initiated utilizing a tailored bat-
tery of stimuli and then the position of the microcatheter tip validat-
ed by fluoroscopy. If the provocative test results were negative, the
evaluated feeder vessel is then embolized with an injection of N-
butyl cyanoacrylate glue.

Interpretation and Analysis: Provocative amobarbital injec-
tions often produce negative results (27/29), which implies that sub-
sequent embolization of cerebral AVMs will not produce an undesir-
able neurologic deficit. A small percentage of cases (e.g. n = 2/29)
will experience cognitive deficits during tailored provocative testing
with amobarbital injections with the evoked deficits that subsequent-
ly resolve when the pharmaceutical dissipates. In such instances, the
feeder vessels are usually not embolized. Neurologic and cognitive
evaluations are performed after permanent embolization with N-
butyl cyanoacrylate glue.

Tailored cognitive testing with provocative amobarbital injection preceding
A-VM embolization. Moo LR, Murphy KJ, Gailloud P, Tesoro M, Hart J.
AJNR Am J Neuroradiol 2002 Mar; 23 (3), pp. 416-21.

Vascular Malformation (Central Nervous
System)/Autonomic Nervous System Dynamic
Time-Frequency Analysis

Sodium Amobarbitol/Wada Test

Background Information: Recently, time-frequency analysis
has become very popular for examining non-stationary time series
and for researching fast-changing phenomena.
Application: Utilization in Wada test techniques involving the
injection of sodium amobarbitol into the internal carotid artery,
resulting in the inactivation of cerebral structures supplied by the
ipsilateral anterior and middle cerebral arteries. The intracarotid
instillation of amobarbital can be combined with electrocardiograph-
ic analyses to monitor regions and extent of localized CNS anesthe-
sia (electrocardiopharmacology test).
Route of Administration: Amobarbitol (catheter instillation
into the internal carotid artery).
Implementation: Utilization of a smoothed-pseudo Wigner-
Ville distribution to model the underlying dynamic autonomic nerv-
ous system changes induced during intracarotid sodium amobarbital
administration (ISA Wada test). Electrocardiogram (EKG) tracing
are recorded during the entire procedure and 10 minutes prior to each
injection to establish baseline values for a given hemisphere. Inter-
beat-interval time series are created from such data and then further
analyzed (smoothed-pseudo Wigner-Ville distribution to model).
Human Model: Case affected by a vascular malformation
within the central nervous system (e.g. n = 1 that is 13-years of age).
Interpretation and Analysis: Review of data generated in the
fashion described reveals that an injection of sodium amobarbitol
into either side (e.g. cerebral hemisphere) produces decreased power
in the vagally mediated high-frequency band (0.14-0.40 Hz). Impor-
tantly, the decrease is greater when the right hemisphere is inactivat-
ed in contrast to the left side. Such results are consistent with the
known lateralized innervation of the heart such that right-sided auto-
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nomic input has a greater influence on cardiac chronotropy. Very rap-
id changes in autonomic control occur that characterize the inactiva-
tion and subsequent recovery of the cerebral hemispheres and serve
to confirm the utility of time-frequency analysis in the investigation
of cardiac time series.

Time frequency analysis of the cardiovascular response during the intrac-
arotid amobarbital test. Sollers JJ 3rd, Ahern GL, Merritt MM, Thayer JF.
Biomed Sci Instrum 2002; 38, pp. 267-71.

Vascular Malformation: Hepatic Portosystemic
Shunt/Non-Invasive Detection of Portosystemic
Shunt Patency/Postoperative Shunt Anastomois
Occlusion

D-Xylose/[Urinary Excretion]

Physiological Mechanism of Action: D-xylose is normally
assimilated by hepatocytes. In circumstances where the plasma con-
centration of D-xylose exceeds the renal threshold, significant
amounts are excreted into the urinary filtrate.

Application: The D-xylose excretion test appears to be a useful
method of monitoring shunt patency after a portasystemic venous
anastomsis for portal hypertension.

Implementation: Evaluation of cases of hepatic portosystemic
shunt using a D-xylose 0.5-hour urinary excretion test.

Human Model: Cases of hepatic portosystemic shunt.
Interpretation and Analysis: A 5-hour D-xylose urinary excre-
tion test yielding a total estimate greater than 6 grams appears to be
an acceptable indicator that a shunt is patent. A second criterion for
patency is an increase of 4 grams or more over results observed dur-
ing preoperative tests. If the excretion rate falls in the postoperative
period or remains less than 4-2 grams/5 hours, the anastomosis may
be assumed to be occluded.

Assessment of portasystemic shunt patency by estimation of D-xylose excre-
tion. Smith RC, Macpherson Al Br J Surg 1976 Jun; 63 (6), pp. 435-7.

Vascular Malformation/Recirculation
Glucose

Application: Vascular access recirculation is an important cause
of diminished dialysis efficiency. A screening test has been devel-
oped based on glucose infusion as a tracer for assessing recircula-
tion.
Implementation: The glucose infusion test (GIT) protocol in-
volves collection of a basal blood sample (A) from the arterial port,
followed by injection of a 5 mL bolus of 20% glucose into the
venous chamber (time 0). A second sample (B) is collected in 4 sec-
onds (from 13 to 17 s with QB 300 mL/min) from the same port.
Blood glucose levels can be determined at the bedside with a
reflectance photometer (CV 1.8%).

Human Model: Cases subjected to hemodialysis (e.g. n =
39).
Interpretation and Analysis: Interpretation of the test is
straightforward: If B = A, there is no recirculation, whereas if B >
A, recirculation can be calculated from the regression equation,
0.046 X (B — A) + 0.07, obtained from in vitro tests reproducing
artificial recirculation at 0, 5, and 10%. To validate the method in
vivo, comparisons can be made between GIT and the urea test in cases
managed by hemodialysis. The degree of correlation is relatively
high (r = 0.93). The 2 tests are considered positive (presence of
recirculation) when the lower 95% confidence intervals are more
than 0. Cases can be divided into 2 groups: those with evidence of
recirculation (e.g. n = 22/39 with 11.8% mean recirculation) or
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without evidence of recirculation (e.g. n = 17/39; mean 0.06%). The
urea test does not recognize approximately 30% of cases (e.g., n =
7/22) because they have a small degree of recirculation below the
urea test limit of detection. GIT is more sensitive (detection limit
0.3%), simpler, and immediate in the generation of meaningful
results compared to the urea test. It is an accurate and low-cost tech-
nique for screening and the follow-up of vascular access in a dialysis
unit.

Glucose infusion test: A new screening test for vascular access recirculation.
Magnasco A, Alloatti S, Bonfant G, Copello F, Solari P. Kidney Int 2000
May; 57 (5), pp. 2123-8.

Vascular Patency (Vascular Grafts)/Endothelium
Response and Dysfunction/Epicardial
Response/Coronary Endothelial
Function/Microvascular Flow
Acetylcholine/Nitroglycerin

Cellular/Molecular Mechanism of Action: Acetylcholine is
a neutrotransmitter that binds to and stimulates parasympathetic
(cholinergic) receptor complexes.
Physiological Mechanism of Action: Coronary artery spasm
can be induced by acetylcholine, serotonin, ergonovine, or hista-
mine, all of which cause vasodilation when the endothelium is intact
by releasing nitric oxide (NO). In conditions of coronary artery
spasm, acetylcholine induces a spasmodic response that can be
promptly relieved by nitroglycerin, which promotes vasodilation
through a direct action on vascular smooth muscle. Such findings
imply that some form of abnormality in endothelial integrity exists in
conditions of coronary spasm that can be accentuated by acetyl-
choline and histamine, and to a lesser by ergonovine and serotonin.
In general, all ergot alkaloids exert their biological effect as partial
agonists or antagonists at adrenergic, dopaminergic, and tryptamin-
ergic receptor complexes. Effects of full agonists like norepinephrine
are usually augmented by low ergot alkaloid concentrations. Similar-
ly, the contractile response to agents like acetylcholine can some-
times be augmented by low ergot alkaloid concentrations.
Background Information: Coronary endothelial dysfunction
may be an early marker for cardiac allograft vasculopathy (CAV) in
orthotopic heart transplant recipients. Using serial studies with
intravascular ultrasound and Doppler flow-wire measurements, it has
been demonstrated that annual decrements in coronary endothelial
function are associated with progressive intimal thickening.
Application: Assessment of epicardial response, microvascular
response, and endothelium-dependent responses that can provide
valuable information about the integrity and function of vascular
graft transplants.
Route of Administration: Adenosine, acetylcholine, and nitro-
glycerin infused into the left anterior descending coronary artery.
Dosage: Adenosine (32 pg bolus), acetylcholine (54 pg over 2
minutes), and nitroglycerin (200 pg).
Implementation: Evaluation of endothelial dysfunction as a
potential parameter capable of predicting subsequent clinical events,
including cardiac death and development of CAV conditions.
Clincial cases can be characterized on a yearly basis initially
beginning at the time of transplantation procedures until reaching a
prespecified end point determined as angiographic evidence of CAV
(> 50% stenosis) or cardiac death (graft failure or sudden death).
During each study, coronary endothelial function is measured with
the aid of intracoronary infusions of adenosine (32 g bolus), acetyl-
choline (54 g over 2 minutes), and nitroglycerin (200 pg) into the

left anterior descending coronary artery; intravascular ultrasound
images and Doppler velocities are simultaneously recorded during
and after diagnostic challenges.

Human Model: Cases of vascular transplant (n = 73).
Interpretation and Analysis: A modest percentage of cases
will reach an end point during the evaluation process (e.g., n = 14; n
= 6 CAV; n = 4 deaths including n = 4 known CAV; n = 1 graft
failure, and n = 3 sudden death). Case group types with an end point
will display decreased epicardial acetylcholine responses (constric-
tion of 11.1 * 2.9% vs dilation of 1.7 £ 2.2%, p = 0.01) and
microvascular acetylcholine responses (flow increase of 75 * 20%
vs 149 *£ 16%, p = 0.03), as well as endothelium-dependent re-
sponses to acetylcholine compared with cases that do not reach an
end point. Responses to adenosine and nitroglycerin do not differ
significantly. Endothelial dysfunction detected as an abnormal
responses to acetylcholine, precedes the development of clinical end
points. These data implicate endothelial dysfunction in the develop-
ment of clinically significant vasculopathy and suggest that serial
studies evaluating endothelial function have clinical utility.

Coronary endothelial dysfunction after heart transplantation predicts allo-
graft vasculopathy and cardiac death. Hollenberg SM, Klein LW, Parrillo JE,
Scherer M, Burns D, Tamburro P, Oberoi M, Johnson MR, Costanzo MR.
Circulation 2001 Dec 18; 104 (25), pp. 3091-6.

Vascular Perfusion: Coronary Microcirculation/
Regulation: Vasodilatory and Perfusion
Reserve

Adenosine Phosphate/Colored Microspheres

Cellular/Molecular Mechanism of Action: Colored micros-
pheres variably impede/absorb/reflect ultrasound wave energy forms.
Physiological Mechanism of Action: Adenosine phosphate
promotes relaxation of vascular smooth muscle.
Application: Evaluation of microvascular perfusion parameters.
Route of Administration: Adenosine phosphate (intravenous/
rat), colored microspheres (intravenous).
Dosage: Adenosine phosphage (3 mg/kg/min).
Implementation: Measurement of perfusion parameters based
on perfusion-sensitive T1 relaxation after magnetic spin labeling of
water protons. Regional blood volume (RBV) is determined from
steady-state measurements of T1 before and after administration of
an intravascular contrast agent. A colored microsphere technique can
be used as a reference method for establishing perfusion measure-
ments. Regional blood volume and perfusion maps are obtained at
rest and during administration.

Animal Model: Rat.
Interpretation and Analysis: At MR imaging, perfusion dur-
ing resting conditions is 3.5 mL/g/min * 0.1 (SEM), while RBV is
11.6% = 0.6 (SEM). Adenosine phosphate significantly increases
perfusion to 4.5 mL/g/min * 0.3 (SEM) and decreases mean arterial
pressure from 120 mm Hg to 65 mm Hg, which implies a reduction
of coronary resistance to 40% of baseline. Regional blood volume
increases consistently to 23.8% = 0.6 (SEM). Quantitative mapping
of perfusion and RBV can therefore be performed noninvasively in
vivo by means of MR imaging. The presented method allows deter-
mination of vasodilation and perfusion reserve, which reflects the in
vivo regulation of coronary microcirculation for a given stimulus.

Myocardial perfusion and intracapillary blood volume in rats at rest and with
coronary dilatation: MR imaging in vivo with use of a spin-labeling tech-
nique. Waller C, Kahler E, Hiller KH, Hu K, Nahrendorf M, Voll S, Haase A,
Ertl G, Bauer WR. Radiology 2000 Apr; 215 (1), pp. 189-97.



Vascular Perfusion: Dermal Microvasculature/
Delineation of Perfused to Total Capillary
Ratio

Sodium Fluorescein

Application: Delination of the nature of temporal variation in
capillary numbers and determination of the proportion of perfused to
total nutritional capillaries within normal skin tissues.
Implementation: Using in vivo microscopy, the temporal
behavior of the number of visible capillaries in the skin of the dor-
sum of the foot can be observed over periods of time varying from 5
minutes to 55 days. Capillary perfusion is then studied by comparing
capillary numbers before and after intravenous injection of sodium
fluorescein.

Human Model: Healthy subjects.
Interpretation and Analysis: The mean percent difference in
the number of visible capillaries over a mean period of 25.3 days is
5.5%. The percentage ratio of perfused to total capillaries is 54.2%.
There appears to be little quantitative change in capillary numbers
over periods of up to 50 days, and under physiological conditions,
about half of the nutritional capillaries of the skin are not perfused.

Study of temporal and perfusion physiology of skin capillaries in the dorsum
of the foot. Lamah M, Mortimer PS, Dormandy JA. J Vasc Res 2001 Jan-Feb;
38 (1), pp. 59-63.

Vascular Perfusion: Dermal Microvascular (Diabetic
Foot Ulcers)
Fluorescein

Background Information: Fluorescein dermofluorometry can
be used to relate the uptake of fluorescein in the skin to blood flow.
Application: The dye wash-in time constant parameters are
inversely proportional to local dermal blood flow.
Implementation: Evaluation of fluorescein dermofluorometry
for the detection and characterization of dermal ulcers. The out-
comes of foot ulcers have been documented in cases over a 4-14
month period of time. Following intravenous injection of sodium flu-
orescein, the change in the fluorescein signal with time is continu-
ously measured at the plantar surface of the foot. Both the initial
slope of the signal and the wash-in time constant are then calculated.
Human Model: Cases of cutaneous diabetic foot ulcers (n =
4 groups: non-diabetic control patients, diabetic control patients, dia-
betic patients with chronic foot ulcers, and diabetic patients with
acute foot ulcers).
Interpretation and Analysis: Significant differences in the
wash-in time constant can be appreciated between diabetic and non-
diabetic conditions and between diabetic subjects with and without
foot ulcers. In cases with foot ulcers, a relatively large percent may
not display an early washout in the dermofluorometer signal and later
require amputation (e.g., n = 2/8 or 25%). The fluorescein wash-in
time constant demonstrates better correlation with the presence of
diabetic microvascular disease than does the initial slope of the sig-
nal. Differences in the wash-in time constants of non-diabetic and
diabetic subjects support the hemodynamic hypothesis for the devel-
opment of microvascular disease. The indication of early washout of
the fluorescein signal may also be useful in the prediction of ulcer
healing.

Fluorescein dermofluorometry for the assessment of diabetic microvascular
disease. Oh DK, Jones RN, Marshall W, Magin RL. Skin Res Technol 2001
May; 7 (2), pp. 105-11.

CHAPTER 1T CARDIOVASCULAR SYSTEM 45

Vascular Perfusion: Dermal Microvasculature
(Diabetic Foot Ulcers)/Ulcers: Dermal Vasomotor
Responses in Diabetes Associated Foot Lesions
Sodium Fluorescein

Background Information: A loss of sympathetic function
could lead to changes in capillary fluid filtration in diabetic condi-
tions.
Application: Delineation of the association between abnormal
capillary leakage with decreases in sympathetically mediated dermal
vasomotion responses in diabetic conditions.
Implementation: Evaluation of sensory and motor nerve func-
tion of the distal extremities assessed utilizing standard neurography
and expressed as a sensory-motor nerve function score. Sympathetic
vasomotion of the skin microcirculation is assessed by determining
the power of blood flow variability in the low-frequency (0.02-0.14
Hz) band by spectral analysis of laser Doppler flowmetry at the
median ankle. Skin capillary leakage is evaluated by sodium fluores-
cein videodensitometry at the same site over the foot.

Human Model: Cases of diabetic cutaneous foot ulcers (n =
3 matched groups; n = 18 diabetic cases with documented peripher-
al neuropathy [DN], n = 18 diabetic cases without peripheral neu-
ropathy [D], n = 18 healthy control subjects [C]).
Interpretation and Analysis: Sympathetically mediated vaso-
motion of foot skin microcirculation is lower in diabetic conditions
with documented peripheral neuropathy compared with diabetic
conditions without peripheral neuropathy and control subjects (p <
0.001). Capillary sodium fluorescein leakage is greater in diabetic
cases with documented peripheral neuropathy (n = 18) than in dia-
betic cases without peripheral neuropathy (p < 0.02) and C (p <
0.005). Multiple regression analysis reveals that reduced sympathet-
ically mediated vasomotion, together with a lower sensory-motor
nerve function score, independently contributes to variances in sodi-
um fluorescein leakage [30% (p < 0.001); and 17% (p < 0.01),
respectively]. A loss of sympathetic tone, apart from sensory-motor
nerve dysfunction, seems to be a major determinant of increased
capillary permeability in diabetic cases with neuropathy.

Sympathetic mediated vasomotion and skin capillary permeability in diabetic
patients with peripheral neuropathy. Lefrandt JD, Bosma E, Oomen PH,
Hoeven JH, Roon AM, Smit AJ, Hoogenberg K. Diabetologia 2003 Jan; 46
(1), pp. 40-7.

Vascular Permeability: Capillary/Blood Flow and
Arterial Input Function
Indocyanine Green (ICG)/Methylene Blue (MB)/[MRI]

Cellular/Molecular Mechanism of Action: Indocyanine
green and MB are pigment-based dyes.

Application: Indocyanine green and MB can be utilized as aque-
ous soluble molecular marker/indicator systems for the evaluation of
various physiological processes.

Implementation: Following administration of indocyanine
green and methylene blue, measurements are acquired with a com-
bined frequency-domain and steady-state optical technique that facil-
itates rapid measurement of tissue absorption in the 650-1000 nm
spectral range. Tumors can also be imaged by using contrast-
enhanced magnetic resonance imaging and coregistered with the loca-
tion of the optical probe. The absolute concentrations of contrast
agent, oxyhemoglobin, deoxyhemoglobin, and water are measured
simultaneously each second for a period of approximately 10 minutes.
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Animal Model: Rat (adenocarcinoma).

Interpretation and Analysis: The differing tissue uptake kinet-
ics of ICG and MB in late-stage tumors arise from differences in
their effective molecular weights. ICG, because of its binding to
plasma proteins, behaves as a macromolecular contrast agent with a
lower degree of vascular permeability. A compartmental model
describing ICG dynamics is used to quantify physiologic parameters
related to capillary permeability. In contrast, MB behaves as a small-
molecular-weight contrast agent that leaks rapidly from the vascula-
ture into the extravascular, extracellular space and is sensitive to
blood flow and the arterial input function.

In vivo quantification of optical contrast agent dynamics in rat tumors by use
of diffuse optical spectroscopy with magnetic resonance imaging coregistra-
tion. Cuccia DJ, Bevilacqua F, Durkin AJ, Merritt S, Tromberg BJ, Gulsen G,
Yu H, Wang J, Nalcioglu O. Appl Opt 2003 Jun 1; 42 (16), pp. 2940-50.

Vascular Permeability (Endothelial Integrity)/
Endothelial Injury and Viability
Evans Blue Dye Staining

Cellular/Molecular Mechanism of Action: Evans blue dye is
a pigment-based reagent that becomes differentially associated with
viable vs compromised cell populations (e.g., vascular endothelium).
Physiological Mechanism of Action: Tumor necrosis factor-
alpha (TNF-a) soluble receptor (TNFsr) has been shown in vitro and
in vivo to neutralize TNF-mediated biological activity.
Background Information: Tumor necrosis factor-a is ex-
pressed locally in arteries at sites of balloon injury. In vitro studies
have shown that TNF inhibits cell cycle progression and induces
apoptosis in endothelial cells.

Application: Evans blue dye staining can be applied to evaluate
viable ex vivo preparations of vascular structures to determine the
integrity of endothelial surfaces.

Implementation: Evaluation of the hypothesis that inhibiting
TNF could accelerate endothelial recovery after angioplasty. Prepa-
rations of TNFsr vs control IgG can be administered by intraperi-
toneal injection. De-endothelializing balloon injury can then be cre-
ated, and the resulting induced lesions evaluated 1 week later for
evidence of reendothelialization (Evans Blue dye staining); and then
after 2 weeks evaluated for reendothelialization and endothelial
function.

Animal Model: Rat (Sprague-Dawling strain).
Interpretation and Analysis: At both time points, blockade of
TNF biological activity with TNFsr results in increased reendothe-
lialization, as measured as absolute area and percent area reendothe-
lialized. TNFsr also accelerates functional endothelial recovery that
manifests as an increase in nitric oxide (NO) production. Neointimal
thickening can also be appreciated as being inhibited. Blockade of
TNF in vivo accelerates functional endothelial recovery after baro-
traumatic de-endothelializing injury. Locally expressed TNF there-
fore acts to inhibit functional endothelial recovery after angioplasty
and transient blockade of TNF may improve the long-term success
of angioplasty.

Evans Blue Staining: The reagent facilitates detection of a demar-
cation between viable endothelial cell populations and subendothe-
lial collagen.

In vivo blockade of tumor necrosis factor-alpha accelerates functional
endothelial recovery after balloon angioplasty. Krasinski K, Spyridopoulos I,
Kearney M, Losordo DW. Circulation 2001 Oct 9; 104 (15), pp. 1754-6.

Vascular Permeability/Extravasation Processes
Evans Blue Dye

Cellular/Molecular Mechanism of Action: Evans Blue dye is
a pigment-based reagent that can be detected visually within the vis-
ible light range.
Background Information: Oxidative stress appears to be rele-
vant to asthma pathogenesis.
Application: Evans blue dye is a pigment-based reagent that can
be used as a visual marker or indicator molecule that is compatible
with biological systems. In this context, it is often applied as a dilu-
tion marker system within the intravascular compartment for meas-
uring total intravascular compartment size and extravasation of plas-
ma proteins and hematologial cell types into the extravascular tissue
space.
Implementation: Application of Evans Blue dye to evaluate
extravasation into bronchoalveolar lavage fluid following antigen-
induced pulmonary responses and the effectiveness of the antioxi-
dant N-acetylcysteine (oral, 1 mmol/kg/day for 7 days before chal-
lenge).

Animal Model: Rat (Brown Norway strain that are antigen
pre-sensitized).
Interpretation and Analysis: N-acetylcysteine does not reduce
the immediate bronchospasm that follows aerosol antigen exposure
but does prevent airway hyperreactivity to 5-hydroxytryptamine at
24 hours after antigen challenge. In the absences of N-acetylcys-
teine, eosinophil numbers are higher (0.178 * 0.038) than with the
administration of N-acetylcysteine (0.064 + 0.020 X 10° cells/ml)
which is significant (p < 0.05) and directly corresponds with con-
centrations of Evans blue dye extravasated into bronchoalveolar
lavage fluid. Taurine levels in bronchoalveolar lavage fluid from anti-
gen-challenged in vivo models are higher than control values but
treatment with N-acetylcysteine fails to further increase these aug-
mented levels. N-acetylcysteine appears to have beneficial effects in
in vivo models of experimental asthma and serves to validate related
findings pertaining to other models of lung injury.

Effectiveness of oral N-acetylcysteine in a rat experimental model of asthma.
Blesa S, Cortijo J, Martinez-Losa M, Mata M, Seda E, Santangelo F, Morcil-
lo EJ. Pharmacol Res 2002 Feb; 45 (2), pp. 135-40.

Vascular Permeability: Retinal/Minimally-Invasive
Diagnostic Strategy [Diabetes]
Sodium Fluorescein

Background Information: Diabetic retinopathy is the leading
cause of blindness in working-age individuals in the United States.
Breakdown of the blood-retinal barrier is one of the earliest events in
the progression of diabetic retinopathy. Ideally, therapeutic measures
should be directed at this early stage of such conditions, but there are
few sensitive, quantitative methods to assess the retinal vascular bar-
rier in vivo.
Application: Quantitative assessment of the retinal vascular bar-
rier.
Implementation: Utilization of two fluorescent tracers in com-
bination with fluorescence microangiography to quantitatively assess
retinal vascular barrier (* infusion of a hyperosmolar solution of 1.6
M mannitol for 5 minutes).

Animal Model: Rat (Long-Evans strain).
Interpretation and Analysis: Permeability X surface area/flow
(PS/F) describing the retinal vasculature is 0.086 = 0.031 (n = 13,



avg. = SD). Based on estimates of flow and surface area, estimated
permeability of sodium fluorescein is approximately 1.2 x 107°
cm/sec. Infusion of a hyperosmolar mannitol solution significantly
increases PS/F within individual veins and significantly increases
flow-weighted PS/F from 0.073 *= 0.028 to 0.16 £ 0.034 (n = 3).
Quantitative in vivo assessment of retinal vasculature can be delin-
eated applying an adapted indicator dilution technique. Dual-tracer
fluorescence angiography appears to be a sensitive indicator for
detecting increases in the blood-retinal barrier produced by hyperos-
molar mannitol. The methodology may be a promising new mini-
mally-invasive strategy that may be adapted to quantitatively track
retinal vascular permeability.

Instrumentation: Fluorescence microangiography.

Retinal vascular permeability determined by dual-tracer fluorescence angiog-
raphy. Russ PK, Gaylord GM, Haselton FR. Ann Biomed Eng 2001 Aug; 29
(8), pp. 638—47.

Vasodilation Response Capacity: Echocardiography
Nitroglycerin

Cellular/Molecular Mechanism of Action: Activates gua-
nylate cyclase, thereby increasing the synthesis of guanosine 3',5’
monophosphate (¢cGMP) within smooth muscle tissues. In part this is
mediated by increasing nitric oxide (NO) production that in turn
increases cGMP levels. Ultimately light chain myosin is dephospho-
rylated, which functions in the contractile process. Analogs of cGMP
also relax vascular and bronchial smooth muscles.
Physiological Mechanism of Action: Nitroglycerin promotes
primarily venodilation properties at lower dosages compared to its
effect on arteriole structures.
Application: Echocardiography/pharmaceutical provocative test
procedures.
Route of Administration: Nitroglycerin (multiple/variable).
Implementation: Evaluate the effects of non-ECG-triggered
imaging. During ultrasound studies of endothelial function, brachial
artery diameters can be measured throughout the cardiac cycle at
rest, during reactive hyperemia, and after nitroglycerin administra-
tion. R-wave-triggered imaging can be performed using a 7.5 MHz
ultrasound transducer with data acquisition every 41.7-66.7 ms. Car-
diac cycle-related variation is computed as the maximum percent
change from the end-diastolic diameter. The range of possible errors
in flow-mediated dilation (FMD) and nitroglycerin-mediated vasodi-
lation that may result from ignoring cyclic variations in diameter are
determined for each condition.

Human Model: n = 24 subjects.
Interpretation and Analysis: True FMD, true nitroglycerin-
mediated vasodilation, and the maximum and minimum values that
can be erroneously calculated for FMD if timing is ignored all differ
dramatically (p < 0.05). The range of apparent FMD values that can
be measured is nearly 3 times the true FMD value. Ignoring temporal
position within the cardiac cycle artifactually increases calculated
FMD into the normal range, despite truly impaired FMD. Peak arte-
rial dilation occurs before end-systole and greater baseline vessel
compliance is associated with greater FMD. Brachial arterial diame-
ters vary significantly throughout the cardiac cycle. The magnitude
of this variation is similar to the arterial dilation induced by reactive
hyperemia and nitroglycerin, making ECG-triggered imaging man-
datory for accurate and reproducible measurements of artery diam-
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eters and FMD. Measurement of diameters at end-diastole may be
preferred to other time points in the cardiac cycle.
Instrumentation: 7.5 MHz ultrasound transducer.

Effect of cardiac cycle on ultrasound assessment of endothelial function.
Chuang ML, Douglas PS, Bisinov EA, Stein JH. Vasc Med 2002 May; 7 (2),
pp. 103-8.

CARDIOVASCULAR RESPONSE TESTS

Angina
Dipyridamole/[?° Thallium]/Stress Test/[Nuclear
Scintigraphy]

Cellular/Molecular Mechanism of Action: Influences the
metabolism and transport of adenosine and adenosine nucleotides. In
this context, dipyridamole, a nucleotide transport blocker, suppresses
the intracellular infux of adenosine, which is released from myocar-
dial tissues that have been deprived of adequate oxygen.
Physiological Mechanism of Action: Dipyridamole promotes
diminished coronary artery vascular resistance, coronary artery
vasodilation, elevates coronary artery blood flow, and increases coro-
nary artery oxygen delivery. One of the most prominent influences of
dipyridamole in this regard is its effect on the smaller diameter vas-
cular bed supplied by the coronary artery, but it has minimal effect in
regions of ischemia since these same vessels tend to already be max-
imally dilated.

Application: Characterization of coronary artery function.
Implementation: Evaluation of conditions associated with
effort angina using a series of tests including the ECG stress test,
stress [2°'T1] scintigraphy, coronary arteriography; [*°'TI] scintigra-
phy, coronary arteriography, hemodynamic echo 2-D, and ecograph-
ic monitoring performed during a dipyridamole-induced vasodila-
tion test (D).

Human Model: Cases of cardiac-associated angina. Based on
coronary arteriography results with the condition categorized in
groups classified as Type-A cases (n = 10 patients with significant
stenosis = 50%) or Type-B cases (n = 9 subjects with no significant
stenosis).

Interpretation and Analysis: Type-A disease states can present
with positive stress ECG and scintigraphy images (e.g., n = 9 cases).
The dipyridamole test can induce angor and ecographic changes
(e.g., n = 5 cases) and left ventricle wall motion disorders (e.g., n =
4 cases). Usually, [*°'T1] scans are positive in the vast majority of
Type-A cases (e.g., n = 9/9). Type-B disease states are associated
with ecographic changes in only a relatively small number of cases
(e.g., n = 2/9), but approximately two-thirds will demonstrate posi-
tive [*°'T1] scan results (e.g., n = 6/9). In Type-B cases, dipyri-
damole can produce angor (e.g., n = 2/9); ecographic changes (e.g.,
n = 1/9); left ventricle wall motion disorders (e.g., n = 1); and simi-
lar [*°'T1] defects as previously detected. In both case group types,
identical coronary arteriography findings can be observed immedi-
ately before and during dipyridamole infusion. In this context,
dipyridamole confirms provocative tests for ischemia. The same
ischemic pattern observed at stress and with dipyridamole scintigra-
phy in cases with no significant coronary stenosis suggests as patho-
genetic mechanism involving a regional lack of dilatory reserve.

Instrumentation: Coronary arteriography; [*°'TI] scan, coro-
nary arteriography, hemodynamic, echo 2-D, ecographic monitoring.
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Angina Pectoris
Dipyridamole/Stress Test/(*°' Thallium)/
[Nuclear Scintigraphy]

Cellular/Molecular Mechanism of Action: Influences the
metabolism and transport of adenosine and adenosine nucleotides. In
this context, dipyridamole, a nucleotide transport blocker, suppresses
the intracellular influx of adenosine released from myocardial tissues
that have been deprived of adequate oxygen.

Physiological Mechanism of Action: Dipyridamole promotes
diminished coronary artery vascular resistance, coronary artery
vasodilation, elevated coronary artery blood flow, and increases
coronary artery oxygen delivery. One of the most prominent influ-
ences of dipyridamole in this regard is its effect on the smaller diam-
eter vascular beds supplied by the coronary artery; but it has minimal
effect in regions of ischemia since these same vessels tend to already
be maximally dilated.

Application: Detection and characterization of alterations in vas-
cular blood flow (e.g. coronary artery)

Implementation: Evaluation of effort-induced angina condi-
tions using a spectrum of challenge or stress test procedures includ-
ing; (i) ECG stress test, (ii) stress [*°'T1] scan, (iii) coronary arteri-
ography; (iv) [**'TI] scan; (v) coronary arteriography; (vi) hemo-
dynamic echo 2-D, (vii) ecographic monitoring during the dipy-
ridamole test (D).

Considerations: Based on coronary arteriography results, cases
can be divided into groups. In Group A (10 patients with significant
stenoses = 50%), stress ecg and scintigraphy are positive in a large
percentage of cases (e.g. n = 9/10); while the dipyridamole test in-
duces angor and ecographic changes in many cases (e.g. n = 5 cases)
and in left ventricle wall motion disorders (e.g. n = 4). In ')
scan results are usually positive in the vast majority of cases affected
by these two conditions (e.g. n = 9/9 cases).

In Group B type cases (n = 9 with no significant stenosis), eco-
graphic changes can be observed in a small percentage of cases (e.g
n = 2/9) while [*°'TI] scans are positive in a larger percentage of
cases (e.g. n = 6/9). Dipyridamol can induce angor (e.g. n = 2
cases), ecographic changes (e.g. n = 1), left ventricle wall motion
disorders (e.g. n = 1), and the same [*°'TI] defects in previously
individualized patients (e.g. n = 6).

Interpretation and Analysis: Identical findings have been
observed in both case group types administered dipyridamole during
coronary arteriography when results are compared to preinjection
images. Some clinicians feel confident that dipyridamole has been
confirmed as an effective provocative test for ischemia. Markedly
similar ischemic patterns observed with stress and dipyridamole
scintigraphy in cases with no significant coronary stenosis suggest a
lack of regional dilatory reserve as a pathogenic mechanism.

Instrumentation: Coronary arteriography; [*°'TI] scan, coro-
nary arteriography, hemodynamic, echo 2-D, ecographic monitoring.

Dipyridamole test and myocardial scintigraphy with T1-201 in the diagnosis
of myocardial ischemic pathology. Caputo V, De Nardo D, Antolini M,
Caiazza F, Pitucco G. Radiol Med (Torino) 1987 May; 73 (5), pp. 390-3.

Angina Pectoris/Flow Velocity: Coronary Artery Left
Anterior Descending Branch/Coronary Flow
Reserve and Vascular Flow Velocity/Transthoracic
Echocardiography Assessement
Dipyridamole/[Adenosine]/Echocardiography

Background Information: There is an increasing need for new,
functional, and more quantitative parameters to assess coronary arte-
rial function for the purposes of evidence-based medicine. Coronary

arterial function has been widely studied using pharmacological
stimulation induced by dipyridamole or adenosine. Coronary flow
reserve (CFR), defined as the ratio of pharmacologically-induced
hyperemic flow divided by basal flow, has been found to be an
important functional index in both the clinical and subclinical stages
of cardiovascular diseases.

Application: Assessment of coronary blood flow and flow veloc-
ity determined through the combined use of dipyridamole and
transthoracic echocardiography (TTE). Such methodologies can also
be utilized to evaluate the patency of vascular graft sites.

Route of Administration: Dipyridamole (intravascular infu-
sion).

Implementation: Evaluation and comparison of transthoracic
Doppler echocardiography and MRI for measuring left anterior
descending coronary artery (LAD) flow velocity and CFR. Addition-
al parameters that can be measured include the time-response curve
of dipyridamole infusion using transthoracic echocardiography
(TTE).

Human Model: Cases without known abnormalities (n = 10

along with n = 5 normal controls for dipyridamole infusion time
response curve measurements).
Interpretation and Analysis: Assessment of blood flow veloci-
ty, measured as MDV, PDV, and VTI, generates Pearson’s correlation
coefficients of 0.88, 0.85, and 0.70, respectively, between flow veloc-
ity measurements performed using TTE and MRI. The results indi-
cate that, despite minor differences in LAD diastolic velocities meas-
ured by TTE and MRI, the correlation of the LAD diastolic
velocities measured using both methods is good and both methods
are feasible for measuring CFR. Moreover, TTE has the unique capa-
bility of acquiring continuous measurements of LAD flow velocity,
which allows assessment of the time-response curve for dipyri-
damole-induced increase in LAD flow velocity. Such findings indi-
cate that the TTE method may be used in sequential or on-line mon-
itoring of LAD blood flow velocity and therefore can be applied to
evaluate the time- or dose-response effects of infused drugs in the
coronary circulation of humans.

Correlation of transthoracic Doppler echocardiography and magnetic reso-
nance imaging in measuring left anterior descending artery flow velocity and
time-course of dipyridamole-induced coronary flow increase. Koskenvuo JW,
Saraste M, Niemi P, Knuuti J, Sakuma H, Toikka JO, Komu M, Jarvisalo MJ,
Hartiala JJ. Scand J Clin Lab Invest 2003; 63 (1), pp. 65-72.

Angina Pectoris: Ischemic Heart Disease/Neurologic
Deficits Secondary to Ischemic Heart Disease
Dipyridamole (DPD)/[Acetazolamide]/[Single Photon
Emission Computed Tomography (SPECT)]

Background Information: The diagnosis of transient ischemic
attack (TIA) is mainly based on the profile of clinical symptoms.
Nuclear medicine techniques have been successful in detecting TIA
SPECT instrumentation. Improved sensitivity of the examination
using a stress test protocol (e.g., acetazolamide) has been well
described in the literature.
Application: Dipyridamole has been used to evaluate various
aspects of vascular function and response to specific stimuli.
Implementation: Evaluation of the relationship between tran-
sient neurological symptoms provoked by the dipyridamole stress
test performed in conditions of ischemic heart disease, and changes
in regional cerebral blood flow indicated by brain SPECT imaging.
Human Model: Cases of ischemic heart disease evaluated for
evidence of secondary alterations in cerebral vascular perfusion (e.g.
n = 100).



Interpretation and Analysis: Intravenous dipyridamole injec-
tion can create various forms of transient neurological deficits in
23% of ischemic heart disease cases with a considerably higher inci-
dence than previously reported in the literature (1.22/10,000). The
so-called “TIA positive” cases can subsequently be examined further
using the combination of dipyridamole stress test and brain SPECT
imaging.

Dipyridamole test in the early detection of cerebrovascular disorders? Molnar
T, Zambé6 K, Schmidt E, Tekeres M. Orv Hetil 2000 Dec 10; 141 (50), pp.
2717-22.

Angina Pectoris: Vasodilatory Response Evaluation/
Arterial Graft Vasodilatory Function/Post-Operative
Angina

Acetylcholine/Nitroglycerin/[Angiography Adjunct
Diagnostic Pharmaceutical]

Cellular/Molecular Mechanism of Action: Acetylcholine
binds to and activates its respective postsynaptic membrane receptor
complexes. As a neurotransmitter, it is released from postganglionic
parasympathetic axons, preganglionic axons, somatic motor axons,
and specific CNS synapses.

Acetylcholine: Serves as a neutrotransmitter that influences
the function or activation of tissues and organs innervated by the
parasympathetic autonomic nervous system in addition to autonomic
ganglionic cells (parasympathetic and sympathetic) and cells in the
adrenal medulla. Acetylcholine primarily promotes peripheral and
pulmonary vasodilation (muscarinic receptors), decreases in heart
rate, and suppresses contractile forces (primarily atrial effect).
Increased vasodilation causes declines in blood pressure and, there-
fore, a reflex tachycardia, but acetylcholine is believed to exert a
minimal effect at the level of the coronary artery. Bradycardia is
observed at the higher range of the Ach dose spectrum.

At the level of the heart, acetylcholine binds to and activates post-
synaptic receptor complexes associated with parasympathetic
cholinergic synapses found at high densities within the S-A node, A-
V node, and atrial tissues. Acetylcholine decreases the heart rate by
promoting a hyperpolarization effect, thereby suppressing the fre-
quency of spontaneous S-A node depolarization during diastole
(delays action potential reaching threshold potential). Acetylcholine
decreases the intensity of atrial contraction and shortens atrial action
potential duration in a manner that accentuates atrial flutter and atri-
al fibrillation induced by increased vagal tone. Alternatively, acetyl-
choline slows conduction and increases the duration of the refractory
period within the A-V node and, to a lesser degree, the Purkinje sys-
tem. The increase in the duration of the refractory period produced
by acetylecholine can decrease the initiation of aberrant atrial
impulses transmitted to the ventricles. The negative influence that
acetylcholine has on ventricular heart rate is much less that its effect
on atrial function, but it does diminish Purkinje system automaticity.
In this regard, acetylcholine can diminish or inhibit adrenergic-
mediated cardiac stimulation. The latter effect is due to a direct sup-
pression of myocardium adrenergic responsiveness and diminished
release of norepinephrine from presynaptic membranes of the auto-
nomic nervous system.

Nitroglycerin: Induces both venous and arterial vasodilation.
Relatively selective venous vasodilation can be achieved at the lower
dosage ranges of nitroglycerin, thereby promoting declines in end-
diastolic left and right ventricular pressures. Such changes are more
pronounced than are observed changes in peripheral arterial pres-
sure. Cardiac output is decreased in normal subjects and cases with
coronary artery disease when nitroglycerin is given by the sublingual
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route of administration. High-dose nitroglycerin administered rapid-
ly causes declines in both systolic and diastolic pressures accompa-
nied by lower blood pressure levels, pallor, weakness, dizziness, and
initiation of reflex sympathetic-mediated responses (tachycardia,
arteriolar vasoconstriction). Transient increases in coronary blood
flow (coronary vasodilation) and declines in arterial blood pressure
contribute to decreases in cardiac output. Sublingual administration
can therefore occasionally produce a significant hypotensive episode.
Background Information: Cigarette smoking is known to pro-
mote endothelial dysfunction, thus it can be responsible for an im-
paired “late” endothelium-dependent vasomotility in arterial grafts
after coronary surgery.

Application: Evaluation of endothelial function in the left inter-
nal thoracic artery after coronary artery bypass surgery and the iden-
tification of predictors or indicators that detect or reflect early dys-
function. Other uses include provocative testing in cases that have
undergone routine postoperative coronary angiography.

Route of Administration: Acetylcholine and nitroglycerin
(selective intravascular infusion).

Dosage: Acetylcholine (10~% mmol/ml) and nitroglycerin (500
ng).

Considerations: Acetylcholine is rapidly degraded enzymati-
cally by acetylecholineesterase (AchE) and butyrylcholinesterase
within the intravascular compartment. Since acetylcholine is a quar-
ternary ammonium compound that is rapidly metabolized within the
plasma, very little of this neurotransmitter penetrates the CNS at
physiologically significant concentrations. At excessively high doses,
acetylcholine can promote a positive effect on cardiac contractility
mediated through the release of catecholamine.

Implementation: Evaluation of vascular grafts utilizing vasoac-
tive agents in concert with performing quantitative angiography pro-
cedures (long-term follow-up mean time 2.5 years). To assess both
endothelium-dependent and independent vasomotility, angiograms
can be acquired before and after selective infusions of acetylcholine
and nitroglycerin. The predictive value of risk factors, including pre-
vious and continued smoking, for impairment of endothelium-
dependent vasomotility can also be assessed.

Human Model: Cases previously having undergone coronary

bypass surgery utilizing the internal thoracic artery (n = 20 with
mean age = 64.5 years).
Interpretation and Analysis: The thoracic artery shows a
6.8% (p < 0.001) and 9% (p < 0.001) increase in mean diameter
after acetylcholine and nitroglycerin administration, respectively.
Vasodilation responses to acetylcholine and nitroglycerin adminis-
tration strongly correlate with one another (R: 0.88; p < 0.001).
Only the common risk factor of age is associated with impairment in
the vasodilation response of the arterial graft (p = 0.001), and
acetylcholine-induced vasodilation is inversely correlated with age
(R: 0.69; p < 0.001).

Angina following a coronary intervention may be due to
vasospasm rather than restenosis. Some cases experience angina fol-
lowing a previously successful recanalization (e.g., n = 2 cases).
Usually, vasospasm can be documented as the cause of angina (e.g.,

= 2/2). Validation of this concept can be determined through the
use of an ergonovine provocative test or the evaluation of lesion
response to nitroglycerin. Rather than another intervention, vasodila-
tor treatment is sometimes instituted, accompanied by effective
symptom amelioration.

The digitalis cardiac glycosides promotes increased vagal tone on
the function of the heart.

Cholinergic Agonists. Taylor P (Chapter 5: pp. 100-9). Goodman and Gil-
man’s The Pharmacological Basis of Therapeutics, eds Gilman AG, Goodman
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LS, Rall TW, Murad F. MacMillan Publishing Company, New York (7th edi-
tion: copyright 1985).

Continued cigarette smoking after coronary artery bypass surgery reduces
endothelium-dependent vasodilation in internal thoracic artery grafts.
Amoroso G, Mariani MA, Tio RA, Grandjean JG. Ital Heart J 2001 Feb; 2
(2), pp. 139-41.

Angina Pectoris: Vasospastic/Presynaptic
Myocardial S)ympathetic Abnormality
Ergonovine/[*I]lodine-Labelled
Metaiodobenzylguanidine (MIBG)/[Nuclear
Scintigraphy]

Cellular/Molecular Mechanism of Action: Ergonovine pro-
motes arterial wall smooth muscle contraction. ['2’I] Iodine-labelled
metaiodobenzylguanidine (MIBG) functions as an analog of norepi-
nephrine.

Application: Assess the presence and location of presynaptic
myocardial sympathetic abnormalities in conditions of vasospastic
angina.

Route of Administration: ['*’I]-labelled metaiodobenzylguani-
dine (MIBG) given IV. Ergonovine is administered by intracoronary
infusion (ICA).

Dosage: '’lodine-labelled metaiodobenzylguanidine (MIBG; 111
mBq).

Implementation: Evaluation of conditions of suspected
vasospastic angina utilizing single photon emission computed
tomography (SPECT) facilitated by the use of MIBG (image agent)
and ergonovine provocative challenge. Such diagnostic strategies
permit the non-invasive detection and evaluation of suspected
vasospastic angina events.

Human Model: Cases of suspected vasospastic angina pec-
toris (e.g. n = 50) previously evaluated by coronary artery angiogra-
phy following intracoronary artery ergonovine infusion, with a 99—
100% obstructive spasm defined as a positive response.
Interpretation and Analysis: Images aquired 20 minutes and 3
hours following the administration of 111 mBq ['*I]-MIBG SPECT
can reveal mild reductions in tissue uptake (e.g. n = 5/25). In the
majority of the suspect cases, images at 3 hours often demonstrate
['%*1]-MIBG SPECT abnormalities (e.g. n = 20/25). The location of
['**I]-MIBG abnormalities can be completely or partially consistent
with the spastic coronary territory (e.g. n = 18/25). Alternatively,
reduced ['*’I]-MIBG uptake may be noted in cases with a negative
ergonovine provocative test (e.g. n = 4/25). Accordingly, positive
and negative predictive values of MIBG SPECT for the provocative
test have been estimated to be 83% (e.g. n = 20/24) and 81% (e.g. n
= 21/26), respectively.

Instrumentation: Single photon emission computed tomog-
raphy.

Value of iodine-123 metaiodobenzylguanidine scintigraphy in patients with
vasospastic angina. Taki J, Yasuhara S, Takamatsu T, Nakajima K, Tatami R,
Ishise S, Matsunari I, Takayama T, Tonami N. Eur J Nucl Med 1998 Mar; 25
(3), pp. 229-34.

Angina Pectoris: Vasospastic (Coronary Artery
Tone)

Acetylcholine/Ergonovine/Nitroglycerin/
[Echocardiography]

Cellular/Molecular Mechanism of Action:

Acetylcholine: Binds directly to and positively activates
acetylcholine receptor complexes located on the surface of postsyn-
aptic membranes.

Ergonovine: Directly binds and positively but not maximally
activates tryptaminergic and a-adrenergic receptor complexes but to
a lesser extent than ergotamine. At dopaminergic receptor complex-
es, ergonovine functions as a weak antagonist. At both tryptaminer-
gic and dopaminergic receptor sites, ergonovine can exert both par-
tial agonist and antagonist properties within certain regions of the
central nervous system (CNS). In various smooth muscle tissues, the
compound exerts antagonist properties.

Physiological Mechanism of Action:

Nitroglycerin: Induces both venous and arterial vasodilation.
Relatively selective venous vasodilation can be achieved at the lower
dosage ranges of nitroglycerin, thereby promoting declines in end-
diastolic left and right ventricular pressures. Such changes are more
pronounced than are the changes in peripheral arterial pressure. Car-
diac output is decreased in normal subjects and cases with coronary
artery disease when given nitroglycerin by the sublingual route of
administration. High-dose nitroglycerin administered rapidly causes
declines in both systolic and diastolic pressures accompanied by
lower blood pressure levels, pallor, weakness, dizziness, and initia-
tion of reflex sympathetic-mediated responses (tachycardia, arterio-
lar vasoconstriction). Transient increases in coronary blood flow
(coronary vasodilation) and declines in arterial blood pressure con-
tribute to decreases in cardiac output. Sublingual administration can
therefore occasionally produce a significant hypotensive episode.

Ergonovine: Vasoconstriction can be induced affecting both
venous and arterial vascular structures through direct stimulation
of vascular smooth muscle. Systemic administration produces
elevations in blood pressure due to peripheral vasoconstriction.
Ergonovine can produce coronary artery vascular responses that are
detectable as ischemic patterns on EKG tracings and angina pain in
cases with coronary artery disease. Bradycardia is often induced by
ergot alkaloids even when no elevations in blood pressure are evi-
dent, due in part to increased vagal activity and, to a lesser extent,
diminished CND sympathetic tone and direct-acting myocardial
depression.

Application: Detection and characterization of vasospastic angi-
na. Coronary artery spasm can be induced by acetylcholine, sero-
tonin, ergonovine, or histamine, all of which cause vasodilation
when the endothelium is intact by releasing nitric oxide (NO). In
conditions of coronary artery spasm, acetylcholine induces a spas-
modic response that can be promptly relieved by nitroglycerin,
which promotes vasodilation through a direct action on vascular
smooth muscle. Such finding imply that some form of abnormally in
endothelial integrity exists in conditions of coronary spasm that can
be accentuated by acetylcholine and histamine, and to a lesser extent
by ergonovine and serotonin. In general, all ergot alkaloids exert
their biological effect as partial agonists or antagonists at adrenergic,
dopaminergic, and tryptaminergic receptor complexes. Effects of full
agonists like norepinephrine are usually augmented by low ergot
alkaloid concentrations. Similarly, the contractile response to agents
like acetylcholine can sometimes be augmented by low ergot alka-
loid concentrations.

Dosage: Nitroglycerin (0.3 mg sublingual)

Considerations: Basal tone of the left main trunk is elevated in
the early morning in vasospastic angina. The definite diagnosis of
vasospastic angina is done by a coronary spasm provocative test
using ergonovine maleate or acetylcholine during cardiac catheteri-
zation. Current non-invasive, non-pharmacologic diagnostic meth-
ods are not sensitive enough for the diagnosis of vasospastic angina.
Implementation: Evaluation of the capacity for nitroglycerin to
detect and characterize conditions of vasospastic angina pectoris
conditions.



One effective approach has been the characterization of the con-
dition at 7 A.M. and at noon on the same day involving measurement
of the left main coronary artery trunk diameter by M-mode echocar-
diography before and after sublingual nitroglycerin administration.
Parameters that are calculated include the extent of dilation as a
reflection of the degree of coronary artery tone present.

Human Model: Cases with an angiographically normal left

main trunk (n = 38). Cases can be classified into 4 groups based on
the presence or absence of more than 50% stenosis in the coronary
arteries except for the left main trunk and responses the acetyl-
choline or ergonovine provocative tests.
Interpretation and Analysis: The percent dilation of the left
main trunk diameter induced by sublingual nitroglycerin at 7 A.M.
and at noon is 22.4 = 4.7% (mean * SD) and 18.1 = 4% in cases
with vasospastic angina and without coronary stenosis (e.g. n = 11),
149 £ 7.1% and 11.2 = 6.9% in cases with vasospastic angina and
coronary stenosis (e.g. n = 9), 6.1 = 3.5% and 7.0 = 5.1% in cases
without vasospastic angina but with coronary stenosis (e.g. n = 8),
and 8.1 £ 5.6% and 7.8 £ 5.7% in control subjects (e.g. n = 10).
The percent dilation at 7 A.M. is significantly greater in case groups
with vasospastic angina without coronary stenosis than in the re-
maining 3 case group types, and in the vasospastic angina groups,
the percent dilation at 7 A.M. is significantly greater than that at
noon. When percent dilation at 7 A.M. exceeding 15% is defined as
positive for the diagnosis of vasospastic angina, the sensitivity is
80% and the specificity 94%.

A new noninvasive method of diagnosing vasospastic angina based on dila-
tion response of the left main coronary artery to nitroglycerin as measured by
echocardiography. Morita H, Ohmori K, Matsuyama T, Mizushige K, Matsuo
H. J Am Coll Cardiol 1996 May; 27 (6), pp. 1450-7.

Aortic Stenosis: Left Ventricular Contractile
Reserve/Cardiac Index/Operative Mortality Rate:
Prediction Parameters/Long-Term Survival
Predictive Markers

Dobutamine/[Doppler Ultrasound]

Background Information: The prognostic value of dobutamine
stress hemodynamic data in the setting of low-gradient aortic steno-
sis has been addressed in small, single-center studies. Larger studies
are needed to define the criteria for selecting the patients who will
benefit from valve replacement.

Application: Dobutamine stress Doppler hemodynamics may be
factored into the risk-benefit analysis for cases of aortic stenosis.
Implementation: Evaluation of aortic stenosis conditions using
dobutamine stress test protocols in combination with Doppler imag-
ing analysis.

Human Model: Aortic stenosis (n = 136 cases; n = 96 males
[median age = 72 years; range 65—77 years]; median aortic valve =
0.7 cm? [range = 0.6 to 0.8]; mean transaortic gradient = 29 mm Hg
[range = 23-34 mm Hg]; cardiac index = 2.11 L X min~ ! X m 2
[range, 1.75 t0 2.55 L X min~' X m~?]).

Interpretation and Analysis: Left ventricular contractile
reserve on the dobutamine stress Doppler study can be detected in a
large number of cases (e.g., n = 92/136; and absent in n = 44/136).
Operative mortality is relatively low (e.g., n = 3/64 or 5%) in cases
with left ventricular contractile reserve. Alternatively, the operative
mortality rate is significantly higher in cases without evidence of left
ventricular contractile reserve (e.g., n = 10/31 or 32%; p = 0.0002).
Predictors for operative mortality include a lack of contractile
reserve (odds ratio, 10.9; 95% confidence interval [CI], 2.6 to 43.4; p
= 0.001) and a mean transaortic gradient = 20 mm Hg (odds ratio,
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4.7,95% CI, 1.1 to 21.0; p = 0.04). Predictors for long-term survival
are valve replacement (hazard ratio, 0.30; 95% CI, 0.17 to 0.53; p =
0.001) and left ventricular contractile reserve (hazard ratio, 0.40;
95% CI, 0.23 t0 0.69; p = 0.001). In the setting of low-gradient aor-
tic stenosis, surgery seems beneficial for most cases with left ventric-
ular contractile reserve.

Low-gradient aortic stenosis: Operative risk stratification and predictors for
long-term outcome: A multicenter study using dobutamine stress hemody-
namics. Monin JL, Quéré JP, Monchi M, Petit H, Baleynaud S, Chauvel C,
Pop C, Ohlmann P, Lelguen C, Dehant P, Tribouilloy C, Guéret P. Circulation
2003 Jul 22; 108 (3), pp. 319-24.

Aortic Stenosis: Aortic Valve Replacement/Coronary
Flow Reserve
Dipyridamole/[Angiography]

Physiological Mechanism of Action: Dipyridamole induces
vasodilatory responses.
Background Information: In cases with aortic stenosis and a
normal coronary angiogram, coronary flow reserve (CFR) is im-
paired.
Application: Examine the effect of aortic valve replacement
(AVR) on CFR after a long-term follow-up
Route of Administration: Dipyridamole (intravascular).
Dosage: Dipyridamole (0.56 mg/kg for 4 minutes).
Implementation: Evaluation of CFR measurements 123 * 137
days before and 497 *= 167 days after AVR (e.g., n = 21 cases).
Coronary flow reserve measurements are performed according to a
standardized protocol, with a vasodilator stimulus (e.g. dipyridamole)
and peak diastolic velocity measurements recorded at 6 minutes.
Human Model: Cases of aortic stenosis with normal coronary
angiogram images (n = 30).
Interpretation and Analysis: The initial average peak gradient
of aortic stenosis is 89.5 = 22.4 mm Hg. After AVR, it decreases to
26.2 = 9 mm Hg. Left ventricular mass is significantly lower after
AVR: 354.9 = 107.9 g vs 223.8 = 73.6 g (p < 0.001). The average
baseline diastolic velocity measured by pulsed Doppler in the left
anterior descending coronary artery amounts to 62.2 * 25.5 cm/s
before and 40.1 % 13.6 cm/s after AVR. The difference is statistical-
ly significant (p < 0.01). The average diastolic velocity at maximum
stress equals 117 £ 42.8 cm/s preoperatively, and 91.5 = 34 cm/s
postoperatively (p < 0.005). Calculated CFR before AVR is 1.96 =
0.5 and increases to 2.37 = 0.8 postoperatively. The difference is sta-
tistically significant (p < 0.05). Prosthetic AVR is of considerable
benefit concerning the CFR in cases with a normal coronary
angiogram after a long-term follow-up evaluation.

The effect of aortic valve replacement on coronary flow reserve in patients
with a normal coronary angiogram. Nemes A, Forster T, Kovdcs Z, Thury A,
Ungi I, Csanddy M. Herz 2002 Dec; 27 (8), pp. 780—4.

Atherosclerotic Plaque Deformation: Ultrasound
Visualization

Acetylcholine/Isosorbide Dinitrate
(Vasodilation)/[Ultrasound]

Cellular/Molecular Mechanism of Action: Acetylcholine
functions as a parasympathetic/cholinergic neurotransmitter by
physically binding to its corresponding post-synaptic membrane
receptor complex.

Physiological Mechanism of Action: Isosorbide dinitrate
(vasodilation).
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Application: Visualize ultrasonically deformations of atheroscle-
rotic plaques in human coronary arteries during vasoconstriction and
vasodilation responses.

Route of Administration: Acetylcholine (selective intravascu-
lar); isosorbide dinitrate (intracoronary injection).
Considerations: The cross-sectional area of the atherosclerotic
plaque appeared to be constant during vasomotion of human coro-
nary arteries.

Implementation: Evaluation of the “pliability” of atherosclerot-
ic plaque following vasoactive responses induced by acethylcholine
and isosorbide dinitrate injection.

Interpretation and Analysis: Intravascular ultrasound can
detect occult atherosclerosis in angiographically normal coronary
arteries in instances of chest pain at rest (n = 8). During the acetyl-
choline provocative tests, intravascular ultrasound can be used to
monitor deformations of the atherosclerotic plaques. During the last
phase of the test, vasodilation can be promoted with intracoronary
injection of isosorbide dinitrate. Under control, acetylcholine-treated,
and isosorbide dinitrate-treated conditions, the cross-sectional areas
of sonolucent circle and vessel lumen can be measured in order
to establish the area of atherosclerotic plaques. In the process of
vasoconstriction and vasodilation, the plaque area does not change
significantly.

Intravascular ultrasonic evidence by constant cross-sectional area of athero-
sclerotic plaques during coronary vasomotion in humans. Matsu-ura Y, Kiji-
ma Y, Hashimura K, Kato Y, Ueda T, Yasuda T, Mori I, Hoshida S, Hori M.
Eur Heart J 1997 Jun; 18 (6), pp. 949-53.

Cardiac Failure: Chronic/Inotropic Activity/Cardiac
Output/Pressor Effect/Inotropic Agent Selection
Dobutamine/Carvedilol/Metoprolol/
[Echocardiography]

Cellular/Molecular Mechanism of Action: Dobutamine
functions as a positive adrenergic (sympathomimetic) agent. Meto-
prolol is a selective 3, adrenoreceptor antagonist (blocker), while
carvedilol is a non-selective (3-adrenoreceptor blocker.
Physiological Mechanism of Action: Dobutamine promotes
positive cardiac inotropic responses and can also promote increases
in cardiac output and elevations in systemic blood pressure.
Application: Adjunct form of diagnostic intervention during
stress echocardiography procedures thereby functioning as a guide
when choosing a (therapeutic) inotropic agent.

Route of Administration: Dobutamine (intravenous).
Dosage: Carvedilol and metoprolol CR/XL (target dose 50 mg
twice daily and 200 mg once daily, respectively) for 8 weeks. Dobu-
tamine (5 pg/kg/min and high-dose 15 pg/kg/min).
Implementation: Evaluation of carvedilol and metoprolol
CR/XL as potential adjunct forms of intervention during dobuta-
mine-stress echocardiography procedures performed at the end of
each maintenance period. Parameters evaluated include determining
if conditions of congestive heart failure display different hemody-
namic responses during dobutamine challenge in the presence of
beta adrenoreceptor blocking agents.

Model: Cases with stable chronic congestive heart failure
(ejection fraction < 40%) on chronic treatment with metoprolol
CR/XL (e.g. n = 10). Single center, single blind, randomized, 2-
period crossover study comparing carvedilol with metoprolol
CR/XL.

Interpretation and Analysis: No significant hemodynamic dif-
ferences can be seen at rest after 2 treatments. There is a more pro-
nounced increase in heart rate and cardiac output during dobutamine
infusion when cases are given metoprolol in contrast to carvedilol.

Mean arterial pressure increases significantly with carvedilol. Car-
diac output increases during low-dose dobutamine, without further
changes being appreciated with high-dose dobutamine administra-
tion. During infusions of dobutamine, there is no significant differ-
ence in ejection fraction between carvedilol and metoprolol treat-
ment. Therefore, differences in response to the inotropic drug
dobutamine can be appreciated in conditions of congestive heart fail-
ure managed with a non-selective (3-adenoreceptor blocker com-
pared to B-selective blocker administration. Selective [3; blockade
with metoprolol can be counteracted by dobutamine, whereas with
carvedilol a low dose of dobutamine increases cardiac output and a
higher dose of dobutamine cause a pressor effect. Such findings may
be clinically relevant when choosing an inotropic pharmaceutical
agent.

Different responses to dobutamine in the presence of carvedilol or metoprolol
in patients with chronic heart failure. Bollano E, Tdng MS, Hjalmarson A,
Waagstein F, Andersson B. Heart 2003 Jun; 89 (6), pp. 621-4.

Cardiomyopathy: Dilated Cardiomyopathy (DCM)
and Coronary Vasospasm/Response Prediction:
Antispasmatic Agents/Atrial Fibrillation as an
Indicator for DCM

Ergonovine/[Echocardiography]

Cellular/Molecular Mechanism of Action: Coronary artery
spasm can be induced by acetylcholine, serotonin, ergonovine, or
histamine, all of which cause vasodilation when the endothelium is
intact by releasing nitric oxide (NO). In conditions of coronary
artery spasm, acetylcholine induces a spasmodic response that can
be promptly relieved by nitroglycerin, which promotes vasodilation
through a direct action on vascular smooth muscle. Such finding
imply that some form of abnormally in endothelial integrity exists in
conditions of coronary spasm that can be accentuated by acetyl-
choline and histamine, and to a lesser by ergonovine and serotonin.
In general, all ergot alkaloids exert their biological effect as partial
agonists or antagonists at adrenergic, dopaminergic, and tryptamin-
ergic receptor complexes. Effects of full agonists like norepinephrine
are usually augmented by low ergot alkaloid concentrations. Simi-
larly, the contractile response to agents like acetylcholine can some-
times be augmented by low ergot alkaloid concentrations.
Background Information: The pathogenesis of dilated car-
diomyopathy (DCM) is unknown, but clinical evidence suggests that
coronary vasospasm is associated with the development of DCM in
some cases.
Application: Detection and characterization of alterations in vas-
cular function.
Route of Administration: Ergonovine (cardiac catheteriza-
tion).
Implementation: Evaluate and profile the [i] prevalence of
coronary vasospasm in DCM conditions; [ii] characteristics of cases
with DCM and coronary vasospasm; and [iii] effects of antivasospas-
tic agents on cases with DCM and coronary vasospasm utilizing the
ergonovine provocation testing

Human Model: Dilated cardiomyopathy cases (n = 13).
Approximately one-third of cases experience coronary vasospasm,
thereby requiring secondary administration of antivasospastic agents
following cardiac catheterization.
Interpretation and Analysis: A diagnoses of coronary
vasospasm can be suspected if ergonovine induces coronary vaso-
constriction (= 75% diameter narrowing) compared to the diameter
after nitroglycerin administration. The prevalence of atrial fibrilla-
tion in cases with DCM and coronary vasospasm is greater than that
in DCM without coronary vasospasm (67 vs 8% [p < 0.05]). The left



ventricular end-diastolic dimension decreases from 61 mm (range 56
to 64) to 55 mm (range 53 to 56) (median, 25th/75th percentile, p <
0.05) and the left ventricular ejection fraction increases from 36%
(range 32 to 40) to 47% (range 46 to 48) (median, 25th/75th per-
centile, p < 0.05) after the administration of antivasospastic agents
(n = 4/6 cases improve symptomatically). Ergonovine provocation
testing is useful in identifying conditions of DCM and coronary
vasospasm, in whom cardiac performance is expected to be im-
proved with antivasospastic agent therapy. DCM patients with atrial
fibrillation may be a clue for identifying patients with coronary vaso-
spasm.

Effects of antivasospastic agents in Japanese patients with dilated cardiomy-
opathy and coronary vasospasm. Nishi I, Ilda K, Kawano S, Masumi T,
Fumikura Y, Ohtsuka S, Watanabe S, Yamaguchi I. Jpn Heart J 2002 Jul; 43
(4), pp. 333-42.

Cardiomyopathy: Dilated Cardiomyopathy
(DCM)/Left Ventricular Ejection Fraction
(LVEF)/Predict Improved Cardiac Sympathetic
Nerve Activity/Predict Improved Cardiac
Function/Predict Improved Symptoms
Posttreatment for Dilated Cardiomyopathy
Dobutamine/['**I]-Meta-lodobenzylguanidine/
[Nuclear Scintigraphy]

Cellular/Molecular Mechanism of Action: ['*I]-meta-
iodobenzylguanidine functions as an analog of norepinephrine.
Physiological Mechanism of Action: Dobutamine exerts
adrenergic/sympathomimetic properties.

Route of Administration: Dobutamine (intravascular).
Dosage: Dobutamine (5, 10, and 15 pg/kg/min).
Implementation: Evaluation of dilated cardiomyopathy condi-
tions by measuring left ventricular ejection fraction (LVEF) at rest
and in response to gradient dose increases in dobutamine. Infusions
of dopamine can be performed before initiation of therapy in condi-
tions of DCM according to protocols for dobutamine gated blood
pool scintigraphy (DOB-GBP). Examinations are performed before
and after 1 year of therapeutic intervention. The heart/mediastinum
count (H/M) ratio and total defect score (TDS) are determined for
['**I]-meta-iodobenzylguanidine images from anterior planar image
and single photon emission computed tomography (SPECT) images.
Left ventricular ejection fraction and left ventricular end-diastolic
dimension (LVDd) are determined by echocardiography.

Human Model: Cases of dilated cardiomyopathy (n = 22).
Interpretation and Analysis: After 1 year of treatment,
echocardiographic LVEF improves > 5% (e.g., n = 11/22 cases).
Before treatment, TDS, H/M, LVEF, and LVDd are similar in both
groups. However, there is a greater increase in the LVEF during
dobutamine infusion in cases displaying improvement compared to
those that do not improve (21 = 8% vs 9 = 3%, p < 0.001). If a crit-
ical value of 15% for the DeltaLVEF is used to predict the improve-
ment in LVEF after treatment, sensitivity is 91% and specificity is
82%. The TDS, H/M ratio, LVDd, and New York Heart Association
functional class improves in cases demonstrating a post l—year
response that is greater than comparable values for cases that do not
demonstrate a response. Dobutamine gated blood pool scintigraphy
therefore can be used to predict improved cardiac sympathetic nerve
activity, cardiac function, and symptoms after treatment in DCM
conditions.

Dobutamine gated blood pool scintigraphy predicts the improvement of car-
diac sympathetic nerve activity, cardiac function, and symptoms after treat-
ment in patients with dilated cardiomyopathy. Kasama S, Toyama T,
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Hoshizaki H, Oshima S, Taniguchi K, Suzuki T, Kurabayashi M. Chest 2002
Aug; 122 (2), pp. 542-8.

Cardiomyopathy: Idiopathic Dilated
Cardiomyopathy (IDCM)/Prognostic Parameters for
Mortality and Survival

Dobutamine/Low-Dose Dobutamine
Echocardiography/[Echocardiography]

Physiological Mechanism of Action: Dobutamine exerts
adrenergic agonist properties.
Background Information: Dobutamine echocardiography is
widely used to detect and measure myocardial contractile reserve.
Application: Determine the response of the left ventricle to low-
dose dobutamine infusion, which adds clinically valuable prognostic
information for the evaluation of IDCM.
Dosage: Dobutamine (10 pg/kg/min for 5 minutes).
Implementation: Evaluation of cardiomyopathy conditions as a
function of measurements of 2-dimensional and Doppler echocar-
diographic variables before and after the infusion of dobutamine.
Human Model: Cases suffering from cardiovascular disease
(e.g., n = 77 IDCM cases; age = 49 = 9 years; men = 82%) with
left ventricular (LV) ejection fractions of < 40%. Study population:
n = 30/77 died; n = 5/77 successful heart transplant over a 63 = 7-
month follow-up period (range, 49 to 75 months).
Interpretation and Analysis: Using multivariate regression
analysis, the only significant factors related to fatal outcome or the
need for cardiac transplantation were the following: (i) LV end-
systolic volume of > 150 mL after low-dose dobutamine infusion
(odds ratio [OR], 2.2; confidence interval [CI], 1.2 to 4.1; p =
0.011); (i1) no decrease of LV end-diastolic volume after dobutamine
infusion (OR, 1.9; CI, 1.1 to 3.4; p = 0.031); (iii) atrial fibrillation
(OR, 2.7; CI, 1.4 to 5.3; p = 0.003); and (iv) male gender (OR, 2.6;
CI, 1.2t05.5; p = 0.017). A scoring system has been proposed with
1 point assigned for each of the above-mentioned factors. The mor-
tality rates for total scores of 0, 1, 2, 3, and 4 were 0%, 19%, 48%,
83%, and 100%, respectively. The response of the LV to low-dose
dobutamine infusion adds clinically valuable prognostic information
to the evaluation of the patient with IDCM.

Prognostic value of low-dose dobutamine echocardiography in patients with
idiopathic dilated cardiomyopathy. Drozdz J, Krzemifiska-Pakula M, Plewka
M, Ciesielczyk M, Kasprzak JD. Chest 2002 Apr; 121 (4), pp. 1216-22.

Cardiomyopathy: Idopathic Dilated Cardiomyopathy
(IDCM)/Contractile Reserve (CR)/ Cyclic
Variation/Prognostic Indicator
Dobutamine/[Echocardiography]

Cellular/Molecular Mechanism of Action: Dobutamine pos-
sesses adrenergic agonist properties.

Background Information: Conventional resting echocardiog-
raphy is not able to predict the CR of cases with IDCM.
Application: Dobutamine has been utilized in combination with
ultrasonic myocardial texture analysis in IDCM for the purpose of
discriminating cases with and without preserved CR and cases with
an unfavorable prognosis.

Route of Administration: Dobutamine infusion (intravenous).
Dosage: Dobutamine infusion (10 pg/kg/min).
Implementation: Myocardial texture analysis can be performed
on echocardiographic digitized images in conditions of IDCM
through a calibrated 256 gray level digitization system. Cyclic varia-
tion (CV) index of myocardial mean gray level (MGL) is calculated
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according to the formula (MGLgj, — MGLgy)/ MGLyj06 X 100.
Contractile reserve is defined as the %-change of ejection fraction by
10 pg/kg/min dobutamine infusion. A clinical follow-up is also per-
formed for all cases for an average of 8 = 3 months.

Human Model: Idiopathic dilated cardiomyopathy (IDCM n
= 27 cases).
Interpretation and Analysis: Contractile reserve ranges
between —1.8% and 50.3%. Cyclic variation index of both septum
and posterior wall (PW) is the parameters that most significantly cor-
relates with CR (r = 0.69 and r = 0.77, respectively, p < 0.0001 for
both). The mean resting CV index of septum and PW are significant-
ly lower in cases with CR < 17% median value of all subjects (5.7 =
5.6 vs 169 = 7.9 and 5.4 = 5.9 vs 16.1 = 6.4, respectively, p <
0.0001 for both). A CV index of 10% for both septum and PW yields
a sensitivity of 77% and 84%, and a specificity of 84% and 84% for
predicting diminished CR, respectively. The event-free survival rate
is significantly lower in patients with CR less than 17% (61.5 vs
92.8%, p < 0.05). The CV index of both septum and PW are also
significantly lower in cases with cardiac events (13.6 = 8§ vs 4.3 = 6,
p <0.05and 14.7 = 7vs 4.1 = 7, p < 0.01, respectively). Ultrason-
ic myocardial texture analysis in IDCM has a good ability to dis-
criminate between cases with and without preserved CR, and cases
with unfavorable outcome as well.
Instrumentation: Videodensitometric myocardial texture analy-
sis.

Myocardial texture analysis in idiopathic dilated cardiomyopathy: Prediction
of contractile reserve on dobutamine echocardiography. Dagdeviren B,
Akdemir O, Bolca O, Eren M, Giirlertop Y, Tezel T. ] Am Soc Echocardiogr
2002 Jan; 15 (1), pp. 36-42.

Cardiomyopathy: Ischemic/Low-Dose Wall Motion
Scores: Risk Stratification/Prediction of Benefit from
Revascularization

Dobutamine/[Echocardiography]

Physiological Mechanism of Action: Dobutamine exerts
adrenergic/sympathetic agonist properties.
Application: Evaluation of dobutamine low-dose wall motion
scores for estimating risk stratification of cases with ischemic car-
diomyopathy and identifying those who do and do not benefit from
revascularization.
Route of Administration: Dobutamine (intravascular).
Dosage: Dobutamine (low-dose = 10 pg/kg/min and high-
dose/maximal dose 50 pg/kg/min) infusion.
Implementation: Delineation of the value of wall motion scores
at rest and with low- and high-dose dobutamine infusion for predict-
ing the outcome and benefit from revascularization in cases with
ischemic cardiomyopathy. Complementary follow-up evaluation of
ischemic cardiomyopathy cases can entailechocardiography image
acquision at rest and during low-dose and high-dose/maximum
dobutamine infusion.

Human Model: Cases of ischemic cardiomyopathy (n =
139).
Interpretation and Analysis: Both rest and low-dose wall
motion scores are multivariate predictors of cardiac death, but
ischemia and peak dose scores are not predictors. Cases can be clas-
sified into resting case scores that have been risk stratified into 3
groups: (i) score (1.00 to 1.99) with 11% cardiac death; (ii) score
(2.00 to 2.49) with 30% death; and (iii) score = 2.50 with 47%
death. One-third of cases with rest scores = 2.50 have improvement
in scores to < 2.50 with low-dose dobutamine. Their frequency of

cardiac death is reduced to 23% compared with 60% (p = 0.04) in
those that remain with low-dose scores = 2.50. Low-dose scores
also can identify those cases that will benefit from revascularization.
In cases with low-dose scores (1.00 to 1.99), the frequency of cardiac
death is marginally lower in revascularized than non-revascularized
cases (10 vs 21%, p = 0.28). In cases with scores (2.00 to 2.49),
revascularized subjects have a significantly lower frequency of car-
diac death than non-revascularized cases (15 vs 41%, p < 0.05). The
frequency of death in those with low-dose scores = 2.50 is very high
in both revascularized (75%) and non-revascularized (56%, p =
0.42) cases.

Usefulness of rest and low-dose dobutamine wall motion scores in predicting
survival and benefit from revascularization in patients with ischemic car-
diomyopathy. Sawada SG, Lewis SJ, Foltz J, Ando A, Khouri S, Kaser S,
Gradus-Pizlo I, Gill W, Fineberg N, Segar D, Feigenbaum H. Am J Cardiol
2002 Apr 1; 89 (7), pp. 811-6.

Functional Reserve: Cardiovascular/Global
Ventricular Function/Tei Index
Dobutamine Stress Echocardiography

Cellular/Molecular Mechanism of Action: Dobutamine
exerts adrenergic/sympathomimetic properties.
Background Information: Dobutamine stress echocardiogra-
phy has become accepted as an evaluation modality for assessing
cardiac functional reserve. Although the Doppler-derived index of
combined systolic/diastolic myocardial performance (Tei index) has
been reported to be easily obtainable and useful for predicting left
ventricular performance, the effect of dobutamine on the Tei index
has not been thoroughly established in children.
Application: Dobutamine can be applied in combination with
diagnostic ultrasound to characterize various aspects of cardiac
physiology (e.g., ventricular function).
Route of Administration: Dobutamine (infusion).
Dosage: Dobutamine (5 pg/kg/min).
Implementation: Assess the effect of dobutamine on the Tei
index in cases of postoperative ventricular septal defect and Kawasa-
ki disease. Echocardiographic recordings are obtained before and
after dobutamine infusion. Variables measured include transmitral
flow velocities (E, A, E/A), rate-corrected mean velocity of circum-
ferential fiber shortening (rate-corrected Vcf), and IMP. Isovolumic
contraction time (ICT), isovolumic relaxation time (IRT), and ejec-
tion time (ET) are measured and then applied to calculate the Tei
index using the following formula: Tei index = (ICT + IRT)/ET.
Human Model: Postoperative ventricular septal defect (n = 8
cases); and cases of Kawasaki disease (n = 7).
Interpretation and Analysis: Dobutamine infusion increases
rate-corrected Vef (29%, p < 0.01), peak E (7%, p < 0.05), and peak
A (13%, p < 0.05). E/A ratios do not change during dobutamine
infusion. Ejection time, ICT, and IRT decrease during dobutamine
infusion. The magnitude of the change in ICT (—=21%, p < 0.01) is
greater than those in IRT (—12%, p < 0.01) and ET (—8%, p <
0.05). The decrease in Tei index (—16%, p < 0.01) results in a
decrease in ICT/ET (—21%, p < 0.01) and a slight decrease in
IRT/ET (—12%, p < 0.05). The Tei index has the potential of func-
tioning as a sensitive indicator of the effects of inotropic stimulation
on global left ventricular function.

Effect of dobutamine on a Doppler echocardiographic index of combined
systolic and diastolic performance. Harada K, Tamura M, Toyono M, Yasuo-
ka K. Pediatr Cardiol 2002 Nov-Dec; 23 (6), pp. 613-7.



Hemodynamic Responses: Heart Rate and Systolic
Blood Pressure/Cardiac Death: Independent
Predictive Parameters

Adenosine/[Single Photon Emission Computed
Tomography (SPECT)]

Physiological Mechanism of Action: Adenosine phosphate
promotes relaxation of vascular smooth muscle and a negative
chronotropic effect on cardiac function.

Application: Detection of hemodynamic responses to adenosine
that add incremental prognostic value to myocardial perfusion single
photon emission computed tomography imaging procedures.
Implementation: Evaluation of outcome in cases subjected to
adenosine stress myocardial perfusion SPECT (without additional
exercise). Multivariable Cox proportional hazards analysis can be
used to assess the prognostic value of hemodynamic variables in pre-
dicting cardiac death (CD).

Human Model: Postevaluation cases of adenosine stress

myocardial perfusion studies (MPS; n = 3444 cases; women =
53.5%; mean age 74 * 8.4 years) during a 2 = 0.8 year follow-up
(monitoring) period.
Interpretation and Analysis: During an extended monitoring
period of 2 *= (.8 years, a relatively small percentage of cardiac
deaths may be appreciated (e.g., n = 224/3444 or 6.5%). Review of
multivariable analysis of various parameters reveals a higher resting
heart rate (HR) and to a lesser extent lower peak HR as viable mark-
ers of impending CD. In addition, peak/rest HR ratio is an independ-
ent predictor of CD when added to the multivariable model in place
of peak and rest heart rate. Peak/rest HR ratios can also be used to
risk stratify cases within each MPS category. A significant interac-
tion can be appreciated between gender and peak systolic blood
pressure (SBP), in which there is an increased risk associated with a
low peak systolic blood pressure (SBP < 90 mm Hg at end of adeno-
sine infusion) in men but not in women. Cases undergoing adenosine
stress MPS with high rest HR and low peak/rest HR ratio have an
increased risk of CD, as do male cases with a low peak SBP meas-
urement. Detection of the hemodynamic response to adenosine adds
incremental prognostic value to MPS results and enhances identifica-
tion of cases at risk for CD.

Prognostic impact of hemodynamic response to adenosine in patients older
than age 55 years undergoing vasodilator stress myocardial perfusion study.
Abidov A, Hachamovitch R, Hayes SW, Ng CK, Cohen I, Friedman JD, Ger-
mano G, Berman DS. Circulation 2003 Jun 17; 107 (23), pp. 2894-9.

Myocardial Dysfunction: Left Ventricular (Chronic)/
Ventricular Wall Motion Score Index (WMSI)
Glucose-Insulin-Potassium/Dobutamine/
[Echocardiography]

Background Information: Glucose-insulin-potassium (GIK)
infusion improves cardiac function and outcome during acute
ischemia.

Application: To determine whether GIK infusion benefits condi-
tions of chronic ischemic left ventricular dysfunction, and if so
whether this is related to qualitative and quantitative parameters per-
taining to viable myocardium.

Route of Administration: Dobutamine (intravenous) and G-I-
K (4-hour intravenous infusion).

Implementation: Dobutamine echocardiography combined with
a 4-hour infusion of GIK. Segmental responses are quantified by
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improvement in WMSI and peak systolic velocity using tissue
Doppler. Global responses are assessed by left ventricular volume
and ejection fraction, measured using a 3-dimensional reconstruc-
tion. Myocardial perfusion is also determined using contrast echocar-
diography.

Human Model: Chronic ischemic left ventricular dysfunction
(n = 30 cases).
Interpretation and Analysis: Ventricular WMSI (mean * SD)
improves with dobutamine (from 1.8 = 0.4 to 1.6 = 0.4, p < 0.001)
and with GIK (from 1.8 = 0.4 to 1.7 = 0.4, p < 0.001); there is a
similar increment for both. Improvement in wall motion score with
GIK is observed in 55% of the 62 segments classed as viable by
dobutamine echocardiography, and in 5% of 162 segments classed as
non-viable. There is an increment in peak systolic velocity after both
dobutamine echocardiography (from 2.5 = 1.8 to 3.2 = 2.2 cm/s, p
< 0.01) and GIK (from 3.0 = 1.6 t0 3.5 = 1.7 cm/s, p < 0.001). The
GIK effects are not mediated by changes in pulse, mean arterial pres-
sure, lactate, or catecholamines, nor do they correlate with myocar-
dial perfusion. End systolic volume improves after GIK (p = 0.03),
but only in cases that have a viable myocardium appreciated by
dobutamine echocardiography. Therefore, for cases with viable
myocardium and chronic left ventricular dysfunction, GIK improves
wall motion score, myocardial velocity, and end systolic volume,
independent of effects on hemodynamics or catecholamines. The
response to GIK is observed in areas of normal and abnormal perfu-
sion assessed by contrast echocardiography.

Effects of glucose-insulin-potassium infusion on chronic ischemic left ven-
tricular dysfunction. Khoury VK, Haluska B, Prins J, Marwick TH. Heart
2003 Jan; 89 (1), pp. 61-5.

Myocardial Dysfunction: Left Ventricular
(Doxorubicin)/Screening Test
Dobutamine (Low Dose)/[Echocardiography]

Cellular/Molecular Mechanism of Action: Dobutamine pos-
sesses adrenergic agonist/sympathomimetic properties.
Background Information: Late cardiotoxicity after anthracy-
cline chemotherapy administered for childhood cancer is a well rec-
ognized sequelae. Many long-term survivors may have subclinical
cardiac dysfunction undetectable at a baseline evaluation. Various
tests have been utilized for the diagnosis of left ventricular impair-
ment. Recently, low-dose dobutamine stress echocardiography has
been proposed as a more sensitive screening test.
Application: Detections of alterations in myocardial dysfunction
precipitated by doxorubicin-mediated injury.
Route of Administration: Dobutamine (intravenous).
Dosage: Dobutamine (5-10 pg/kg/min).
Implementation: Evaluation of low-dose dobutamine stress
echocardiography in asymptomatic survivors.

Human Model: Cases treated with doxorubicin (e.g., n = 36;
n = 20 male; n = 16 female aged 14.6 = 4.7 years) administered a
cumulative dose of 226 + 106 mg/m? of doxorubicin. Note: Median
follow-up 5 years. Reference control group (20 sex- and age-
matched volunteers (n = 12 male; n = 8 female age = 12.6 = 4.9
years).
Interpretation and Analysis: Significant differences can be
appreciated in mean velocity of circumferential fiber shortening,
myocardial performance index (Tei index), left ventricular posterior
wall thickening, and end-systolic wall stress at a baseline. The stress
response is significantly blunted only with regard to the following
parameters: end-systolic wall stress, isovolumic relaxation time, and
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myocardial performance index. The threshold response is abnormal
(0-5% improvement of a variable only) in 45% of reference controls
subjects for only 1 or 2 parameters. In contrast, 63% of subjects from
case groups respond in a pathological manner (variable worsening)
pertaining to 1 or more parameters. A correlation between risk fac-
tors of late cardiotoxicity and stress changes of left ventricular func-
tion parameters have not been appreciated. Low-dose dobutamine
stress echocardiography therefore appears to be a safe and feasible
diagnostic tool in children and adolescents. Dobutamine significant-
ly increases the differences in cardiac variables between healthy
populations and asymptomatic survivors for childhood cancer. Rela-
tive to control subjects, most asymptomatic patients reveal subclini-
cal myocardial damage. The predictive value for the development of
clinical symptoms and cardiac complications needs to be assessed in
a large prospective study.

The evaluation of left ventricular function in childhood cancer survivors by
pharmacological stress echocardiography. Elbl L, Hrstkova H, Chaloupka V,
Novotny J, Michalek J. Neoplasma 2003; 50 (3), pp. 191-7.

Myocardial Infarction (Uncomplicated)/Prediction
of Favorable Outcome and Risk Stratification/High
Negative Predictive Value Assessment
Dobutamine/Electropharmacology/
[Echocardiography]

Cellular/Molecular Mechanism of Action: Dobutamine is an
adrenergic agonist/sympathomimetic agent.

Background Information: Risk stratification after uncompli-
cated myocardial infarction is a major clinical problem. In particular,
the prognostic value of residual inducible ischemia is still controver-
sial.

Application: Exercise ECG and dobutamine stress echocardiog-
raphy procedures can be utilized to prognostically evaluate uncom-
plicated myocardial infarction during the early postinfarction period.
Route of Administration: Dobutamine (intravenous).
Implementation: Evaluation of maximal exercise ECG tracings
and dobutamine stress echocardiography within 10 days of an
uncomplicated myocardial infarction in the absence of therapeutic
intervention in concert with prospective monitoring over an 8.8
month period. The variables of age, sex, diabetes, smoking habit,
hypertension, dyslipidaemia, infarct location, thrombolysis, and rest-
ing wall motion score index are taken into account as relevant clini-
cal variables. Prognostic correlations are made versus spontaneous
events (cardiac death, non-fatal reinfarction, and unstable angina
requiring hospitalization) while cases undergo revascularization pro-
cedures (e.g. percutaneous transluminal coronary angioplasty or
coronary artery bypass surgery).

Human Model: Cases of an uncomplicated myocardial
infarction (off therapy) and prospectively monitored for 8.8 months
(n = 406 with n = 53 females; aged 57 = 9 years).
Interpretation and Analysis: A relatively high number of
events usually occur during the monitoring period (e.g., n = 127;
n = 41 or 10% spontaneous [5 deaths; 12 reinfarctions; 24 unstable
angina]; n = 86 procedural related [27 angioplasty; 59 bypass sur-
gery]). Spontaneous events cannot be predicted by any clinical, exer-
cise ECG, or dobutamine stress echocardiography variable. How-
ever, the negative predictive value of both tests is excellent (91% and
90%, respectively). With multivariate Cox analysis, male gender,
positive low-workload (< 100 W) exercise ECG (p < 0.0001), posi-
tive low-dose dobutamine stress echocardiography (p < 0.0001), and
rest-stress wall motion score index variation (p < 0.001) are capable

of predicting cumulative cardiac events with an independent and
additive value.

Model: Dobutamine stress echocardiography is significantly
more sensitive (p , 0.05) and less specific (p , 0.01) in predicting the
outcome of cases with anterior infarction, while exercise ECG is sig-
nificantly more sensitive (p , 0.05) in cases with non-Q wave infarc-
tion. The most valuable concepts related to these observations
include (i) spontaneous events are poorly predicted by provocative
tests in low-risk cases after uncomplicated myocardial infarction; (ii)
however, both exercise ECG and dobutamine stress echocardiogra-
phy can predict a favorable outcome with a very high negative pre-
dictive value; (iii) dobutamine stress echocardiography should be
considered a secondary option in cases where the exercise ECG is
equivocal or when the location of ischemia is a relevant issue; and
(iv) the possibility that the 2 tests have a differential utility depend-
ing on the infarct location and type (Q wave vs non-Q wave) may be
clinically relevant and deserves further evaluation.

Prognostic value of residual ischemia assessed by exercise electrocardiogra-
phy and dobutamine stress echocardiography in low-risk patients following
acute myocardial infarction. Bigi R, Galati A, Curti G, Coletta C, Barlera S,
Partesana N, Bordi L, Ceci V, Occhi G, Fiorentini C. Eur Heart J 1997 Dec;
18 (12), pp. 1873-81.

Myocardial Ishchemia: Functional Markers/
Hypokinesia, Akinesia, or Dyskinesia
Dobutamine/[Magnetic Resonance Imaging (MRI)]

Cellular/Molecular Mechanism of Action: Dobutamine is an
adrenergic agonist/sympathomimetic pharmaceutical agent.
Application: Detection or exclusion of myocardial ischemia and
viability in cases with suspected coronary artery disease.
Dosage: Dobutamine (increasing doses of 10, 20, 30, and 40
pg/kg/min).
Implementation: Assessment of the clinical applicability of
DS-MRI for the detection of myocardial ischemia and myocardial
viability. Three left ventricular short-axis planes are examined for
occurrence of disorders in wall movement during infusion of
increasing larger doses of dobutamine (10, 20, 30, and 40 pg/kg/
min). Temporary recovery of wall thickening in a previously dimin-
ished or non-contracting segment under 5 pg/kg/min of dobutamine
is considered proof of viability. Development of hypokinesia, akine-
sia, or dyskinesia at higher doses of dobutamine serves as an indica-
tor of ischemia. If the DS-MRI test is positive for ischemia, then
coronary angiography is performed. Such evaluations, if indicated,
are subsequently subjected to revascularization. If DS-MRI does not
reveal ischemia, then cases may be monitored on an outpatient basis.

Human Model: Cases of suspected coronary artery disease
subjected to breath-hold DS-MRI (1 Tesla) 4 days after cessation of
anti-ischemic medication that can not be studied by means of con-
ventional bicycle ergometry.

Human Model: Cases of suspected coronary artery disease
(n = 100; n = 62 men; n = 38 female; mean age = 62 years * 12).
All cases with non-ischemic DS-MRI scans (e.g., n = 53) are fol-
lowed up for 11 to 23 months (mean 17 months). One case expired
suddenly 2 weeks after the MRI test. Other cases may not experience
any coronary events or sudden cardiac death (e.g., n = 52/100).
Interpretation and Analysis: A high percentage of cases sub-
jected to DS-MRI will yield diagnostic information (n = 95/100 or
95%). In cases with DS-MRI scans considered positive for ischemia
and in which coronary angiography is subsequently performed,
essentially all affected individuals have coronary abnormalities that



suggest revascularization is necessary (n = 41/42; n = 1 false posi-
tive). The predictive value of a positive DS-MRI scan for ischemia is
98% and the predictive value of a negative DS-MRI scan is also
98%. DS-MRI is a safe diagnostic method for the detection or exclu-
sion of myocardial ischemia and viability in cases with suspected
coronary artery disease.

Dobutamine stress magnetic resonance imaging (DS-MRI), a valuable tool
for the diagnosis of ischemic heart disease. van Dijkman PR, Kuijpers TJ,
Blom BM, van Herpen G. Ned Tijdschr Geneeskd 2002 Jul 13; 146 (28), pp.
1327-32.

Myocardial Ischemia: Cardiomyopathy (Ischemic)/
Diabetes Mellitus

Acipimox/["®F]-FDG Single Photon Emission Computed
Tomography (SPECT)

Cellular/Molecular Mechanism of Action: The agent ['*F]-
FDG functions as an analog of glucose. Acipimox is a nicotinic acid
derivative.

Application: Evaluation of differences in glucose metabolism
using ["®F]-FDG. Acipimox utilized in combination with ['*F]-FDG
SPECT metabolic imaging can be used to assess conditions of
ischemic cardiomyopathy even in cases suffering from diabetes mel-
litus.

Implementation: Evaluation of ischemic cardiomyopathy cases
applying ['*F]-FDG SPECT imaging analysis in combination with
acipimox to assess myocardial viability. Complementary image
analysis involves performing resting 2-dimensional echocardio-
graphy in an effort to identify dysfunctional myocardial tissues.
Image quality is then scored visually and quantitatively, while the
myocardium-to-background ratio is determined by region-of-inter-
est analysis. The plasma concentrations of glucose and free fatty
acids are determined to evaluate metabolic status before and during
['®*F]-FDG imaging.

Human Model: Ischemic cardiomyopathy (n = 70; n =

34/70 diabetes mellitus; n = 12/34 insulin-dependent diabetes melli-
tus; n = 22/34 non-insulin-dependent diabetes mellitus; n = 36/70
non-diabetic).
Interpretation and Analysis: Acipimox significantly lowers
plasma levels of free fatty acids in both categories of case type.
Approximately 50% of diabetic cases (e.g., n = 15/34) have plasma
glucose levels of > 9 mmol/L, which is lowered successfully in
essentially all cases when administered additional insulin. Visual
evaluation of ['®F]-FDG images reveals variable quality in cases
with either diabetes (good n = 27/34; moderate n = 5/34; poor n =
2/34; p = ns) or individuals without diabetes (non-diabetic: good n
32/34; moderate n = 4/34; poor n = 0/34; p = ns). The myocardi-
um-to-background ratio of ["*F]-FDG SPECT images is comparable
in cases with and without diabetes mellitus (3.1 = 1 vs 3.5 = 0.9; p
= ns). The type of diabetes has no influence on ['*F]-FDG image
quality. Note: Severe side effects usually are not appreciated with
["®F]-FDG SPECT procedures. ['*F]-FDG SPECT metabolic imag-
ing after acipimox appears to be safe and practical for routine assess-
ment of viability in cases with ischemic cardiomyopathy. Image
quality is good, even in patients with diabetes, although additional
insulin is sometimes needed.

Effect of diabetes mellitus on myocardial 18F-FDG SPECT using acipimox
for the assessment of myocardial viability. Schinkel AF, Bax JJ, Valkema R,
Elhendy A, van Domburg RT, Vourvouri EC, Bountioukos MA, Krenning EP,
Roelandt JR, Poldermans D. J Nucl Med 2003 Jun; 44 (6), pp. 877-83.
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Myocardial Ischemia
Dipyridamole/[**"Tc]-SestaMIBI/[Nuclear
Scintigraphy]

Cellular/Molecular Mechanism of Action: Dipyridamole
influences the metabolism and transport of adenosine and adenosine
nucleotides. In this context, dipyridamole, a nucleotide transport
blocker, suppresses the intracellular infux of adenosine released
from myocardial tissues that have been deprived of adequate oxygen.
Dipyridamole also induces the release of hydrogen peroxide and
chemotactic factors from peripheral blood leukocyte populations.
Physiological Mechanism of Action: Dipyridamole promotes
diminished coronary artery vascular resistance, increased coronary
artery vasodilation, elevated coronary artery blood flow, and increased
coronary artery oxygen delivery. One of the most prominent influences
of dipyridamole in this regard is its effect on small-diameter vascular
beds supplied by the coronary artery. However, it has a minimal effect
in regions of ischemia since these same vessels tend to already be
maximally dilated.

Application: Dipyridamole can be applied to characterize condi-
tions of angina pectoris either in stress tests or during the course of
performing advanced forms of imaging analysis.

Considerations: Radionuclide myocardial perfusion imaging
has been shown to have favorable diagnostic and prognostic value in
this setting. Early sensitivity is excellent for the detection of acute
myocardial infarction not achieved by other diagnostic/testing mo-
dalities.

Route of Administration: Intravenous.

Interpretation and Analysis: Elevation in plasma leukocyte
chemotactic factors correspond with positive imaging results ob-
tained with the application of [99"’Tc]—sestaMIBI. Sensitivity for de-
tecting early acute myocardial infarction (MI) has been superior to
findings achieved with other testing modalities based on the valida-
tion of findings applying [**™Tc]-sestaMIBI scintigraphy.
Instrumentation: Boyden leukocyte chemotactic chamber and
nuclear medicine scintigraphy imaging instrumentation.

Toxicity: Relatively low but includes peripheral vascular hypoten-
sion, nausea, vomiting, diarrhea.

Myocardial Perfusion Assessment
Dipyridamole/[*°' Thallium] Single Photon Emission
Computed Tomography (SPECT)/[Nuclear
Scintigraphy]

Cellular/Molecular Mechanism of Action: Dipyridamole is
classified as a adenosine nucleotide trasport blocker whereby it pre-
vents adenosine influx into myocardial cells.

Application: Detection and characterization of myocardial
ischemia.

Route of Administration: Dipyridamole (slow IV).

Dosage: Dipyridamole.

Considerations: A dipyridamole stress test might be considered
appropriate as a provocative test when physical exercise cannot be
carried out.

Implementation: Evaluate the diagnostic capability of SPECT
to detect diseased coronary vessels utilizing dipyridamole in concert
with [**'thallium]/SPECT imaging.

Assessment of myocardial infusion (+ maximal ergometric exer-
cise) can be facilitated by infusion of dipyridamole in concert with
myocardial imaging techniques employing [**'thallium]/SPECT.
To evaluate the diagnostic capability of SPECT in the detection of
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diseased coronary vessels, the left ventricular myocardium can be
subdivided into 6 segments related to the 3 major coronary arteries.
Images using SPECT are acquired after dipyridamole infusion
(Methodology Type 1 with n = 41 cases) or after tracer injections at
maximal ergometric exercise (Methodology Type 2 with n = 162
cases). Based on findings from [*°'TI] and dipyridamole evaluations,
cases are then subdivided into 2 groups for diagnostic coronary
angiography.

Human Model: Cases suffering from cardiovascular disease
involving the coronary artery(n = 203).
Interpretation and Analysis: Sensitivity for characterizing the
left anterior descending artery is 77% with Methodology Type 1 and
79% for Methodology Type II; while specificity is 80% and 96%,
respectively. Sensitivity for the right coronary artery is 91% with
Method 1 and 85% with Method 2; while specificity is 81% and
73%. For the left circumflex artery sensitivity is 65% with Method 1
and 67% for Method 2, while specificity is 89% and 88%, respec-
tively. Myocardial SPECT results after ergometric exercise and
dipyridamole infusion turned out to be almost superimposable (iden-
tical).

Diagnostic accuracy of single photon emission computed tomography with
thallium-201 for the identification of diseased coronary arteries. Comparison
between dipyridamole infusion and exercise stress test. Dondi M, Monetti N,
Levorato M, Corbelli C, Zagni P, Tartagni F, Maiello L, Fallani F, Ortolani P.
J Nucl Med Allied Sci 1990 Jan-Mar; 34 (1), pp. 19-23.

Myocardial Perfusion/Microvascular Permeability/
Renal Hypertension/Hypercholesterolemia Model
Dobutamine/Adenosine/[Computed Tomography]

Cellular/Molecular Mechanism of Action: Explanations
have been provided for review in a previous citation entry for the
molecular and physiological mechanisms of actions for adenosine
and dobutamine (adrenoreceptor agonist/sympathomimetic agent).
Physiological Mechanism of Action: Adenosine phosphate
promotes relaxation of vascular smooth muscle and exerts a negative
chronotropic effect on the heart.
Background Information: Hypercholesterolemia (HC) and
hypertension (HT) are both major risk factors for the development
and progression of atherosclerotic heart disease. Simultaneous oc-
currence of both conditions has been associated with an increased in-
cidence of cardiac events in clinical studies. Hypercholesterolemia
and HT are individually associated with abnormal myocardial vascu-
lar function, but whether HT exacerbates HC-induced myocardial
vascular dysfunction remains uncertain.
Application: Evaluation of myocardial perfusion and microvas-
cular permeability.
Route of Administration: Adenosine (intravenous) and dobuta-
mine (intravenous).
Implementation: Evaluation of myocardial perfusion and mi-
crovascular permeability in vivo applying electron-beam computed
tomography in response to cardiac challenge with adenosine and do-
butamine administration. The involvement of systemic and myocar-
dial tissue oxidative stress in vitro is assessed by oxidizability of
LDL, levels of endogenous antioxidants, and tissue activity levels of
radical-scavenger systems.

Animal Model: Swine (dietary hypercholesterolemia and ren-
ovascular hypertension).
Interpretation and Analysis: While in normal control in vivo
models myocardial perfusion increases in response to adenosine
(+36 = 13%, p < 0.05), in HC and HT alone the increase is blunt-
ed. In HC + HT myocardial perfusion response is further attenuated

and significantly lower than normal, while myocardial vascular
resistance fails to decrease (+7.6 = 8.8 vs =21 = 5.8%, p = 0.02 vs
normal). HC + HT also show a blunted response to dobutamine, and
augmented in vivo increases in microvascular permeability. These
functional abnormalities are associated with increases in systemic
and myocardial tissue oxidative stress compared to HC or HT alone,
and synergistic decreases in endogenous antioxidant defenses in
myocardial tissue. Furthermore, chronic antioxidant vitamin supple-
mentation in combined HC and HT improves myocardial vascular
responses. Hypertension amplifies hypercholesterolemia-induced
myocardial microvascular dysfunction hypercholesterolemia in vivo
and increases oxidative stress in vitro. These alterations may poten-
tially play a role in the increased incidence of cardiac events ob-
served when HC and HT co-exist.

Hypertension exacerbates the effect of hypercholesterolemia on the myo-
cardial microvasculature. Rodriguez-Porcel M, Lerman A, Herrmann J,
Schwartz RS, Sawamura T, Condorelli M, Napoli C, Lerman LO. Cardiovasc
Res 2003 Apr 1; 58 (1), pp. 213-21.

Myocardial Perfusion: Kawasaki Disease (KD)/
Regional Hypoperfusion
Dipyridamole/[*°*"Tc]-Tetrofosmin/[Nuclear
Scintigraphy]

Cellular/Molecular Mechanism of Action: Dipyridamole is
classified as a adenosine nucleotide transport blocker whereby it pre-
vents adenosine influx into myocardial cells.

Physiological Mechanism of Action: Dipyridamole promotes
vasodilator activity.

Background Information: The coronary artery abnormalities
in KD often cause myocardial ischemia. The radionuclide [**'thalli-
um] has been applied for the purpose of imaging myocardial perfu-
sion in order to determine the extent of ischemia in KD cases. The
technetium perfusion agents offer better resolution and may offer
additional information about ventricular function in KD conditions.

Application: Tetrofosmin myocardial perfusion imaging can de-
tect regional areas of myocardial hypoperfusion (e.g., Kawasaki dis-
ease of children).

Dosage: Dipyridamole (high-dose = 0.70 mg/kg); [*™tech-
netium]-tetrofosmin (first dose = 74 to 370 MBq; second dose =
148 to 740 MBq).

Implementation: Evaluation of myocardial perfusion in cases
of KD applying [*’™technetium]-tetrofosmin (TF) in conjunction
with performing a dipyridamole vasodilator stress test. Significant
coronary artery stenosis is classified as being = a 75% reduction in
lumen diameter. After the administration of high-dose dipyridamole
by infusion, [*™Tc]-tetrofosmin is injected followed by as second
[**™Tc]-tetrofosmin injection at rest 4 hours later. Single photon
emission computed tomography (SPECT) images are then obtained
more than 30 minutes after TF injection.

Human Model: Kawasaki disease (n = 86 cases 11.5 * 6.4
years; n = 20 age-matched controls without heart disease).
Interpretation and Analysis: Significant coronary artery
stenosis, coronary aneurysm without stenosis, and an absence of
coronary lesions can be appreciated in a moderate number of cases
(e.g., n = 20/86, n = 37/86, and n = 29/86, respectively). Regional
myocardial hypoperfusion can be observed in a number of cases that
have coronary artery stenosis of 75% or greater (n = 18/86; sensitiv-
ity, 90%, and specificity, 100%). A small percentage of cases do not
demonstrate ischemic changes in the presence of coronary artery
stenosis (n = 2) and some of these cases have good collateral flow (n
= 1of2).



Myocardial ischemia in Kawasaki disease: Evaluation with dipyridamole
stress technetium 99m tetrofosmin scintigraphy. Fukuda T, Ishibashi M,
Yokoyama T, Otaki M, Shinohara T, Nakamura Y, Miyake T, Kudoh T, Oku
H. J Nucl Cardiol 2002 Nov-Dec; 9 (6), pp. 632-7.

Ventricular (Myocardial) Function
Dobutamine/Nitroglycerin/[Echocardiography]

Cellular/Molecular Mechanism of Action: Dobutamine is an
adrenergic agonist/sympathomimetic agent.

Physiological Mechanism of Action: Nitroglycerin exerts
vasodilatory properties.

Background Information: Dobutamine-inducible left ventricu-
lar obstruction lacks sound clinical meaning. The phenomenon may
be related to an abnormal response of the heart to sympathetic stim-
ulation. Head-up tilt can elicit intraventricular obstruction in cases
known to develop such responses during dobutamine administration,
through the synergistic effects of reduced preload, hypercontractility,
and reflex increases in cardiac sympathetic tone.

Application: Dobutamine echocardiography analyses for the
evaluation of ventricular function.

Route of Administration: Dobutamine (infusion), and nitro-
glycerin (infusion).

Dosage: Dobutamine and nitroglycerin (0.3 mcg/kg/min).
Implementation: Evaluation of dobutamine stress echocardiog-
raphy and 60-degrees head-up tilt on echocardiographic and electro-
cardiographic monitoring in drug-free and during nitroglycerin
infusion (0.3 mcg/kg/min) protocols. Doppler echocardiographic
measurements of left ventricular diameters, function, and outflow
tract flow velocity are acquired in addition to assessment of power
heart rate variability analyzed on short electrocardiographic record-
ings (low-/high-frequency ratio). In addition, plasma catecholamines
can be determined at baseline and during tilt maneuvers.

Human Model: Normal coronaries (n = 21; of whichn = 12
cases with left ventricular obstruction during dobutamine stress
echocardiography [n = 7/12 males, aged 61 = 7 years]; n = 9 failed
to develop complications [n = 3 males, aged 60 = 9 years]).
Interpretation and Analysis: Intraventricular obstruction does
not develop in group 1 type cases. Baseline differences can be appre-
ciated in ventricular dimensions and mitral early-to-late velocity
ratios between case group types 1 and 2 in contrast to hemodynamic
patterns during either tilt maneuver which appear to be very similar
Low/high frequency ratios, that are similar at baseline and similarly
increased with the head-up tilt test, conversely increase significantly
less in nitroglycerin-tilt tests for group 1 type cases. Differences in
plasma catecholamine concentrations can usually not be appreciated.
In summary, reflex cardiovascular adaptive responses such as those
elicited by passive tilt are not involved in dynamic intraventricular
obstruction in cases with dobutamine-inducible obstruction, and data
indicates that left ventricular geometry and hypercontractility are not
sufficient pathophysiological determinants.

Dobutamine-inducible left ventricular obstruction: Head-up tilt and autono-
mic balance. Barletta G. Int J Cardiol 2003 Feb; 87 (2-3), pp. 245-52.

Ventricular Wall Motion: Post—Heart Transplant/
Myocardial Contractile Response
Dipyridamole/[Echocardiography]

Background Information: Coronary allograft vasculopathy
(CAV) remains a major factor limiting long-term survival after heart
transplantation. The diagnosis of CAV is still based on serial coro-
nary angiography imaging.
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Application: Evaluation of CAV applied in combination with
echocardiography image analysis. Dipyridamole echocardiography
is a simple, non-invasive test that after heart transplantation may
identify cases with altered wall motion that require stricter surveil-
lance.
Dosage: Dipyridamole (high-dose).
Implementation: Evaluation of the prognostic value of high-
dose dipyridamole echocardiography in heart transplant cases. Coro-
nary allograft vasculopathy is defined as CAV 1 (focal or diffuse
stenosis < 50%) or CAV 2 (focal or diffuse stenosis = 50%). Wall
motion score index (WMSI) is evaluated at rest and after dipyri-
damole challenge.

Human Model: Cases 48 hours prior to scheduled annual
coronary angiography (n = 68 cases).
Interpretation and Analysis: Results of coronary angiography
imaging are normal in a large number of cases (n = 43/68 or 63%),
approximately 16% show CAV 1 (n = 11/68), and CAV 2 can be
appreciated in about 21% of cases (e.g., n = 14/68). Similary, resting
wall motion is normal in a large percentage of cases (n = 39/68 nor-
mal; n = 29/68 abnormal). Following dipyridamole administration,
wall motion remains unchanged in normal cases (e.g., n = 39/39;
Group 1, no CAV inn = 34, and CAV 1 inn = 5). In cases with rest-
ing wall motion abnormalities (e.g., n = 29), dipyridamole creates
no changes or worsening in most instances (e.g., n = 21/29; Group
3,CAV 2inn = 14, and no CAV or CAV 1 in n = 7), but can reverse
conditions to normal in a modest number of cases (n = 8/29; Group
2,10 CAVinn = 7 and CAV 1 in n = 1). During a 6-year (* 3
years) monitoring period, a large number of cases will experience a
major cardiac event (n = 15; n = 11 Group 3; n = 4 Groups 1 and
2). Wall motion at rest and after dipyridamole administration and
CAV are independent predictors for cardiac events; only dipyri-
damole WMSI > 1 remains significant (p < 0.0001) when evaluated
using multivariate analysis.

Prognostic value of contractile response during high-dose dipyridamole
echocardiography test in heart transplant recipients. Ciliberto GR, Parodi O,
Cataldo G, Mangiavacchi M, Alberti A, Parolini M, Frigerio M. J Heart Lung
Transplant 2003 May; 22 (5), pp. 526-32.

Vasodilation Response: Pharmaceutical-Mediated
Nitroglycerin/[Ultrasound]

Physiological Mechanism of Action: Nitroglycerin promotes
vasodilatory/venodilation properties with venodilation most pre-
dominant at lower dosages.
Application: Provocative pharmaceutical challenge for enhanc-
ing the diagnostic accuracy of echocardiography procedures.
Route of Administration: Nitroglycerin (multiple).
Dosage: Nitroglycerin.
Implementation: Investigate the effects of non-ECG-triggered
imaging during ultrasound studies assessing endothelial function.
Brachial artery diameters are measured throughout the cardiac cycle
at rest, during reactive hyperemia, and after nitroglycerin administra-
tion. R wave-triggered imaging using a 7.5 MHz ultrasound trans-
ducer can be utilize with image acquisition every 41.7-66.7 ms. Car-
diac cycle-related variation is computed as the maximum percent
change from the end-diastolic diameter. The range of possible errors
in flow-mediated dilation (FMD) and nitroglycerin-mediated vasodi-
lation that may result from ignoring cyclic variations in diameter are
then determined for each condition.

Human Model: n = 24 subjects.
Interpretation and Analysis: True FMD, true nitroglycerin-
mediated vasodilation, and the maximum and minimum values that
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can be erroneously calculated for FMD if timing is ignored all differ
dramatically (p < 0.05). The range of apparent FMD values that can
be measured is nearly 3 times the true FMD value. Ignoring temporal
position within the cardiac cycle artifactually increases calculated
FMD into the normal range, despite the presence of truly impaired
FMD. Peak arterial dilation occurs before end-systole and greater
baseline vessel compliance is associated with greater FMD. Brachial
artery diameters vary significantly throughout the cardiac cycle. The
magnitude of this variation is similar to the arterial dilation induced

by reactive hyperemia and nitroglycerin, making ECG-triggered
imaging mandatory for acquiring accurate and reproducible clinical
and research measurements of artery diameters and FMD. Measure-
ment of diameters at end-diastole may be preferred to other time
points in the cardiac cycle.

Instrumentation: 7.5 MHz ultrasound transducer.

Effect of cardiac cycle on ultrasound assessment of endothelial function.
Chuang ML, Douglas PS, Bisinov EA, Stein JH. Vasc Med 2002 May; 7 (2),
pp. 103-8.



2 Central Nervous System

AUTONOMIC NERVOUS SYSTEM

Dynamic Time-Frequency Analysis of the
Autonomic Nervous System
Sodium Amobarbitol/Wada Test

Background Information: Recently, time-frequency analysis
has become very popular for examining non-stationary time series
and for researching fast-changing phenomena.
Application: Utilized in performing the Wada test which
involves the (selective) injection of sodium amobarbitol into the
internal carotid artery resulting in the inactivation of cerebral struc-
tures supplied by the ipsilateral anterior and middle cerebral arteries.
The intra-carotid instillation of amobarbital can be combined with
electrocardiographic analyses (electrocardiopharmacology test).
Route of Administration: Amobarbitol (catheter instillation
into the internal carotid artery).
Implementation: Utilization of a smoothed-pseudo Wigner-
Ville distribution to model the underlying dynamic autonomic nerv-
ous system changes that occur during the intracarotid sodium amo-
barbital (ISA Wada test). Electrocardiogram (EKG) data are
recorded during the entire procedure and 10 minutes prior to each
injection which are used as baseline values for that hemisphere.
Interbeat-interval time series are created from such data for further
analyses (smoothed-pseudo Wigner-Ville distribution to model).
Human Model: 13-year-old patient.
Interpretation and Analysis: Evaluations of data generated in
the fashion described reveals that sodium amobarbitol injection to
either side of the brain produces decreased power in the vagally
mediated high frequency band (.14-.40 Hz). Importantly, the
decrease is greater when the right hemisphere is inactivated com-
pared to the left side. Such results are consistent with the known lat-
eralized innervation of the heart such that right-sided autonomic
inputs have greater influence on cardiac chronotropy. Very rapid
changes in autonomic control occur that characterize the inactivation
and subsequent recovery of the cerebral hemispheres and serve to
confirm the utility of time-frequency analysis in the investigation of
cardiac time series.

Time frequency analysis of the cardiovascular response during the intraca-
rotid amobarbital test. Sollers JJ 3rd, Ahern GL, Merritt MM, Thayer JF.
Biomed Sci Instrum 2002; 38, pp. 267-71.

lleus: Postoperative/Myasthenia Gravis
Neostigmine

Cellular/Molecular Mechanism of Action: Inhibits the bio-
chemical activity of acetylecholine esterase, resulting in accumulation
of acetylcholine neutrotransmitter. As a result, there is an elevated lev-
el of parasympathetic activity within the autonomic nervous system.

Diagnostic Application: (i) verification of the presence of nor-
mal gastrointestinal function in conditions of postoperative and pain-

induced ileus. (ii) diagnostic detection of myasthenia gravis condi-
tions.

Route of Administration and Dosage: Subcutaneous injec-
tion usually preferred.

Considerations: Rapid intravenous injection can promote spas-
tic (painful) contractions of gastrointestinal smooth muscle. Admin-
istration in cases suffering from myasthenia gravis can exacerbate
the severity of the condition through depletion of axonal acetyl-
choline stores.

Interpretation and Analysis: Alleviation of gastrointestinal
ileus based upon detection of auscultatable borborygmi, palpable
contractions, and visualization of fecal production. Myasthenia
gravis cases will temporarily demonstrate an improvement in gener-
alized motor function and a reduction in the severity of apparent
paresis.

lleus: Reversible (Postoperative):
Adenosine Receptor Antagonist Ligands
FK352/DPCPX

Cellular/Molecular Mechanism of Action: (R)-1-[(E)-3-(2-
phenylpyrazolo[1,5-a]pyridin-3-yl) acryloyl]-piperidin-2-yl acetic
acid (FK352) and 8-cyclopentyl-1, 3-dipropylxanthine (DPCPX)
function as adenosine A; receptor antagonists.
Physiological Mechanism of Action: Reversal of declines in
large intestine motility.
Application: Diagnostic interpretation of postoperative ileus or
hypomotility related to pain.
Implemenation: Evaluation of colonic propulsive motility as a
function of dye migration following injection into the lumen of the
colon. Relevant experimental stimuli include pentobarbital anesthe-
sia or surgical trauma (partial gastrectomy, cecectomy, or gentle
touching of the colon with fingers).

Animal Model: Rat (unrestrained).
Interpretation and Analysis: Propulsive motility significantly
decreases after anesthesia or partial gastrectomy. Intravenous admin-
istration of either (R)-1-[(E)-3-(2-phenylpyrazolo[1,5-a]pyridin-3-yl)
acryloyl]-piperidin-2-yl acetic acid (FK352) or 8-cyclopentyl-1, 3-
dipropylxanthine (DPCPX) function as adenosine A receptor antago-
nists and reverse the slowing of colonic propulsion activity in experi-
mental ileus models. Blockade of adenosine A, receptors therefore
has both diagnostic benefits for assessing the integrity of parasympa-
thetic regulation of gastrointestinal motility, and intestinal smooth
muscle function relevant to conditions including post-operative ileus.
Adenosine A, receptor blockade also has several potential therapeutic
applications.

Adenosine A1 receptor blockade reverses experimental postoperative ileus in
rat colon. Kadowaki M, Nagakura Y, Tokita K, Hanaoka K, Tomoi M. Eur J
Pharmacol 2003 Jan 1; 458 (1-2), pp. 197-200.
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Sympathetic Nervous System/Reflex Sympathetic
Dystrophy: Cocaine-Induced Reflex
Phentolamine

Cellular/Molecular Mechanism of Action: Phentolamine
(a-adrenergic blocker).

Physiological Mechanism of Action: Cocaine (vasoconstric-
tor activity); phentolamine (vasodilator activity).

Background Information: Reflex sympathetic dystrophy (RSD)
usually follows traumatic injuries or neurologic disorders.

Human Model: Rare cases of RSD following intra-arterial

administration of cocaine in the presence of a history of intravenous
drug abuse. An example of a representative case includes cocaine
self-administered inadvertently into the femoral artery rather than
into the femoral vein.
Interpretation and Analysis: Despite the intense pain, swelling,
and dermatologic changes that can accompany intra-arterial carotid
cocaine injection, a diagnosis of RSD should be validated by scinti-
graphic imaging. A combination of normal radiographic finding, a
normal leukocyte study, and abnormal bone scan lesions in the region
of tenderness and swelling serve to exclude other possibilities and
suggest a diagnosis of RSD. In some conditions of RSD, the disorder
is likely caused by an ischemic autonomic injury induced by the vaso-
constrictor activity of cocaine. Clinical follow-up and relief using
phentolamine, an a-adrenergic blocker and vasodilator, make the
diagnosis of RSD most likely.

Cocaine-induced reflex sympathetic dystrophy. Gay D, Singh A. Clin Nucl
Med 2000 Nov; 25 (11), pp. 863-5.

PERIPHERAL NERVOUS SYSTEM AND
NEUROMUSCULAR FUNCTION

Neurologic vs Musculoskeletal Differentiation
Lidocaine/Mepivicaine/Bupivicaine

Cellular/Molecular Mechanism of Action: Inhibits axonal
membrane-associated Na /K™ pump activity, thereby diminishing the
rate or completely preventing transmission of neurologic impulses.
Diagnostic Application: Localization of sites of musculoskele-
tal pain associated with bone and joint structures. In instances where
the origin of pain is uncertain (e.g. veterinary medicine), then injec-
tions of local anesthetic are initially injected at the most distal
regions of a limb with progressively more proximal injections made
until the painful foci is desensitized. Local peripheral nerve blocks
can also be applied to differentiate musculoskeletal pain from neuro-
logic deficit/disorders.

Localization of pain to specific anatomical foci or regions im-
proves the accuracy of detecting pathological lesions and facilitates
more efficient if not accurate radiographic examinations. The proce-
dure is of particular applicability in lameness examinations per-
formed in veterinary medicine (e.g., equine gait abnormalities).
Route of Administration and Dosage: Local injection either
intra-articular or in a juxta-position along peripheral nerves.
Considerations: Lidocaine has an onset of action of approximate-
ly 5 minutes with a duration of action that approaches 30 to 45 min-
utes. Mepivicaine (Carbocaine) has a slightly longer onset of action
and a duration of activity lasting approximately 45 to 60 minutes.
Bupivicaine (Marcaine) has the longest onset of action and the longest
duration of activity; on average it can last between 3 and 4 hours.

Onset of action and duration of activity are inversely related and
are dependent upon the individual diffusion characteristics of each
local anesthetic agent across axonal membrane structures. Duration

of activity can be enhanced with preparations containing epinephrine
that promote vasoconstriction which inhibits diffusion away from
the site of local injection. Dextrose has also been included in prepa-
rations of local anesthetic agents to increase their osmotic character-
istics and promote accumulation of tissue fluid at the site of injec-
tion, thereby inhibiting diffusion of local anesthetic agent away from
the site of injection.

Implementation: Injection of a local anesthetic agent in joint
structures or in a juxta-position along peripheral nerves that directly
correspond to anatomical regions suspected of being a source of
pain.

Clinical Example: Evaluation of confirmed cases of osteo-
arthrosis (osteoarthritis, OA) of the hip and spine with concomitant
lower extremity pain below the knee that is coxalgic or neuropathic.
One approach to determining if leg symptoms are coxalgic or neu-
ropathic can involve the administration of Bupivicaine by intra-
articular injection into the hip as a provocative test.

Human Model: Cases with roentgenographically proven osteo-
arthrosis (osteoarthritis, OA) of the hip and spine (e.g. n = 18 conse-
cutive patients).

Interpretation: Alleviation of pain or signs of abnormal locomo-
tion or gait which directly corresponds to the anatomical site of anes-
thetic agent injection (e.g., intra-articular or peripheral nerve branch).
In the clinical example provided pertaining to osteoarthritis lesions
affecting the hip and spine, such tests allow correct identification of
the source of the pain with a sensitivity of 87%, a specificity of
100%, and an efficiency of 88%. A provocative test of this nature
provides significant savings in terms of diagnostic tests and patient
discomfort.

The value of bupivicaine hip injection in the differentiation of coxarthrosis
from lower extremity neuropathy. Kleiner JB; Thorne RP; Curd JG. J
Rheumatol] 1991 Mar; Vol. 18 (3), pp. 422-7.

Neuromuscular Disorder: Botulinum Neurotoxins:
Type A/[Botulinum Neurotoxins B and E]/[Tetanus
Toxin]/[Myasthenia Gravis]
3,4-Diaminopyridine/4-Aminopyridine

Cellular/Molecular Mechanism of Action: Both 3,4-diami-
nopyridine (3,4-DAP) and 4-aminopyridine function as A-type K*
channel blockers.
Diagnostic Application: Partial or substantial response appre-
ciated in cases of botulism intoxication caused by Clostridium botu-
linum exotoxin.
Application: Detection, characterization, and differentiation of
neuromuscular disorders due to botulinum neurotoxin types A, B,
and E, in addition to tetanus toxin.
Implementation: Evaluation of the potential for 4-aminopyri-
dine and 3,4-diaminopyridine to delay the onset of paralysis due to
botulinum neurotoxin types A, B, and E. Complementary investiga-
tions can involve evaluation of the potential for 3,4-diaminopyridine
to reverse paralysis due to botulinum toxin using phrenic nerve-
hemidiaphragm ex vivo preparations previously poisoned in vivo.
Analogous types of experiments can be done using tetanus toxin.
Animal Model: Murine (mouse excised phrenic nerve-
hemidiaphragm preparations).
Interpretation and Analysis: At a concentration that produces
enhancement of muscle twitch amplitude, 4-aminopyridine and 3,4-
diaminopyridine delay the onset of paralysis due to botulinum toxin
type A. Under the same conditions, the drugs do little to protect tissues
against botulinum toxin types B and E. The agent 3,4-diaminopyridine
produces transient increases in neuromuscular transmission, with the



“reversal” effect being greater for botulinum neurotoxin type A than
for botulinum neurotoxin types B and E. Results with 3,4-diaminopy-
ridine show that tetanus toxin resembles botulinum toxins type B and
E. Such findings clarify the role of aminopyridines as potential diag-
nostic/therapeutic agents in the treatment of botulism. They also pro-
vide insights into the mechanism of action of clostridial neurotoxins.

A preclinical evaluation of aminopyridines as putative therapeutic agents in
the treatment of botulism. Simpson LL. Infect Immun 1986 Jun; 52 (3), pp.
858-62.

Neuromuscular Disorders/Lambert-Eaton
Myasthenic Syndrome/Botulism
4-Aminopyridine/Neostigmine/[d-Tubocurarine]

Cellular/Molecular Mechanism of Action: Neostigmine
inhibits the biochemical activity of acetylecholine esterase. D-
tubocurarine competitively inhibits binding of acetylcholine to its
corresponding receptor complex.
Application: Classification and characterization of presynaptic
disorders, including Lambert-Eaton myasthenic syndrome and botu-
lism.
Implementation: Evaluation of pre- and postsynaptic events at
the neuromuscular junction in muscle tissue exposed to clinically
significant concentrations of 4-aminopyridine (4-AP), neostigmine,
or combinations of the 2 drugs.

Animal Model: Rat (skeletal muscle tissue).
Interpretation and Analysis: Simultaneous application of 4-AP
and neostigmine produces increases in the amplitudes of nerve-
evoked end plate potentials that are significantly greater than the
summed effects of the drugs applied individually. Such synergism is
present at junctions where transmission is blocked either postsynapti-
cally by d-tubocurarine or presynaptically by low [Ca®*]0 and high
[Mg*"10. Quantal content analysis of the latter preparation indicates
that the evoked release of acetylcholine is potentiated significantly
more than the amplitude of spontaneous miniature end plate poten-
tials, suggesting that the site of synergism is predominantly presynap-
tic. For symptomatic relief and long-term management of the neuro-
muscular junction disorders, it has been proposed that when applied
in combination, aminopyridine and anticholinesterase agents should
be applied at reduced dosages, thereby minimizing adverse effects.
Such combinations should be particularly effective in presynaptic dis-
orders, including Lambert-Eaton myasthenic syndrome and botulism.

Synergistic interaction of 4-aminopyridine with neostigmine at the neuro-
muscular junction. Tierney PC, Kim Y1, Johns TR. Eur J Pharmacol 1985 Sep
24; 115 (2-3), pp. 241-7.

The value of bupivicaine hip injection in the differentiation of coxarthrosis
from lower extremity neuropathy. Kleiner JB; Thorne RP; Curd JG. J
Rheumatol] 1991 Mar; Vol. 18 (3), pp. 422-7.

Peripheral Nerve Function Post—Crush Injury/
Sensorimotor Recovery/Temporary -vs- Permanent
Nerve Injury

ACTH;_54/ACTH_16NH >/ ACTH 4_;0/[Met(0)
4,D-Lysg,PheyJACTH o (Org. 2766)

Cellular/Molecular Mechanism of Action: The most well
known mechanism of adrenalcorticotropin hormone (ACTH) per-
tains to its ability to promote the release of cortisol from the adrenal
cortex. Other physiological properties of ACTH extend beyond this
most prominent function (e.g., “crossover” melanocyte maturation).
Application: Discovery of the potential for peripheral nerve
crush injury to regain sensorimotor function.
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Implementation: Evaluation of sensorimotor function recovery
using the “foot-flick” response test after crushing of the sciatic
nerve. Every other day, ACTH,_,4 is administered by subcutaneous
injection immediately after the foot-flick test.

Animal Model: Rat (foot-flick response test following
mechanical crushing of the sciatic nerve).
Interpretation and Analysis: Administration of ACTH, ,4 pro-
motes a faster recovery of sensorimotor function compared to refer-
ence controls. Such beneficial effects are dose-dependent. In con-
trast, no effect on toe-spreading can be detected. To investigate what
part of the peptide molecule contains the active site and is devoid of
steroid properties, smaller sequences of ACTH;,, without corti-
cotrophic activity are then tested. Treatment with ACTH, ;sNH.,,
ACTH,_ g, or [Met(O,)44,D-Lysg,Pheg] ACTH, ¢ (Org. 2766) mimic
the effects of ACTH,_,4, whereas treatment with ACTH,_,, does not
affect the return of sensorimotor function. The stimulatory effects of
corticotrophin;_,4 and congeners on recovery of sensorimotor func-
tion have been described in terms of the direct effect of these pep-
tides on nervous tissue, probably through enhanced brain and spinal
cord protein synthesis.

Effects of corticotrophin (ACTH) on recovery of sensorimotor function in the
rat: Structure-activity study. Bijlsma WA, Jennekens FG, Schotman P, Gispen
WH. Eur J Pharmacol 1981 Nov 19; 76 (1), pp. 73-9.

CEREBRAL CORTEX AND CEREBRAL HEMISPHERES

Acetylcholine Receptor Complexes: Nicotinic
Ligands

Bis-Nicotinium, Bis-Pyridinium/Bis-Picolinium,
Bis-Quinolinium

Cellular/Molecular Mechanism of Action: Recognize and
bind to nicotinic acetylcholine receptor complexes (nAChRs).
Physiological Mechanism of Action: Nicotinic acetylcholine
receptor antagonist (parasympatholytic) and could potentially be ap-
plied as an indicator/marker molecule in non-imaging diagnostic pro-
cedures, or as a carrier imaging agent in nuclear medicine oriented
investigations.

Application: Nictotinic acetylcholine receptor antagonist activity.
Variation of N-n-alkyl chain length together with structural modifica-
tion of the azaaromatic quaternary ammonium moiety affords selec-
tive antagonist activity for the oy3,* nAChR subtype, as well as the
formation of ligands with selectivity at a;* nAChRs. The experimen-
tal findings provide a foundation for investigations devoted to the
molecular design of nicotinic acetylcholine receptor ligands.
Implementation: Evaluation of a series of bis-nicotinium, bis-
pyridinium, bis-picolinium, bis-quinolinium and bis-isoquinolinium
compounds for their binding affinity at nAChRs expressed in neuro-
logic tissues.

Ex-Vivo Model: Preparations of rat brain membranes.
Interpretation and Analysis: N,N’-Decane-1,12-diyl-bis-nico-
tinium diiodide (bNDI) exhibits the highest affinity for [*H]-nicotine
binding sites (K; = 330 nM), but does not inhibit [*H]-methyllyca-
conitine binding (K; > 100 wM), indicative of an interaction with
ayP,*, but not a;* receptor subtypes, respectively. In addition,
bNDI inhibits (ICs, = 3.76 microM) nicotine-evoked [*°Rb™] efflux
from thalamic synaptosomes, indicating antagonist activity at oy3,*
nAChRs. N,N’-Dodecane-1,12-diyl-bis-quinolinium  dibromide
(bQDDB) exhibits the highest affinity for [*H]-methyllycaconitine
binding sites (K; = 1.61 pM), but does not inhibit [*H]-nicotine
binding (K; > 100 wM), demonstrating an interaction with a;* but
not oyP3,>* nAChRs.
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Bis-Azaaromatic quaternary ammonium analogues: Ligands for a4f3,* and
a7 subtypes of neuronal nicotinic receptors. Ayers JT, Dwoskin LP, Deaciuc
AG, Grinevich VP, Zhu J, Crooks PA. Bioorg Med Chem Lett 2002 Nov 4; 12
(21), pp. 3067-71.

Acetylcholine Receptors/Neurodegenerative
Disease States: Acethylcholine Nictotinic a4f3,
Receptors/Tobacco Dependency
(S)-5-[">1]lodo-3-(2-Azetidinylmethoxy)Pyridine

Cellular/Molecular Mechanism of Action: (S)-5-['**I]iodo-
3-(2-azetidinylmethoxy)pyridine selectively binds to a3, subtype
nicotinic acetylcholine receptor complexes.

Application: The iodinated analog (S)-5-['*’IJiodo-3-(2-aze-
tidinylmethoxy)pyridine of A-85380 can be used for the specific
detection and characterization of oy, subtype nicotinic acetyl-
choline receptor complexes in neurodegenerative disease states in-
cluding conditions of tobacco dependence.

Route of Administration: (S)-5-['*I]iodo-3-(2-azetidinylme-
thoxy)pyridine (intravenous).

Implementation: Accurate measurement of (S)-5-["**I]iodo-3-
(2-azetidinylmethoxy)pyridine plasma concentrations in order to
determine its capacity to function as an “tracer”” molecule for in vivo
quantification of a3, subtype nicotinic acetylcholine receptor com-
plexes.

Human Model: Non-human and human primates.
Interpretation and Analysis: In human/non-human primate
whole blood as well as in plasma, the parent compound is only stable
for approximately 5 minutes, after which it decomposes. In contrast,
the radioligand is stable in the injection solution and in protein-free
(> 30-kDa M.W.) plasma ultrafiltrate for at least 18 hours. To pre-
serve the parent compound in plasma the radioactive plasma must
be mixed with equal volumes of acetonitrile within 5 minutes of
collection or, alternatively, radioactive blood should be collected
and mixed with sodium azide (3 mg/ml blood). The in vivo metabo-
lism of ['’1]5-IA generates 2 distinct components including (i) a
radiometabolite that is less lipophilic than the parent compound; and
(ii) a polar radiometabolite that is not free radioiodide because of the
absence of accumulated radioactivity within the thyroid.

Measurement of plasma metabolites of (S)-5-[123I]iodo-3-(2-azetidinyl-
methoxy)pyridine (5-IA-85380), a nicotinic acetylcholine receptor imaging
agent, in nonhuman primates. Zoghbi SS, Tamagnan G, Baldwin MF,
Al-Tikriti MS, Amici L, Seibyl JP, Innis RB. Nucl Med Biol 2001 Jan; 28 (1),
pp. 91-6.

Acetylcholine Receptors: Nicotinic Ligands
5-(3-Pyridinyl)-4-Azahomoadamantane 2a

Cellular/Molecular Mechanism of Action: Recognizes and
has binding avidity for a7 nicotinic acetylcholine receptor complexes.
Physiological Mechanism of Action: Competitive antagonist
of acetylecholine at nicotinic receptor complexes (parasympa-
tholytic).

Application: Potential carrier molecule for imaging the distribu-
tion and expression density of nicotinic-class acetylcholine receptor
complexes.

Semi-Synthetic Methods: Applying a general synthetic route,
nicotinic ligands can be produced that bear a variety of bulky aza-
ring groups and yield 5-(3-pyridinyl)- and 5-(3-quinolinyl)-4 azaho-
moadamantanes 2a, 3a and 2b, 3b.

Interpretation and Analysis: The parent compound, 5-(3-
pyridinyl)-4-azahomoadamantane 2a (K; = 5.0 wM) binds with
about a 100 times lower affinity than (+)-epibatidine 1 (K; = 0.045
wM) to a nicotinic acetylcholine receptors (nAChRs). N-methyl

substitution of 2a gives rise to compound 3a, which has about 9
times lower binding affinity. The replacement of pyridinyl with a
quinolinyl ring (compounds 2b, 3b) results in a dramatic reduction in
potency (Ki > 1000 uM).

Synthesis and binding affinities of 5-(3-pyridinyl)- and 5-(3-quinolinyl)-4-
azahomoadamantanes to o, nicotinic acetylcholine receptors. Tataridis D,
Kolocouris A, Fytas G, Kolocouris N, Foscolos GB, Poulas K, Tzartos SJ.
Farmaco. 2002 Dec; 57 (12), pp. 979-84.

Alcoholism: Genetic-Associated Sensitivity/Central
Nervous System EEG Patterns
Ethanol/Electroencephalogram Analysis/
(Electropharmacogenetics)

Cellular/Molecular Mechanism of Action: Ethanol functions
as a central nervous system depressant.

Background Information: Electroencephalogram (EEG) analy-
sis offers several advantages for performing pharmacogentic-related
studies since it simultaneously evaluates both genetic traits and chal-
lenge characteristics.

Application: Delineation of alterations in electroencephalogram
tracings induced by ethanol that are associated with specific genetic
characteristics that may be related to a predisposition of alcoholism.
Route of Administration: Ethanol is administered orally to
effect.

Implementation: Pharmacogenetic studies employing electro-
encephalogram analysis have been applied to characterize the in-
fluence of acute ethanol dosing on brain function. Performance of
such investigations in twin individuals facilitates the discovery of cer-
tain ethanol-induced alterations in brain wave profiles that are direct-
ly associated with genetic-related characteristics.

Interpretation and Analysis: Pharmacogenetic  studies
employing electroencephalogram analysis combined with acute
ethanol dosing in twin individuals reveals that certain alterations in
EEG tracings profiles induced by this depressant are genetic regu-
lated in nature. Among the various genetically determined variants
of EEG tracings, the poorly synchronized alpha EEG exhibits the
most pronounced response. Examination of a series of alcoholics of
both sexes as well as their 1st-degree relatives reveals that in
females the poorly synchronized alpha EEG may be a predictive
indicator reflecting a predisposition to alcoholism. Such observa-
tions support the perception that the disposition to alcoholism is
under genetic influence not only at the metabolic but also at the
pharmacodynamic level.

Pharmacogenetics of alcohol’s CNS effect: Implications for the etiology of
alcoholism. Propping P. Pharmacol Biochem Behav 1983;18 Suppl 1, pp.
549-53.

Alcoholism: Genetic-Associated Sensitivity/
Cholinergic Function
Ethanol/[*H]-Quinuclidinyl Benzilate

Cellular/Molecular Mechanism of Action: Ethanol functions
as a central nervous system depressant.

Application: Characterization of pharmacogentic properties
associated with vulnerability or resistance to the development of
alcoholism pertaining to different aspects of cholinergic function
within the autonomic nervous system.

Route of Administration: Ethanol is traditionally administered
orally (per 0s).

Dosage: Ethanol (4.6 g/kg).

Implementation: Evaluation of alterations in choline acetyl-
transferase (ChAT), acetylcholinesterase (AChE), aand [3H]—quinu—



clidinyl benzilate (QNB) binding within different regions of the
brain following ethanol administration.

Animal Model: Murine (C57BL/6 and BABLB/c inbred
strains of mice)
Interpretation and Analysis: Choline acetyltransferase in the
striatum and septum of C57BL/6 in vivo models exhibit greater sen-
sitivity to ethanol compared to BALB/c in vivo models. The limbic
system and related structures of BALB/c in vivo models show greater
sensitivity to ethanol compared to C57BL/6 in vivo models. Acute
ethanol administration in C57BL/6 in vivo models increases striatal
ChAT activity (up to 22% with 60-minute latency). Induction of
ethanol-induced augmentation of ChAT activity in this manner is
associated with non-synchronous decreases in kinetic characteristics
of stratum QNB binding. In contrast, no such changes are seen in
BALB/c in vivo models, except the observation of an increase in Ky
up to 90 min after acute ethanol treatment. Similar significant
increases in ChAT activity can also be observed in the septum of
C57BL/6 in vivo models 165 minutes after ethanol administration.
However, the septum in BALB/c in vivo models does not exhibit
comparable changes. Ethanol increases ChAT activity in several
brain areas of both C57BL/6 and BALB/c in vivo models. Regions of
the CNS that are affected include the hippocampus, temporal limbic
cortex, and piriform cortex or paleocortex. Interestingly, the laten-
cies to increased ChAT activity in these areas are much shorter in
BALB/c than in C57 in vivo models. The kinetic characteristics of
QNB binding sites (B,,,x and K4) and AChE activity are unchanged
in all regions of the brain and do not differ between strains (except
where previously indicated). Genetic differences in ethanol prefer-
ence and sensitivity in these strains therefore are accompanied by
differential sensitivity of ChAT to acute ethanol. Genotypic varia-
tions in dopaminergic-cholinergic interactions in striatum and hip-
pocampus, septum, and temporal limbic and piriform cortex could
contribute to genetic differences in cholinergic sensitivity to ethanol.
In addition, different blood-brain barrier and membrane properties
may also contribute to genetic differences in the sensitivity of cholin-
ergic function to ethanol. The differential effects on ChAT activity
could possibly be responsible for genetic differences in memory dis-
orders (limbic system and related structures) and motor incoordina-
tion (basal ganglia) following high-dose alcohol administration.

Genetically-determined responses of central cholinergic markers: The effects
of ethanol on inbred strains of mice. Hashemzadeh-Gargari H, Mandel P.
Neurotoxicology. 1989 Fall; 10 (3), pp. 555-68.

Alcoholism: Neuroendocrinology
Ethanol Challenge/[Angiotensin 1]

Application: Detection of variations in responses to ethanol
intoxication for the purpose of detecting and characterizing condi-
tions of alcoholism.
Route of Administration: Ethanol (oral).
Implementation: Simultaneous evaluation of multiple circulat-
ing neurohormones, osmolality, thirst, and fluid balance following
oral ethanol challenge for the purpose of identifying [i] aberrant hor-
monal responses related to Ang II and AVP; and [ii] diagnostic
parameters that can potentially be utilized to detect and characterize
conditions of chronic alcoholism. Parameters and blood samples are
collected prior to and 12 hours after ethanol challenge.

Human Model: Cases of alcoholism (e.g. n = 8 actively
drinking, alcoholic males) and n = 7 controls.
Interpretation and Analysis: Basal levels of serum osmolality
and thirst are significantly higher in alcoholics compared to controls,
yet actively drinking alcoholics have normal vasopressin levels, plas-
ma angiotensin II (Ang II), plasma renin activity, plasma aldo-
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sterone, and plasma catecholamines. In response to ethanol, serum
osmolalities increases are significantly higher, while plasma va-
sopressin levels are significantly suppressed in alcoholics. After
ethanol stimulus, plasma angiotensin II levels of alcoholics are sig-
nificantly higher than those of controls at 11 A.M. (12.15 = 4.49 vs
1.83 = 0.6 pg/ml; p < 0.02) and noon (14.93 = 6.81 vs 1.37 = 0.17
pg/ml, p < 0.04). Neither plasma renin activity nor aldosterone
change in accordance with the elevated plasma angiotensin II in
alcoholics. Diuresis in alcoholics (assessed by the sum of urine out-
put following the challenge dose) is significantly less than that of
controls. Thirst scores and fluid intakes after the ethanol challenge
do not differ between alcoholics and controls. The lack of an
angiotensin II mediated increase in plasma aldosterone or thirst
response suggests that ethanol may have a specific blunting effect on
angiotensin II receptors.

Neuroendocrine, fluid balance, and thirst responses to alcohol in alcoholics.
Collins GB, Brosnihan KB, Zuti RA, Messina M, Gupta MK. Alcohol Clin
Exp Res 1992 Apr; 16 (2), pp. 228-33.

Alcohoism/Seizures/Recurrent Alcoholic
Detoxification Episodes
Chlordiazepoxide/Pharmaco-Electroencephalography

Application: Delineation of recurrent alcoholic detoxification
seizures.
Route of Administration: Per os (oral) during detoxification
events (associated with the elimination of withdrawal seizures).
Implementation: Evaluation of the potential increased risk of
seizure activity during conditions of recurrent alcohol detoxifica-
tions. Structural brain damage, focal neurologic deficits, epilepto-
genic findings on electroencephalograms, and provocative drug use
are considered pertinent variables for seizure risk.

Human Model: Review of detoxification and seizure histories
(n = 256 men; n = 45 women voluntarily admitted to a 5-day inpa-
tient detoxification program).
Interpretation and Analysis: Administration of chlordi-
azepoxide is usually associated with the elimination of withdrawal
seizures. Some cases have a history of seizures (e.g., n = 64/301)
while others have significantly abnormal electroencephalograms
during detoxification (e.g., n = 42/301), or have focal slowing on the
electroencephalogram (e.g., n = 30/301). No correlation exists
between the duration of alcohol abuse or lifetime consumption of
alcohol and seizure activity. There is, however, a significant correla-
tion between the number of inpatient alcohol detoxifications and the
prevalence of seizure disorders. This correlation holds true even
when provocative drug use is taken into consideration.

Seizure risk with recurrent alcohol detoxification. Lechtenberg R, Worner
TM. Arch Neurol 1990 May; 47 (5), pp. 535-8.

Alcoholism/Sensitivity to Ethanol
Ethanol/Calcium Chloride/A23187 (Calcium lonophor)

Cellular/Molecular Mechanism of Action: Ethanol functions
as a central nervous system depressant.
Application: Characterization of differences in central nervous
system ethanol metabolism.
Route of Administration: Ethanol is administered orally
(per 0s).
Implementation: Sensitivity to ethanol is measured as a func-
tion of the blood ethanol concentration at the point where the right-
ing reflex is lost.

Animal Model: Murine (SS and LS mice)
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Interpretation and Analysis:  Sensitivity to ethanol is increased
significantly in SS but not LS mice following intracerebroventricular
(ICV) administration of calcium chloride or a calcium ionophore
(e.g. A23187). Magnesium chloride or lanthanum chloride, ICV,
does not alter sensitivity to ethanol in either SS or LS mice, further
indicating a specificity for calcium cation. Calcium does not affect
sensitivity to halothane narcosis in LS or SS mice. Endogenous brain
calcium content is similar in these mouse lines, and ethanol adminis-
tration either in vivo or in vitro does not alter brain calcium concen-
tration. Differences in brain sensitivity to ethanol are therefore medi-
ated, in part, by genetic differences in calcium-related processes and
support the hypothesis that ethanol-induced narcosis may be due to
alterations in calcium metabolism in the CNS.

Calcium influence on neuronal sensitivity to ethanol in selectively bred
mouse lines. Morrow EL, Erwin VG. Pharmacol Biochem Behav 1986 Apr;
24 (4), pp. 949-54.

Alcoholism/Salsolinol: Striatal Production/Alcohol
Dehydrogenase/Aldehyde Dehydrogenase
Cyanamide/4-Methylpyrazole/Ethanol

Cellular/Molecular Mechanism of Action: Cyanamide (CY)
is a potent inhibitor of aldehyde dehydrogenase. 4-methylpyrazole
(4-MP) is a strong inhibitor of alcohol dehydrogenase.
Application: The in-vivo formation of salsolinol (1-methyl-6,7-
dihydroxy-1,2,3,4-tetrahydroisoquionoline), an endogeneous con-
densation product of dopamine (DA) with acetaldehyde (AcH), can
be characterized following the administration of cyanamide (CY)
plus ethanol (EtOH) using microdialysis-high-performance liquid
chromatography with electrochemical detection.
Route of Administration: Cyanamide (50 mg/kg); 4-MP (82
mg/kg); EtOH (1 g/kg).
Implementation: Evaluation of the capacity for [i] CY to inhib-
it aldehyde dehydrogenase; [ii] 4-MP to inhibit alcohol dehydroge-
nase; and [iii] the combined effect of CY + 4-MP administration.
One hour latter, EtOH, CY and 4-HP is administered (only by
intraperitoneal administration).

Animal Model: Rat (microdialysis probe inserted into the
striatum).
Interpretation and Analysis: Administration of CY + EtOH
promotes elevation in the amount of salsolinol detected in striatal
(CNS) dialysates, and high AcH concentrations are found in the
blood. The time course of changes in salsolinol concentrations corre-
lates with blood AcH concentrations. Alternatively, salsolinol in the
dialysates and high AcH concentrations in the blood are not detected
with other treatment challenges. Such metabolite profiles indicate
that (i) high AcH concentrations induce the formation of salsolinol in
the striatum; and (ii) there is no effect of EtOH or AcH on striatal
dialysate concentrations of DA and 5-hydroxytryptamine.

In vivo formation of salsolinol induced by high acetaldehyde concentration in
rat striatum employing microdialysis. Jamal M, Ameno K, Kubota T, Ameno
S, Zhang X, Kumihashi M, Ijiri I. Alcohol 2003 May—Jun; 38 (3), pp. 197-201.

Alzheimer’s Disease (AD): Acethylcholine Receptors
(Muscarinic)/Muscarinic-Cholinergic Investigative
Probe

RS 86/2-Ethyl-8-Methyl-2,8-Diazaspiro-[4,5]-Decan-
1,3-Dion Hydrobromide/Oxotremorine/Arecoline/
Pilocarpine /Aceclidine

Cellular/Molecular Mechanism of Action: The agent 2-
ethyl-8-methyl-2,8-diazaspiro-[4,5]-decan-1,3-dion  hydrobromide

(RS 86) recognizes and physically binds to cholinergic muscarinic
receptor complexes as a component of the parasympathetic auto-
nomic nervous system. In this context, it functions as a potent, cen-
trally acting, selective muscarinic receptor agonist.
Application: The agent 2-ethyl-8-methyl-2,8-diazaspiro-[4,5]-
decan-1,3-dion hydrobromide (RS 86) appears to be an adequate
probe for the clinical examination of the cholinergic hypothesis for
the molecular pathogenesis of AD.
Implementation: Evaluate and compare the effects of the com-
pound 2-ethyl-8-methyl-2,8-diazaspiro-[4,5]-decan-1,3-dion hydro-
bromide (RS 86) to those of classical muscarinic receptor agonists
utilizing in vitro and in vivo test systems for muscarinic cholinergic
activity.

Animal Model: Guinea pig (ex vitro ileum preparations).

Animal Model: Rat (superior cervical ganglion).

Animal Model: Murine.
Interpretation and Analysis: In radioligand binding assays RS
86 displays high nanomolar apparent affinity only for sites labeled by
[*H]-muscarinic receptor agonists while its apparent affinity for sites
labeled by [3 H]-muscarinic receptor antagonists including [SH] QNB,
[PHINMS, and [3H]pirenzepine is in the micromolar range. RS 86
has no or only low affinity (ICs, greater than 10 M) for other neu-
rotransmitter or drug receptor sites. The compound induces scopo-
lamine-sensitive contractions of isolated guinea pig ileum showing a
pD2 of 6 in this model. In the isolated rat superior cervical ganglion
RS 86 also functions as an agonist with a pD2 of 6.7. When given to
mice or rats by different routes RS 86 induces central and peripheral
effects typical of a muscarinic receptor agonist, such as hypothermia,
tremor, mydriasis, salivation, lacrimation, diarrhea, and modification
of behavior as observed in an “open-field”” environment. In several of
these tests RS 86 is about 10 times less potent than oxotremorine but
more potent than arecoline, pilocarpine, aceclidine, or the compound
(cis) AF-30. The EDs, values for some central effects, including the
induction of hypothermia and alert non-mobile behavior, are lower
than those for tremor and peripheral effects. Some of the effects last
for up to 6 hours depending on dose. Finally, RS 86 administration
results in modifications of brain acetylcholine turnover and high
affinity choline uptake typical of a central muscarinic receptor ago-
nist. Taken together these results demonstrate clearly that RS 86 is a
potent, centrally acting, selective muscarinic receptor agonist. RS 86
appears to be an adequate tool for the clinical examination of the
cholinergic hypothesis of Alzheimer’s disease.

The pharmacological assessment of RS 86 (2-ethyl-8-methyl-2,8-diazaspiro-
[4,5]-decan-1,3-dion hydrobromide). A potent, specific muscarinic acetyl-
choline receptor agonist. Palacios JM, Bolliger G, Closse A, Enz A, Gmelin
G, Malanowski J. Eur J Pharmacol 1986 Jun 5; 125 (1), pp. 45-62.

Alzheimer’s Disease (AD): Amyloid (A-beta)
Fibrils/Senile Plaques and Neurofibrillary Tangles
Methoxy-X04/Derivative of Congo Red and
Chrysamine-G

Cellular/Molecular Mechanism of Action: Similar to Congo
red, methoxy-X04 is a fluorescent dye that possesses binding avidity
for molecular amyloid beta fibrils.

Background Information: The identification of amyloid
deposits in living AD cases is important for both early diagnosis of
the condition and for monitoring the efficacy of newly developed
antiamyloid therapies.

Application: Visual fluorescent detection and characterization of
amyloid beta fibrils deposits contained within plaques, tangles, and
cerebrovascular amyloid deposits.



Route of Administration: Methoxy-X04 (IV = 5 to 10 mg/kg;
IP = 10 mg/kg in mice).
Dosage: Methoxy-X04 (intravenous, intraperitoneal in mice).
Semi-Synthetic Methods: Methoxy-X04 is a derivative of
Congo red and chrysamine-G that contains no acid groups and is
therefore smaller and much more lipophilic than Congo red or
chrysamine-G.
Implementation: Evaluation of the in vivo ability of methoxy-
XO04 to selectively “associate” with individual plaques in a manner
that can facilitate non-invasive detection applying multiphoton
microscopy.

Animal Model: Mouse (PSI/APP).
Interpretation and Analysis: Methoxy-X04 retains in vitro
binding affinity for amyloid beta (a-beta) fibrils (K; = 26.8 nM) very
similar to that of chrysamine-G (K; = 25.3 nM). The fluorescent
properties of methoxy-X04 stained plaques, tangles, and cerebrovas-
cular amyloid in postmortem sections of AD brain reveals good lev-
els of specificity. In an in vivo environment (mice), multiphoton
microscopy can be applied to obtain high-resolution (1 wm) fluores-
cent images of the brain. Under such conditions, it is possible to
detect individual plaques that can be recognized within 30 to 60 min-
utes after a single intravenous injection (e.g. PSI/APP mouse brain).
A single intraperitoneal methoxy-X04 injection at 10 mg/kg also
produces high contrast images of plaques and cerebrovascular amy-
loid (e.g. PSI/APP mouse brain). Quantitative studies using tracer
doses of [''C]labeled methoxy-X04 show that it enters rat brain in
amounts that suggest it is a viable candidate as a positron emission
tomography (PET) amyloid-imaging agent for in vivo human diag-
nostic studies.
Instrumentation: Multiphoton microscopy.

Imaging a-beta plaques in living transgenic mice with multiphoton
microscopy and methoxy-X04, a systemically administered Congo red deriv-
ative. Klunk WE, Bacskai BJ, Mathis CA, Kajdasz ST, McLellan ME, Frosch
MP, Debnath ML, Holt DP, Wang Y, Hyman BT. J Neuropathol Exp Neurol
2002 Sep; 61 (9), pp. 797-805.

Alzheimer’s Disease (AD): Amyloid Beta/Dense
Plaque Oxidative Properties

Oxidation-Activated Fluorogenic Probes/N-Tert-Butyl-
Alpha-Phenylnitrone

Cellular/Molecular Mechanism of Action: N-tert-butyl-
alpha-phenylnitrone functions as a free radical spin trap.
Background Information: Amyloid beta, the primary con-
stituent of senile plaques in AD, is hypothesized to cause neuronal
damage and cognitive failure, but the mechanisms that mediate such
alterations remain largely unknown.

Application: Fluorogenic compounds can be used in vivo to
determine the degree of association between amyloid beta deposits
and free radical production. The compound N-tert-butyl-alpha-
phenylnitrone can function as a means of validating the effectiveness
and accuracy of tracers and probes designed to detect anatomical
regions of elevated oxidation potential.

Implementation: Utilization of compounds that actively fluo-
resce following exposure to tissues/anatomical regions that have ele-
vated oxidative potential thereby facilitating their detection utilizing
infrared laser imaging techniques. As a validation procedure, N-tert-
butyl-alpha-phenylnitrone (a free radical spin trap) can be systemi-
cally administered to determine the accuracy of oxidation-activated
fluorogenic probes. Collectively, these agents can be applied to
delineate if a direct association exists between amyloid-beta deposits
and free radical production.
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Animal Model: Mouse (in vivo transgenic AD).

Human Model: Brain tissue from cases of AD (ex vivo).
Interpretation and Analysis: Fluorescence can be appreciated
in dense core plaques, but not diffuse plaques, as determined by sub-
sequent addition of thioflavine S and immunohistochemistry analy-
sis for amyloid beta. Systemic administration of N-tert-butyl-alpha-
phenylnitrone greatly reduces the detection of probes activated by
tissue oxidative processes. It is therefore believed that a subset of
amyloid plaques produce free radical species in living Alzheimer’s
models and in human Alzheimer tissue sections. Antioxidant therapy
neutralizes these highly reactive molecules and may therefore be of
both diagnostic and therapeutic value in AD.

Instrumentation: Multiphoton imaging.

In vivo imaging of reactive oxygen species specifically associated with
thioflavine S-positive amyloid plaques by multiphoton microscopy. McLellan
ME, Kajdasz ST, Hyman BT, Bacskai BJ. J Neurosci 2003 Mar 15; 23 (6),
pp. 2212-7.

Alzheimer’s Disease (AD): Amyloid/A-beta;_4
Fibrils/Senile Plaques and Neurofibrillary Tangles
["*FIFDDNP

Cellular/Molecular Mechanism of Action: The agent 2-
(1-(6-[(2-["*F]fluoroethyl)-(methyl)amino]-2-naphthyl)ethylidene)
malononitrile ([ISF]FDDNP) is a hydrophobic dual-function semi-
synthetic compound that emits fluorescent light and possess binding
avidity for certain types of molecular amyloid.

Background Information: Senile plaques (SPs) and neurofib-
rillary tangles (NFTs) are hallmark pathologies that accompany the
neurodegeneration associated with AD. Beta-amyloid (a-beta) pep-
tide is a major constituent of SPs.

Application: Hydrophobic, fluorescent molecular-imaging probe
['*F]FDDNP, crosses the blood-brain barrier and determines the
localization and load of SPs and NFTs in vivo in cases of AD.
Route of Administration: Intravascular.

Implementation: Determination of the binding avidity of
FDDNP and its analog, 1—(6—[(2—[lgF]ﬂuoroethyl)(methyl) amino|
naphthalen-2-yl)ethanone (['*FIFENE), to synthetic fibrils of a-
beta,; 49 applying fluorimetric and radioactive binding assays.
Interpretation and Analysis: Both FDDNP and FENE bind to
kinetically distinguishable binding sites (n = 2 sites) on a-beta; 4
fibrils. Fluorescence titrations yield apparent Ky values of 0.12 and
0.16 nm associated with high-affinity binding sites for FDDNP and
FENE, respectively, and apparent Ky values of 1.86 and 71.2 nm
for low-affinity binding sites. The traditional radioactive binding
assays also produce apparent K, values in the low nanomolar range.
The presence of 2 kinetically distinguishable binding sites for
FDDNP and FENE suggests multiple binding sites for SPs and
identifies the parameters that allow for the structural optimization
of this family of probes for in vivo use. The high-affinity binding of
the probes to multiple binding sites on fibrils is consistent with
results obtained with digital autoradiography, immunohistochem-
istry, and confocal fluorescence microscopy using human brain
specimens of AD cases.

Binding characteristics of radiofluorinated 6-dialkylamino-2-naphthylethyli-
dene derivatives as positron emission tomography imaging probes for beta-
amyloid plaques in Alzheimer’s disease. Agdeppa ED, Kepe V, Liu J, Flores-
Torres S, Satyamurthy N, Petric A, Cole GM, Small GW, Huang SC, Barrio
JR. J Neurosci 2001 Dec 15; 21 (24), pp. RC189.
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Alzheimer’s Disease (AD): Amyloid Beta-Sheet
Proteins/Amyloid Plaques: A-beta Peptide/
Neurofibrillary Tangles: Tau Protein

Thioflavin Derivatives

Cellular/Molecular Mechanism of Action: Thioflavin-T
(ThT) derivatives possess binding avidity for beta-sheet proteins
deposited in amyloid plaques (a-beta peptide) and neurofibrillary
tangles (tau protein).

Background Information: Assessment of the beta-sheet pro-
teins deposited in vivo in amyloid plaques (a-beta peptide) or neu-
rofibrillary tangles (tau protein) represents a target for the develop-
ment of biological markers for AD.

Application: Detection and characterization of beta-sheet pro-
teins deposited in amyloid plaques (a-beta peptide) and neurofibril-
lary tangles (tau protein) similar to those associated with the patho-
genesis of AD.

Route of Administration: [Intravenous] if eventually applied in
a clinical environment.

Semi-Synthetic Methods: Production of thioflavin-T (ThT)
derivatives and the carbon-11-labeled compound [N-methyl-''C]6-
Me-BTA-1.

Implementation: Evaluate and characterize the ability for [N-
methyl-''C]6-Me-BTA-1 to enter into and be cleared from the brain.

Animal Model: Mouse (Swiss-Webster).

Interpretation and Analysis: These compounds lack the posi-
tively charged quaternary heterocyclic nitrogen of ThT and are there-
fore uncharged at physiological pH. They are 600-fold more
lipophilic than ThT. Derivatives of ThT bind to a-beta;_4 fibrils with
higher affinity (K; = 20.2 nM) than ThT (K; = 890 nM). The
uncharged ThT derivatives stain both plaques and neurofibrillary
tangles in postmortem AD brain, showing some preference for
plaque staining.

The compound [N-methyl-''C]6-Me-BTA-1 enters the brain at
levels comparable to commonly used neuroreceptor imaging agents
(0.223 %ID-kg/g or 7.61 %ID/g at 2 minutes postinjection) and
shows good clearance of free and non-specifically bound radioactiv-
ity in normal rodent brain tissue (brain clearance T, = 20 minutes).
The combination of relatively high affinity for amyloid, specificity
for staining plaques and neurofibrillary tangles in postmortem AD
brain, and good brain entry and clearance makes [N—methyl—“C]6—
Me-BTA-1 a promising candidate as an in vivo positron emission
tomography beta-sheet imaging agent.

Uncharged thioflavin-T derivatives bind to amyloid-beta protein with high
affinity and readily enter the brain. Klunk WE, Wang Y, Huang GF, Debnath
ML, Holt DP, Mathis CA. Life Sci 2001 Aug 17; 69 (13), pp. 1471-84.

Alzheimer’s Disease (AD): Amyloid/Extracellular
Amyloid-Beta Protein/Abnormal Tau Protein/
Abnormal Synuclein Proteins/[Alzheimer’s Disease]
[Trans/Trans]-1-Bromo-2,5-bis-(3-Hydroxycarbonyl-
4-Hydroxy)Styrylbenzene/Thioflavin S

Cellular/Molecular Mechanism of Action: Congo red-
derived fluorescent probe [trans/trans]-1-bromo-2,5-bis-(3-hydroxy-
carbonyl-4-hydroxy)styrylbenzene (BSB) binds to molecular amy-
loid.

Background Information: The novel Congo red-derived fluo-
rescent probe BSB binds to amyloid plaques of postmortem
Alzheimer’s disease brains and in vivo in the brains of transgenic
mice.

Application: Prototype imaging agent for detecting and charac-
terizing amyloid deposits/plaques (e.g. AD).

Implementation: Evaluation of postmortem tissues from cases
with various neurodegenerative diseases possessing diagnostic
lesions using BSB as a probe. Additionally, BSB can be assessed for
its ability to characterize fibrillar intra- or extracellular lesions and
compare its properties with standard histochemical dyes such as
thioflavin S and immunohistochemical stains specific for the same
lesion type.

Interpretation and Analysis: Laboratory results reveals that
BSB binds not only to extracellular amyloid beta protein but also to
many intracellular lesions composed of abnormal tau and synuclein
proteins which suggests that radioiodinated BSB derivatives or relat-
ed ligands may be useful in vivo imaging agents for detecting and
monitoring diverse types of amyloid.

The fluorescent Congo red derivative, (trans, trans)-1-bromo-2,5-bis-
(3-hydroxycarbonyl-4-hydroxy)styrylbenzene (BSB), labels diverse beta-
pleated sheet structures in postmortem human neurodegenerative disease
brains. Schmidt ML, Schuck T, Sheridan S, Kung MP, Kung H, Zhuang ZP,
Bergeron C, Lamarche JS, Skovronsky D, Giasson BI, Lee VM, Trojanowski
JQ. Am J Pathol 2001 Sep; 159 (3), pp. 937-43.

Alzheimer’s Disease (AD): Amyloid Plaques (A-beta)
Stilbene Derivatives/N-["' C]Methylamino-4'-
Hydroxystilbene

Cellular/Molecular Mechanism of Action: Stilbene deriva-
tives recognize and physically bind to amyloid plaques analogous to
those associated with AD.

Application: N-[''C]methylamino-4'-hydroxystilbene, or [''C]4
may be useful as a positron emission tomography (PET) imaging
agent for mapping a-beta plaques in the brain of cases with AD.
Route of Administration: Intravenous.

Semi-Synthetic Methods: Synthesis of a series of stilbene
derivative can be successfully achieved by performing a simple
Wadsworth-Emmons reaction between diethyl (4-nitrobenzyl)phos-
phonate and 4-methoxybenzaldehyde. The [''C] labeled 4-N-methy-
lamino-4'-hydroxystilbene, [''C] 4, is prepared by [''C] methylation
of 4-amino-4'-hydroxystilbene.

Analysis and Interpretation: 4-N,N-dimethylamino-4'-methy-
oxy and the corresponding 4-N-monomethylamino-, 4'-hydroxy stil-
benes show good binding affinities toward a-beta aggregates in vitro
(K; < 10 nM). The [''C]4 displays a moderate lipophilicity (log p =
2.36) and shows very good brain penetration and washout from nor-
mal rat brain following intravenous injection. /n vitro autoradiography
of transgenic AD mouse brain sections shows a high specific labeling
of beta-amyloid plaques, whereas control sections show no binding.

11C-labeled stilbene derivatives as A-beta-aggregate-specific PET imaging
agents for Alzheimer’s disease. Ono M, Wilson A, Nobrega J, Westaway D,
Verhoeff P, Zhuang ZP, Kung MP, Kung HF. Nucl Med Biol 2003 Aug; 30
(6), pp. 565-71.

Alzheimer’s Disease (AD): Amyloid Deposits (Related
Conditions)/Differential Stain Recognition:
Non-Fibrillar vs Fibrillar Amyloid/Transthyretin:
Amyloidic Protein

X-34/Congo Red/Thioflavin S

Cellular/Molecular Mechanism of Action: The agents Con-
go red, thioflavin S, and X-34 all possess binding avidity for molec-
ular amyloid.



Background Information: Transgenic Caenorhabditis elegans
animals can be engineered to express high levels of human beta
amyloid peptide (a-beta). Histochemistry of fixed tissue reveals
deposits reactive with the amyloid-specific dyes Congo red and
thioflavin S.

Implementation: Discovery of the potential for X-34 to bind to
amyloid deposits in Caenorhabditis elegans applying immunoelec-
tron microscopy as a validation methodology.

Interpretation and Analysis: Immunoelectron microscopy can
detect intracellular immunoreactive deposits with classic amyloid
fibrillar ultrastructure. These deposits can be visualized in living ani-
mals using the newly developed, intensively fluorescent, amyloid-
specific dye X-34. In vivo staining allows monitoring of amyloid
deposition over time. The specificity of X-34 staining is demonstrat-
ed by examining transgenic models expressing high levels of a non-
fibrillar beta peptide variant, the beta single-chain dimer. These ani-
mals have deposits immunoreactive with antibeta antibodies but do
not have X-34 positive-staining deposits or deposits with a fibrillar
ultrastructure. Visualization of putative amyloid deposits resulting
from accumulation of human transthyretin, another amyloidic pro-
tein, can also be achieved in vivo using X-34 dye reagent. In vivo
amyloid staining with X-34 may be a useful tool for monitoring anti-
amyloidic treatments in real time or screening for genetic alterations
that affect amyloid formation.

Visualization of fibrillar amyloid deposits in living, transgenic Caenorhabdi-
tis elegans animals using the sensitive amyloid dye, X-34. Link CD, Johnson
ClJ, Fonte V, Paupard M, Hall DH, Styren S, Mathis CA, Klunk WE. Neuro-
biol Aging 2001 Mar—Apr; 22 (2), pp. 217-26.

Alzheimer’s (Dementia Type): Cerebral Cortical
Function/Mini-Mental State Examination/
Prediction Classification: Stable/Improvement vs
Deterioration
Pharmaco-EEG/Tetrahydroaminoacridine

Cellular/Molecular Mechanism of Action: Tetrahydro-
aminoacridine (THA) is a reversible cholinesterase inhibitor.
Physiological Mechanism of Action: Tetrahydroaminoacri-
dine (THA) can function as an antidementia agent that is capable of
reversing the decreases in acetylcholine release, and improve the spa-
tial memory deficits associated with the administration of Delta9-
tetrahydrocannabinol, a major psychoactive component of marijuana.
Background Information: Previous investigations have indi-
cated that a single-dose pharmaco-EEG may predict the outcome of
4 to 7 weeks of THA treatment in Alzheimer’s type of dementia
(DAT).

Application: Characterization of alterations in cerebral cortical
function in DAT conditions. The pharmaceutical has been used in the
treatment of Alzheimer’s disease.

Route of Administration: Tetrahydroaminoacridine (oral).
Dosage: Tetrahydroaminoacridine (30 mg).

Implementation: Evaluate the influence of THA on cerebral
cortex function in conditions of DAT applying quantitative EEG
analyses. Tracings are recorded 2 hours after an intial oral dose and
then again after 12 weeks of THA.

Human Model: Probable cases of DAT (n = 24). Investiga-
tions can be designed in the format of an open trial study.
Interpretation and Analysis: The EEG in conditions of DAT
that exhibit stable or improved scores on Mini-Mental State Exami-
nations (MMSE) at 12 weeks display a significantly faster baseline
mean alpha frequency as well as significant reductions in relative
theta power following a single THA dose compared to conditions
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displaying evidence of deterioration. Discriminant analysis using
test dose response EEG variables can correctly classify 75-79%
of these 2 patient group types, suggesting that the procedure may be
a useful approach for optimizing the individual selection for anti-
dementia treatments.

Pharmaco-EEG test dose response predicts cholinesterase inhibitor treatment
outcome in Alzheimer’s disease. Knott V, Mohr E, Mahoney C, Ilivitsky V.
Methods Find Exp Clin Pharmacol 2000 Mar; 22 (2), pp. 115-22.

Alzheimer’s Disease (AD): Histamine H; Receptors
A-304121/A-317920/Thioperamide, Ciproxifan, and
GT-2331

Cellular/Molecular Mechanism of Action: Physically bind
to and functionally antagonize H; receptor sites.

Physiological Mechanism of Action: Pharmacological block-
ade of central histamine H; receptors (H3Rs) enhances cognition in
rodents.

Application: Potentially beneficial for the clinical diagnosis
(imaging) and treatment of certain neurological disorders (Alz-
heimer’s-like conditions).

Route of Administration: [(4-(3-(4-((2R)-2-aminopropanoyl)-
1-piperazinyl)-propoxy)-phenyl)-cyclopropylmethanone] and A-
317920 [N-((1R)-2-(4-(3-(4-(cyclopropylcarbonyl)-phenoxy)-
propyl)-1-piperazinyl)-1-methyl-2-oxo-ethyl)-2-furamide].
Dosage: Agent #1—[(4-(3-(4-((2R)-2-aminopropanoyl)-1-piper-
azinyl)-propoxy)-phenyl)-cyclopropylmethanone] (A-304121: dip-
sogenia (1 mg/kg); rat-pup avoidance (10 mg/kg)]. Agent #2—[N-
((1R)-2-(4-(3-(4-(cyclopropylcarbonyl)-phenoxy)-propyl)-1-piper-
azinyl)-1-methyl-2-oxo-ethyl)-2-furamide] [A-317920: dipsogenia
(0.45 mg/kg); rat-pup avoidance 3 mg/kg)].

Considerations: Several previously characterized H;R antago-
nists are either not selective for H;Rs or have potentially significant
tolerability issues.

Interpretation and Analysis: Both A-304121 [(4-(3-(4-((2R)-
2-aminopropanoyl)-1-piperazinyl)propoxy)-phenyl)-cyclopropyl-
methanone] and A-317920 [N-((1R)-2-(4-(3-(4-(cyclopropylcar-
bonyl)-phenoxy)-propyl)-1-piperazinyl)-1-methyl-2-oxo-ethyl)-2-
furamide] evoke functional blockade of central Hs receptors based
on their ability to significantly attenuate acute dipsogenia responses
mediated by the selective H3R agonist (R)-alpha-methylhistamine
[(R)-alpha-MeHA].

Behavioral and neurophysiological research (in vivo) has demon-
strated that cognitive performance is improved in 5-trial rat-pup
avoidance tests following the administration of A-304121 (10 mg/
kg) or A-317920 (3 mg/kg), with efficacy levels comparable with
previously published observations for the reference H;R antagonists
thioperamide (10 mg/kg), ciproxifan (3 mg/kg), and GT-2331
[(1R,2R)-4-(2-(5,5-dimethylhex-1-ynyl)cyclopropyl)imidazole] (1
mg/kg). Social memory is also significantly enhanced in the adult rat
with A-304121 (3, 10 mg/kg) and A-317920 (1, 3 mg/kg) at doses
that produce no significant change in electroencephalogram slow-
wave amplitude activity. Relative therapeutic indices (TIs) of 30 and
42 have been estimated for A-304121 and A-317920, respectively, by
comparing doses producing adverse effects in general observation
studies with potency in inhibitory avoidance, which are superior to
TIs of 8, 10, and 18 observed for the reference antagonists thiop-
eramide, ciproxifan, and GT-2331, respectively. The compounds A-
304121 and A-317920 represent a series of novel, H;R-selective
piperazine amides that enhance cognition in vivo, which could offer
advantages over existing H;R antagonists or cognition-enhancing
agents.
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Two novel and selective nonimidazole H3 receptor antagonists A-304121 and
A-317920: 1I. In vivo behavioral and neurophysiological characterization.
Fox GB, Pan JB, Radek RJ, Lewis AM, Bitner RS, Esbenshade TA, Faghih R,
Bennani YL, Williams M, Yao BB, Decker MW, Hancock AA. J Pharmacol
Exp Ther 2003 Jun; 305 (3), pp. 897-908. Epub 2003 Feb 20.

Antidepressant Profiling Influences on Cortex
Function

Pharmaco-Electroencephalography Psychometric
Tests/S-Adenosyl-L-Methionine (SAMe)/L-Methionine
(SAMe)/Ademetionine

Physiological Mechanism of Action: S-adenosyl-L-methio-
nine promotes EEG patterns similar to the thymoleptic-type proper-
ties associated with imipramine and amitriptyline.
Application: S-adenosyl-L-methionine, L-methionine (SAMe),
or ademetionine.
Route of Administration: S-adenosyl-L-methionine (infusion
over 30 minutes for 7 days with a washout period of 3 weeks en-
forced between serial EEG recordings).
Dosage: S-adenosyl-L-methionine (800 mg).
Implementation: Evaluation of the influence of SAMe, L-
methionine (SAMe), and ademetionine on brain function and behav-
ior utilizing EEG mapping and psychometry analyses. S-adenosyl-
L-methionine is administered with an enforced washout period of 3
weeks in between serial analyses. EEG recordings and psychometric
analyses are performed 0, 1, 3, and 6 hours after drug administration
on days 1 and 7.

Human Model: Cases of normal healthy elderly volunteers (n
= 10; n = 5 males; n = 5 females; age = 5671 years, mean: = 59.3
years). Investigation design: Double blind, placebo-controlled
crossover study.
Interpretation and Analysis: Multivariate analysis based on
MANOVA/Hotelling T, tests demonstrate significant central effects
of SAMe compared to placebo after acute, subacute, and superim-
posed drug administration. Acute SAMe induces changes that are
characterized by a decrease in total power, an increase in absolute
delta, and a decrease in absolute alpha power; further by an increase
in relative delta and a decrease in relative alpha power; and a slowing
of the delta/theta centroid as well as a slowing of the centroid of the
total power spectrum. These changes are typical of classical antide-
pressants of the thymoleptic type (e.g. imipramine and amitripty-
line). After 1 week of daily infusions there are marked increases in
total power, reminiscent of nootropic drug effects. One additional
superimposed dosage mitigates these effects in the direction of an
antidepressant profile, with the inter-drug differences waning in the
6" hour. Pharmaco-EEG findings therefore reveal that both inhibito-
ry and excitatory drug effects underlying the antidepressant proper-
ties of SAMe are well documented in clinical trials. Psychometric
tests concerning noopsychic and thymopsychic measures as well as
critical flicker frequency generally demonstrate a lack of differences
between SAMe and placebo in a manner that reflects the good toler-
ability of the agent in elderly subjects.

Pharmacodynamic studies on the central mode of action of S-adenosyl-L-
methionine (SAMe) infusions in elderly subjects, utilizing EEG mapping and
psychometry. Saletu B, Anderer P, Linzmayer L, Semlitsch HV, Lindeck-
Pozza E, Assandri A, di Padova C, Saletu-Zyhlarz GM. Ther Drug Monit
2002 Aug; 24 (4), pp. 532-6.

Arteriovenous Malformations: Central Nervous
System (CNS)
Methohexital

Physiological Mechanism of Action: Methohexital is a barbi-
turate that acts as a central nervous system depressant.
Application: Existing reports suggest that methohexital is a safe
provocative agent for use prior to embolotherapy for brain arteriove-
nous malformations. However, the full effects of methohexital with-
in the cerebral circulation remain to be elucidated.

Route of Administration: Methohexital (intra-arterial).
Dosage: Methohexital (1% concentration with individual doses
of 1-6 mg/injection).

Interpretation and Analysis: Arterovenous malformation can
initially be characterized with the aid of digital vascular imaging
methods performed just prior to and just after intra-arterial metho-
hexital injection.

Human Model: Cases without angiographic or clinically

detectable evidence of vasospasms (e.g. n = 66 vascular pedicle
injections in n = 30 cases).
Interpretation and Analysis: Perfusion of functional tissue
with methohexital can often immediately precipitate evidence of
altered neurologic status that fortunately almost invariably resolves
within 2 minutes of the initial onset. No signs of either prolongation
of the induced clinical symptoms or seizures are evident to suggest
any adverse effects related to either methohexital crystallization or
the effects of injecting an alkaline solution into the cerebral vascular
circulation.

Though the full effects of methohexital in the cerebral circulation
remain to be elucidated, existing reports suggest it is a safe provoca-
tive agent for use prior to embolotherapy for brain arteriovenous
malformations.

Intra-arterial use of sodium methohexital for provocative testing during brain
embolotherapy. Peters KR, Quisling RG, Gilmore R, Mickle P, Kuperus JH.
AJNR Am J Neuroradiol 1993 Jan-Feb; 14 (1), pp. 171-4.

Autism (Infantile): Hypothalamic Dysfunction/
Parkinson’s Disease
L-dopa

Cellular/Molecular Mechanism of Action: Systemically, L-
dopa is converted to dopamine, which is responsible for the primary
physiological properties of L-dopa preparations.
Application: Delineation of hypothalamic dysfunction and pos-
sible relationship to dopaminergic abnormalities in cases of infantile
autism fulfilling the DSM-III criteria for this disorder.
Considerations: Following oral administration, approximately
95% of the L-dopa ingested is decarboxylated to dopamine (poorly
penetrates the blood-brain barrier). In order to achieve changes in
neurological function through the accumulation of L-dopa in the
CNS, relatively large doses have to be administered. Over time, a tol-
erance to L-dopa begins to develop. The conversion of L-dopa to
dopamine, however, can be inhibited by the co-administration of
inhibitors of hepatic dopa decarboxylase (L-amino acid decarboxy-
lase inhibitors: carbidopa [USA] benserazide [Europe]).

One side effect of L-dopa is an inhibition of prolactin secretion
presumably through a direct effect on the adenohypophysis and pos-
sibly the release of prolactin inhibitor factor. Other side effects are



rather common when L-dopa is applied as a therapeutic modality
(vomiting, nausea).

Drug interactions may occur with pyridoxine since L-dopa is
decarboxylated by the pyridoxine-dependent enzyme L-amino acid
decarboxylase. Excess amounts of pyridoxine enhance extracerebral
metabolism of L-dopa, thereby neutralizing its biological/physiolog-
ical effect (e.g., pyridoxine in vitamin supplements). Reserpine
depletes intracellular dopamine stores.

Implementation: Evaluation of suspected cases of autism and
Parkinson’s disease.

Interpretation and Analysis: Results indicate a high incidence
(at least 30%) of blunted plasma growth hormone responses follow-
ing oral L-doap administration. These data suggest an alteration of
hypothalamic dopamine receptor sensitivity in cases with blunted
responses. Thus, a subgroup of autistic cases within a descriptively
homogeneous diagnostic category shows evidence of hypothalamic
dysregulation and dopaminergic abnormalities.

In conditions of Parkinson’s disease, approximately 75% of the
cases respond favoriably to L-dopa administration and may appear
essentially symptom free. To some degree, all of the clinical signs of
Parkinson’s disease respond to L-dopa administration except epi-
sodes of dementia.

Growth hormone response to L-dopa and clonidine in autistic children. Real-
muto GM, Jensen JB, Reeve E, Garfinkel BD. J Autism Dev Disord 1990
Dec; 20 (4), pp. 455-65.

Plasma growth hormone response to oral L-dopa in infantile autism.
Deutsch SI, Campbell M, Sachar EJ, Green WH, David R. J Autism Dev
Disord 1985 Jun; 15 (2), pp. 205-12.

Autonomic Nervous System Dynamic Time-
Frequency Analysis
Sodium Amobarbitol/Wada Test

Background Information: Recently, time-frequency analysis
has become very popular for examining non-stationary time series
and for researching fast-changing phenomena.
Application: Utilized in performing the Wada test which involves
the (selective) injection of sodium amobarbitol into the internal
carotid artery resulting in the inactivation of cerebral structures sup-
plied by the ipsilateral anterior and middle cerebral arteries. The
intra-carotid instillation of amobarbital can be combined with elec-
trocardiographic analyses (electrocardiopharmacology test).
Route of Administration: Amobarbitol (catheter instillation
into the internal carotid artery).
Implementation: Utilization of a smoothed-pseudo Wigner-
Ville distribution to model the underlying dynamic autonomic nerv-
ous system changes that occur during the intracarotid sodium amo-
barbital (ISA Wada test). Electrocardiogram (EKG) data are
recorded during the entire procedure and 10 minutes prior to each
injection which are used as baseline values for that hemisphere.
Interbeat-interval time series are created from such data for further
analyses (smoothed-pseudo Wigner-Ville distribution to model).
Human Model: 13-year-old patient.
Interpretation and Analysis: Evaluations of data generated in
the fashion described reveals that sodium amobarbitol injection to
either side of the brain produces decreased power in the vagally
mediated high frequency band (.14-.40 Hz). Importantly, the
decrease is greater when the right hemisphere is inactivated com-
pared to the left side. Such results are consistent with the known lat-
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eralized innervation of the heart such that right-sided autonomic
inputs have greater influence on cardiac chronotropy. Very rapid
changes in autonomic control occur that characterize the inactivation
and subsequent recovery of the cerebral hemispheres and serve to
confirm the utility of time-frequency analysis in the investigation of
cardiac time series.

Time frequency analysis of the cardiovascular response during the intrac-
arotid amobarbital test. Sollers JJ 3rd, Ahern GL, Merritt MM, Thayer JE.
Biomed Sci Instrum 2002; 38, pp. 267-71.

Behavior: Depression/REM Latency Disturbances
Pharmaco-Electroencephalography/Growth
Hormone/DST

Application: Provocative stimulation tests that promote
increased growth hormone secretion can be applied to detect and
characterize certain types of behavioral depression.
Implementation: Evaluate the influence of provocative neuroen-
docrine stimulation tests with DST and growth hormone (GH) on
cerebral cortical function during sleep analyzed by EEG recordings.
Human Model: Cases of prepubueral monozygotic twins (n
= 2 males) with Major Depressive Disorder. Results are compared
with results from a normal puberal control boy (e.g., n = 1), and an
adolescent female (e.g., n = 1) suffering from major depression.
Interpretation and Analysis: The REM latency is reduced in
the adolescent depressed girl but not in the puberal depressed twins
when compared to normal controls (e.g., n = 1). Sleep continuity
and sleep architecture are, however, disturbed in examples of puber-
al and adolescent depression and a function of or directly related to
the severity of the original depressive state. The results of the DST
reveal abnormal cortisol values in severely depressed individuals
(e.g., most severely depressed twin and in the depressed adolescent).
Growth hormone secretion after DMI shows a clear GH response in
the less depressed twin and in normal subjects (e.g., n = 1) while in
the depressed adolescent (e.g., n = 1), the GH response is blunted.
Therefore, REM latency disturbances in at least some cases of
depression do not appear before adolescence, while neuroendocrine
dysfunction can already be present in puberal depression.

Electroencephalogram and neuroendocrine parameters in pubertal and ado-
lescent depressed children. A case report study. Mendlewicz J, Hoffmann G,
Kerkhofs M, Linkowski P. J Affect Disord 1984 Jun; 6 (3—4), pp. 265-72.

Behavior: Depression
L-5-Hydroxytryptophan (L-5HTP)

Background Information: Phenylalanine, tyrosine, L-dopa, L-
tryptophan, and L-5-hydroxytryptophan (L-5HTP) have been found
to induce differential behavioral and biochemical effects in both
healthy subjects and endogenous depressed individuals. Indoleamine
precursors predominantly cause mood changes. However, the effica-
cy of these amino acids as antidepressants has been neither clearly
established nor refuted, probably due to insufficient consideration of
the following criteria: lack of adequately high plasma levels to facil-
itate passive transport of enough agent into the brain; lack of effec-
tive serotoninergic system stimulation; and selective increase of
serotonin turnover with minimal interaction with other neurotrans-
mitters.
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Application: Characterization of depressive behavior patterns.
Route of Administration: L-5HTP (intravenous).
Implementation: Evaluation of strategies for systemic loading
with precursor amino acids of the monoamines that are postulated to
be involved in the molecular pathogenesis of mental disorders. One
approach towards achieving this objective involves delineating the
concentration profile for intravenous L-SHTP utilized as a provoca-
tive test for cases of depression, administered in concert with the
concomitant measurement of neuroendocrinological and psycho-
metric parameters.

Theoretical and therapeutic potential of indolamine precursors in affective
disorders. Wirz-Justice A. Neuropsychobiology 1977; 3 (4), pp. 199-233.

Behavior: Depression
Sulpiride/(Prolactin Response)

Cellular/Molecular Mechanism of Action: Sulpiride is a
dopamine D2 receptor antagonist.

Background Information: Multiple lines of investigation have
implicated the role of the dopaminergic system in disorders of
depression.

Application: Detection and characterization of the molecular
basis for depression behavior (e.g. cerebral hemisphere disfunction).
Implementation: Characterization of dopamine D, receptor
sensitivity status in depressed vs negative control cases by means of
a neuroendocrine challenge test involving the measurement of pro-
lactin response to sulpiride challenge. Cases are diagnosed as posi-
tive according to DSM-IV criteria, in concert with the application of
the Montgomery Asberg and Zung scales.

Human Model: Cases of behavioral central nervous system
depression (n = 10 with n = 10 age-matched male volunteer con-
trols). No significant difference in baseline levels of prolactin can be
appreciated between the depressed and control case groups.
Interpretation and Analysis: Significantly higher prolactin
levels after sulpiride challenge can be appreciated in cases suffering
from depression in contrast to unaffected controls at all time points
following sulpiride administration. Such a neuroendocrine challenge
paradigm suggests that the prolactin response to sulpiride is
enhanced in depression, and suggests that this receptor might be
supersensitive in depression disorders compared to controls. Obser-
vations of this nature add to the data implicating the dopaminergic
system in the pathophysiology of depression and suggest that
dopaminergic mechanisms might be a target of diagnostic and thera-
peutic interest.

The prolactin response to sulpiride in major depression: The role of the D2
receptor in depression. Verbeeck WJ, Berk M, Paiker J, Jersky B. Eur Neu-
ropsychopharmacol 2001 Jun; 11 (3), pp. 215-20.

Behavior: Depression
Thyrotropin-Releasing Hormone (TRH)

Cellular/Molecular Mechanism of Action: One of the bio-
logical effects of hypothalamic thyrotropin-releasing hormone
(TRH, rifathyroin) is induced production/release of pituitary thyroid
stimulating hormone.

Physiological Mechanism of Action: Possesses a peculiar
spectrum of stimulating action bringing it nearer to such psychotrop-
ic agents as psychostimulants and antidepressants.

Application: Thyrotropin-releasing hormone (TRH, rifathyroin)
can be applied to characterize conditions of mental depression.
Considerations: In animals, TRH increases locomotivity with-
out induction of aggression, stereotypia, or epileptic disorders; while

it enhances the effects of amphetamine, apomorphine, and L-dopa;
and reduces the action of reserpine, haloperidol, and clonidine.
Experimental Interpretation: Thyrotropin-releasing hormone
facilitates the teaching of rats in a T-form labyrinth causing rotating
behavior of rats during selective administration to the head of the
caudate nucleus. In this context, experimental data has revealed that
TRH possess adreno- and dopamine-stimulating properties in TRH.
Clinical Interpretation: Euphoristic and stimulating effects
have been noted with the clinical application of TRH as a diagnostic
agent in cases with depressive disturbances (e.g. n = 42).

Behavior: Depression: Cerebral Hemisphere
Function/Pharmaco-EEG Profile/Delta and Alpha
Power/Delta/Theta Centroid/Centroid of the Total
Power Spectrum/Noopsychic and Thymopsychic
Measures/Critical Flicker Frequency
S-adenosyl-L-Methionine/Ademetionine/[Imipramine]/
[Amitriptyline]

Physiological Mechanism of Action: S-adenosyl-L-methio-
nine promotes EEG patterns similar to the thymoleptic-type proper-
ties associated with imipramine and amitriptyline.
Application: S-adenosyl-L-methionine, L-methionine (SAMe),
or ademetionine.
Route of Administration: S-adenosyl-L-methionine (infusion
over 30 minutes for 7 days with a washout period of 3 weeks
enforced between serial EEG recordings).
Dosage: S-adenosyl-L-methionine (800 mg).
Implementation: Evaluation of the influence of SAMe, L-
methionine (SAMe), and ademetionine on brain function and behav-
ior utilizing EEG mapping and psychometry analyses. S-adenosyl-
L-methionine is administered with an enforced washout period of 3
weeks in between serial analyses. EEG recordings and psychometric
analyses are performed 0, 1, 3, and 6 hours after drug administration
on days 1 and 7.

Human Model: Cases of normal healthy elderly volunteers (n
= 10; n = 5 males; n = 5 females; age = 5671 years, mean: = 59.3
years). Investigation design: Double blind, placebo-controlled
crossover study.
Interpretation and Analysis: Multivariate analysis based on
MANOVA/Hotelling T, tests demonstrate significant central effects
of SAMe compared to placebo after acute, subacute, and superim-
posed drug administration. Acute SAMe induces changes that are
characterized by a decrease in total power, an increase in absolute
delta, and a decrease in absolute alpha power; an increase in relative
delta and a decrease in relative alpha power; and a slowing of the
delta/theta centroid as well as a slowing of the centroid of the total
power spectrum. These changes are typical of classical antidepres-
sants of the thymoleptic type (e.g. imipramine and amitriptyline).
After 1 week of daily infusions there are marked increases in total
power, reminiscent of nootropic drug effects. One additional super-
imposed dosage mitigates these effects in the direction of an antide-
pressant profile, with the inter-drug differences waning in the 6™
hour. Pharmaco-EEG findings therefore reveal that both inhibitory
and excitatory drug effects underlying the antidepressant properties
of SAMe are well documented in clinical trials. Psychometric tests
concerning noopsychic and thymopsychic measures as well as criti-
cal flicker frequency generally demonstrate a lack of differences
between SAMe and placebo in a manner that reflects the good toler-
ability of the agent in elderly subjects.

Pharmacodynamic studies on the central mode of action of S-adenosyl-L-
methionine (SAMe) infusions in elderly subjects, utilizing EEG mapping and
psychometry. Saletu B, Anderer P, Linzmayer L, Semlitsch HV, Lindeck-



Pozza E, Assandri A, di Padova C, Saletu-Zyhlarz GM. Ther Drug Monit
2002 Aug; 24 (4), pp. 532-6.

Behavior: Depression
L-dopa/TRH/[Propanolol]

Cellular/Molecular Mechanism of Action: Induces growth
hormone (GH) release/secretion

Background Information: Suboptimal concentrations of GH
can be found in serum following the administration of L-dopa/
propanolol.

Application: Detection of deficiencies in systemic GH produc-
tion.

Implementation: Evaluation of endocrine factors in conditions
of mental depression using the dexamethasone suppression test
(DST), thyroid-stimulating hormone test (TSH), prolactin (PRL)
responses to thyrotropin-releasing hormone (TRH), in addition to
GH responses to L-dopa challenge. Provocative tests are performed
before commencement of antidepressant treatment and after recogni-
tion of a clinical response to determine if; (i) a functional relation-
ship exists between the hypothalamic-pituitary-adrenal (HPA) axis,
the hypothalamic-pituitary-thyroid (HPT) axis, and the dopaminer-
gic system in disorders of depression, in addition to determining if
(ii) alterations in these hormonal functions occur during treatment
with antidepressants.

Human Model: Cases of mental depression (n = 19).
Interpretation and Analysis: Thyroid-stimulating hormone
responses to TRH show a tendency to increase from pre- to post-
treatment periods, while TRH-induced PRL and L-dopa-induced GH
responses do not change during treatment for depression in cases
that noticeably respond favorably to intervention. Females show sig-
nificantly higher TSH and PRL responses to TRH compared to
males. No interconnections can be appreciated between responses in
DST, TRH stimulation test, and L-dopa-induced GH test. Therefore,
there appears to be no support that an interrelationship exists
between the abnormalities in the HPT and HPA axes and central
dopaminergic activity in depression.

Effects of antidepressant treatment on thyrotropin-releasing hormone stimu-
lation, growth hormone response to L-dopa, and dexamethasone suppression
tests in major depressive cases. Esel E, Kartalci S, Tutus A, Turan T, Sofuoglu
S. Prog Neuropsychopharmacol Biol Psychiatry 2004 Mar; 28 (2), pp. 303-9.

Behavior Modification
Naloxone

Cellular/Molecular Mechanism of Action: Competitively
blocks binding of endogenous endorphins to membrane-associated
opiod receptor sites.

Diagnostic Application: Management of endorphin-reinforced
“self-reward” behavior. Examples include horses displaying “crib-
bing,” “weaving,” and self-mutilation behaviors (e.g. equine
species); and excessive licking, tail-chasing, and biting/chewing in
dogs and cats.

Route of Administration and Dosage: Parenteral/systemic
ideally administered using a slow “timed-release” type of delivery
modality. An example of such a preparation is an impregnated resin
pellet.

Interpretation and Analysis: A positive response is detected
by a reversal or prevention of behavior abnormalities (pharmacolog-
ical behavior modification). Naloxone has a relatively short duration
of action which complicates the practicality of administering the
agent for the purpose of behavior modification. Slow timed-release
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forms appear to be one alternative approach to avoiding the disad-
vantages of short duration of action.

Behavior: Neuropsychological Testing/Cholinergic
Receptor Complexes: Muscarinic
Scopolamine/Physostigmine/Methylphenidate

Cellular/Molecular Mechanism of Action: Scopolamine
binds to muscarinic cholinergic receptor complexes in a manner that
competitively inhibits the biological activity of acetylcholine as a
neurotransmitter, thereby functioning as anticholinergic/parasympa-
tholytic agent. Physostigmine binds to and inactivates the biochemi-
cal activity of acetylcholine esterase in a manner that promotes ac-
cumulation of acetylchline neurotransmitter (anticholinesterase
properties). Methylphenidate, like other amphetamines, promotes
the release of biogenic amines from storage granules located within
presynaptic membranes.

Physiological Mechanism of Action: Scopolamine (anti-
cholinergic), scopolamine plus physostigmine (anticholinesterase),
scopolamine plus methylphenidate (adrenergic: mild CNS stimulant
and produces convulsions at higher dosage levels). Methylphenidate
promotes locomotor stimulation that is generally associated with
norepinephrine release in contrast to the release of dopamine from
dopaminergic nerve terminals within the CNS (e.g., neostiatum).
Higher doses of methylphenidate are believed to cause the release of
5-hydroxytryptamine (5-HT or serotonin) from tryptaminergic
presynaptic membranes (mesolimbic system) in a manner that pro-
motes psychotic behavioral changes.

Application: Neurophysiological testing utilized in combination
with evoked potential analyses to evaluate various types of dysfunc-
tion, including age-related cognitive impairment and Alzheimer’s
like dementia conditions (DAL) that are linked to alterations in the
cholinergic system.

Examples of Clinical Implementation: Scopolamine pro-
longs the P3 latency and reduces the spectral power of long latency
evoked potentials without significantly altering earlier components.
Physostigmine partially reverses these effects, but methylphenidate
does not. Motor speed is slowed by scopolamine but not by sco-
polamine/methylphenidate combinations. The cholinergic systems
appear to be involved in the generation or modulation of the P3
potential, possibly secondary to the cholinergic role in selective
attention. Similar techniques and pharmaceutical agents may be use-
ful as in vivo probes of central cholinergic function and thus as
research and diagnostic aids in aging and disease.

In vivo probe of central cholinergic systems. Meador KJ, Loring DW, Lee GP,
Taylor HS, Hughes DR, Feldman DS. J Gerontol 1988 Nov; 43 (6), pp.
M158-62.

Norepinephrine, Epinephrine, and the Sympathomimetic Amines. Weiner
N (Chapter 8: pp. 145-80). Goodman and Gilman’s The Pharmacological
Basis of Therapeutics, eds Gilman AG, Goodman LS, Rall TW, Murad F.
MacMillan Publishing Company, New York (7th edition: copyright 1985).

Behavior/Opioid Abstinence (Acute Morphine
Withdrawl)
Naloxone/Nalorphine

Cellular/Molecular Mechanism of Action: Morphine, nalox-
one, and nalorphine bind to opioid receptor complexes residing with-
in the central nervous system.

Implementation: Evaluation of the effects of morphine, nalox-
one, and nalorphine on “responses” when in vivo models are main-
tained under variable-interval schedules for food presentation.
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Observations are assessed before and after successive periods of
daily morphine maintenance (15 mg/kg/day SC). Withdrawal from
morphine dependence is performed gradually following 2 initial
maintenance periods and abruptly following a third period. Sched-
ule-controlled “response” is disrupted when morphine maintenance
is abruptly discontinued but not when the maintenance dosage is
gradually reduced to zero.
Animal Model: Primate (rhesus monkeys).

Interpretation and Analysis: Tolerance to the acute effects of
morphine (IV) on “responses” develop during morphine mainte-
nance and dissipate when daily injections are discontinued. Effects
of naloxone and nalorphine following each period of morphine
maintenance are generally similar to their effects in initial periods of
evaluation. Such observations indicate that tolerance-producing reg-
imens of repeated daily injections with morphine do not necessarily
produce enduring changes in the effects of opiate antagonists on
schedule-controlled behavior. Additionally, gradual withdrawal from
morphine maintenance can minimize the behavioral disruptions that
attend abrupt abstinence.

Behavioral effects of naloxone and nalorphine preceding and following mor-
phine maintenance in the rhesus monkey. Bergman J, Schuster CR. Psy-
chopharmacology (Berl)] 1985; 86 (3), pp. 324-7.

Behavior/Panic Disorder/Cerebral Cortex Function
Sodium Lactate/Carbon Dioxide/Caffeine/Yohimbine/
Isoprenaline/Cholecystokinin

Background Information: The pharmacological challenge
strategy involves giving a provoking agent according to controlled
protocols to clarify some aspect of behavioral or biological function.
Implementation: Various agents such as sodium lactate, carbon
dioxide, caffeine, yohimbine, isoprenaline, and cholecystokinin have
been used as agents to provoke panic disorder in healthy volunteers
as well as in panic cases.

Interpretation and Analysis: Results obtained in this field of
study have been updated, with emphasis on the potential mecha-
nisms of action. It has been concluded that there may be a final path-
way between carbon dioxide, sodium lactate, and cholecystokinin
inducing panic attacks.

Provocative agents in panic disorder. Bourin M, Malinge M, Guitton B. Ther-
apie 1995 Jul-Aug; 50 (4), pp. 301-6.

Behavior/Pharmaco-Electroencephalogram

Mapping
Diazepam

Cellular/Molecular Mechanism of Action: Diazepam inhibits
central nervous system gamma aminobutyrate (GABA), which func-
tions as a neurotransmitter. Suppression is associated with the known
ability of diazepam to bind to membrane-associated GABA receptor
complexes.

Application: Diazepam (central nervous system depressant).
Dosage: Diazepam (10 mg).

Implementation: Evaluate the influence of diazepam on brain
(cerebral cortex) function applying EET topographical mapping
techniques (recordings applied from 4 different reference sites). Four
referential derivations including ipsilateral earlobe (A1A2), average
reference (AV), source derivation (SD), and balanced noncephalic
electrode (BNE) can be used. One-minute vigilance-controlled
EEGs before drug administration and 2 hours after drug administra-

tion are analyzed using Fourier transformation followed by the cal-
culation of absolute power and relative power for 4 frequency bands.

Human Model: Cases of normal healthy volunteers (n = 10
right-handed males; 21-25 years of age). Double blind crossover
trials with a single oral dose of 10 mg diazepam or placebo control
administered in random sequence at intervals of 1 week.
Interpretation and Analysis: Diazepam causes a widespread
increase of beta-frequency relative power, and a widespread decrease
of theta-frequency absolute power when A1A2 and SD are taken as
references. From the comparison of different reference electrodes,
the selection of the reference and of spectral parameters (absolute
power or relative power) play an important role in pharmaco-EEG
studies.

Pharmaco-EEG mapping of diazepam effects using different references and
absolute and relative power. Yamadera H, Kato M, Ueno T, Tsukahara Y,
Okuma T. Pharmacopsychiatry 1993 Nov; 26 (6), pp. 254-8.

Behavior/Psychotropic (Central) Side Effects
Pharmaco-Electroencephalogram/Loderix (Setastine)/
Terfenadine (Teldane)/Chloropyramine HCl (Suprastin)

Physiological Mechanism of Action: The pharmaceutical
agents, terfenadine, Teldane, chloropyramine HCI, and Suprastin
possess sedative effects of very different degrees.

Application: Manipulation of cerebral cortex function and evalu-
ation of pharmaceutical intervention in neurological disorders.
Implementation: Evaluate the influence of Loderix (setastine),
in addition to a “vehicle” and with 2 reference pharmaceuticals (ter-
fenadine, Teldane; and chloropyramine HCI, Suprastin) on cerebral
cortex function applying EEG analysis as a means of monitoring
efficacy.

Human Model: Cases of normal healthy male volunteers (n
= 10) in a double blind, placebo-controlled, crossover arrangement.
Interpretation and Analysis: The different effects of the drugs
on the central nervous system (CNS) are precisely indicated by the
posterior alpha/theta ratio in the EEG. This marker parameter is
affected by Loderix in the same direction as by Teldane and in the
opposite direction relative to Suprastin. In addition, Loderix increases
the beta frequency range in the median areas of both hemispheres;
moreover, it increases the total EEG power. The latter changes raise
the question about the possibility that Loderix has an “own” action on
EEG analyses. (The observed “own” effect could not even be brought
into connection with a decrease of the vigilance level). Observations
made to date strengthen the view that the action of Loderix on the
EEG is similar to that induced by Teldane, a drug very favorable with
respect to sedative side effects. Moreover, the drug does not affect the
EEG power spectra in a direction that corresponded to a sedative
action. The spectral parameters in the “pharmaco” EEG recordings
seem to be useful in the objective definition of the central (psy-
chotropic) side effects of drugs.

Assessing the sedative (adverse) effects of antiallergic drugs by quantitative
electroencephalography: Effects of setastine, a non-sedating antihistaminic
drug. Rajna P, Veres J. Ther Hung 1994; 42 (1), pp. 14-20.

Behavior: Schizophrenia/Pellegra
Niacin Challenge

Application: Clinical and biochemical evidence for alterations in
phospholipid function in schizophrenia conditions. Used in cases
with frank psychoses that may also simultaneously be suffering from
pellagra-associated neurological abnormalities.



Dosage: Relatively large doses of niacin are required to induce
neurologic signs, particularly when the psychosis is associated with
conditions of encephalopathy.

Interpretation and Analysis: In human cases of pellagra with
neurological signs of confusion, inappetence, nausea, and vomiting,
the administration of nicotinic acid results in an abalation of signs
within a period of 12 hours (approximately). Pellegra may be accom-
panied by conditions of peripheral neuritis precipitated by a thiamine
deficiency.

The niacin challenge test: Clinical manifestation of altered transmembrane
signal transduction in schizophrenia? Hudson CJ, Lin A, Cogan S, Cashman
F, Warsh JJ. Biol Psychiatry 1997 Mar 1; 41 (5), pp. 507-13.

Behavior: Schizophrenia
Niacin (Skin Flush Response)/Niacin Challenge

Cellular/Molecular Mechanism of Action: Niacin selective-
ly mediates the release of vasodilatory prostaglandins in the skin,
creating a “flush” type response or sensation.

Application: Detection and characterization of schizophrenia
conditions.

Implementation: Detection and characterization of schizophre-
nia cases.

Interpretation and Analysis: A normal skin flush response to
niacin is attenuated in many individuals with schizophrenia (SCZ).
Such findings suggest abnormal prostaglandin signaling in SCZ.
Since prostaglandins are derived from arachidonic acid (AA), the
finding of an abnormal skin flush response is consistent with bio-
chemical data suggesting relative depletion of AA, and other essen-
tial fatty acids (EFAs), in a substantial portion of people with SCZ.
Reports have described the mechanism of the skin flush response to
niacin and why it is abnormal in SCZ conditions. The disease state is
not related to psychotropic medications, and it may be a marker of
EFA deficiency, which has been documented to be present in many
SCZ cases.

Relationship between the niacin skin flush response and essential fatty acids
in schizophrenia. Messamore E. Prostaglandins Leukot Essent Fatty Acids
2003 Dec; 69 (6), pp. 413-9.

Behavior: Schizophrenia (Familial Clusters of
Disease)
Lithium

Background Information: Selecting a drug according to the
treatment response in a blood relative has been widely accepted
advice in the management of mood disorders. However, this recom-
mendation has not been adequately substantiated in the literature.
Minimal information is known about to what extent the response to
long-term lithium treatment is a familial trait.
Implementation: Evalation and comparison of the response to
long-term lithium treatment in bipolar blood relatives of bipolar
lithium responders and bipolar controls. Validation of a diagnosis for
bipolar disorder can be determined using the Schedule for Affective
Disorders and Schizophrenia-Lifetime Version (SADS-L) and Re-
search Diagnostic Criteria (RDC). Lithium response is evaluated on
a rating scale reflecting the quality and quantity of available data.
Human Model: Relatives of cases with bipolar disorders (n =
24) identified in families of 106 cases with lithium-response disor-
der; and lithium-treated bipolar cases serving as a comparison con-
trol group (e.g. n = 40).
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Interpretation and Analysis: Relatives with bipolar disorder
identified in families with lithium-responsive bipolar disorder, com-
pared to lithium-treated bipolar cases (comparison controls) reveals
a prevalence of unequivocal response among the relatives of 67%,
compared to a response rate of 35% in the comparison group (chi’ =
6.04, df = 1, p = 0.014). The highly significant difference in
observed response between relatives and reference control groups
supports the perspective that lithium prophylaxis clusters exist with-
in families and the general population.

Is response to prophylactic lithium a familial trait? Grof P, Duffy A, Cavaz-
zoni P, Grof E, Garnham J, MacDougall M, O’Donovan C, Alda M. J Clin
Psychiatry 2002 Oct; 63 (10), pp. 942-7.

Behavior: Tourette’s Syndrome (Tic Disorders)
Amphetamine/Dextroamphetamine/Haloperidol/
Levamfetamine Succinate/Apomorphine/Piribedil/
[""C]-Raclopride

Cellular/Molecular Mechanism of Action: Apomorphine is
postulated to interact with presynaptic dopamine receptors. Dopa-
mine functions as a inhibitory neurotransmitter.

Background Information: Dopaminergic abnormalities in
frontal-subcortical circuits have been hypothesized as the underlying
pathophysiologic mechanism in Tourette’s syndrome.

Application: Administration is based on the hypothesis that
presynaptic dopamine/catecholamine release from anatomical struc-
tures like the striatum is abnormal in adults with Tourette’s syn-
drome.

Implementation: Evaluation of Tourette’s syndrome conditions
utilizing 2 positron emission tomography (PET) scans with high spe-
cific activity [''C]-raclopride. The Ist scan is performed after an
intravenous injection of saline, while the 2nd scan is made after
intravenous amphetamine injection. Relative dopamine release is
estimated as the percentage difference in binding potential between
the post-saline and post-amphetamine scans.

Interpretation and Analysis:

Nuclear Medicine Studies: Binding potential determined
after initial [''C]-raclopride scans do not significantly differ be-
tween Tourette’s syndrome cases and control subjects. After am-
phetamine challenge, the mean value of intrasynaptic dopamine in
the putamen (as determined by true equilibrium bolus estimation)
increases by 21% in subjects with Tourette’s syndrome but does not
change in control subjects; the mean values increase by 16.9% and
decrease by 1.8%, respectively (constrained method of measure-
ment). Dopamine release in the caudate region is not significantly
different with Tourette’s syndrome and comparison subjects. Greater
putamen dopamine release is seen in adults with Tourette’s syn-
drome than in comparison subjects after a pharmacologic challenge
with amphetamine. These results suggest that the underlying patho-
biology in Tourette’s syndrome is a phasic dy