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Preface

The newcomer to the field of clinical chemistry is faced with the
daunting prospect of understanding the ever increasing aspects of the
subject: new techniques, tests, terminology, methods of diagnosing
diseases and other advances which relate to clinical chemistry. The
aim of this book is to provide basic information regarding all
branches of the subject which the trainee will need to understand. The
book should also provide a basis for answering many of the
examination questions of clinical chemistry. It is therefore hoped
that this book will prove useful to any person starting a career in
clinical chemistry, be that person a laboratory scientific officer,
graduate or trainee pathologist. Wherever possible, suggestions for
further reading are given. Many subjects are so broad however that
the reader is referred to the general list of analytical and clinical
textbooks supplied at the end of the book.

My grateful thanks are extended to the three ladies who typed this

manuscript: Christine Cliffe, Margaret Donnelly and Judith Hardy. I

would like to thank Dr Brian Wisdom of Queens University, Belfast

for his suggestions on the entry “Enzyme-immunoassay”. Finally my

thanks go to Mr Martin Lister of MTP Press for his help and
encouragement in this venture.

W. H.

ASHTON-UNDER-LYNE

APRIL 1980
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ABETALIPOPROTEINAEMIA

A rare hereditary disorder in which there is a complete absence
of fS-lipoprotein, pre-f-lipoprotein and chylomicrons. It
presents clinically as ataxia and malabsorption with
steatorrhoea. Thorny shaped erythrocytes (acanthocytes) are a
feature of the disease.

Further reading. Herbert, P.N., Gotto, A.M. and Fredrickson,
D.S. (1978). Familial lipoprotein deficiency (abetalipo-
proteinaemia, hypobetalipoproteinaemia, and Tangier dis-
ease). In Stanbury, J.B., Wyngaarden, J.B. and
Fredrickson, D.S. (eds.) The Metabolic Basis of Inherited
Disease, 4th Edn., p. 544. (New York: McGraw-Hill)

ABSORBANCE (OPTICAL DENSITY, EXTINCTION)

The amount of light absorbed by a solution. Beer’s law states
that the amount of light absorbed by a solution is proportional
to its concentration. Lambert’s law states that the amount of
light absorbed by a solution is proportional to the length of the
light path. A combination of these two laws gives the expression

A = Kct
where A is the absorbance (i.e. the amount of light absorbed),
K isaconstant,
¢ is the concentration of the absorbing species and

t is the length of the light path

Since ¢, the length of the light path, is normally kept constant, it
follows that the absorbance is proportional to the concentration
of the substance being measured.

Further reading. General list of analytical textbooks
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ACATALASAEMIA

ACATALASAEMIA

A rare inborn error in which there is a deficiency of catalase in
red blood cells and tissues. It is transmitted as an autosomal
recessive. Patients with the condition can present with ulcerating
lesions of the mouth. This is thought to be due to the harmful
effects of hydrogen peroxide (produced by bacteria within the
oral cavity) which would otherwise be broken down by the
catalase.

Further reading: Aebi, H.E. and Wyss, S.R. (1978).
Acatalasaemia. In Stanbury, J.B., Wyngaarden, J.B. and
Fredrickson, D.S. (eds.) The Metabolic Basis of Inherited
Disease 4th Edn. p. 1792 (New York: McGraw-Hill).

ACCURACY

The extent to which measurements of a substance differ from its
true value.

See also: precision

ACETAZOLAMIDE

A diuretic drug sometimes used in the treatment of glaucoma. It
has to be used with care because of the danger of acidosis. This is
because it inhibits carbonic anhydrase. In the kidney this results
in impaired bicarbonate reabsorption and an associated loss of
sodium in the urine.

ACETEST

Reagents supplied in tablet form which enable the semiquan-
titative estimation of ketones in urine. It is based on Rothera’s
test. Acetest is manufactured by Ames.

See also: Rothera’s test

Further reading: Kutter, D. (1977). Rapid Clinical Diagnostic
Tests. (Munich-Vienna-Baltimore:  Urban  and
Schwarzenburg).

ACETOACETATE

A compound which results from the breakdown of fatty acids.
When carbohydrate metabolism is decreased, as in diabetes
mellitus or starvation, the body can derive energy from
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triglyceride breakdown. The free fatty acids released from the
breakdown of the triglycerides are metabolized to acetyl CoA,
the excess acetyl CoA molecules condensing to form
acetoacetate. Some acetoacetate is converted to acetone by
spontaneous decarboxylation and the remainder is converted
enzymically to S-hydroxybutyrate. Acetoacetate, acetone and -
hydroxybutyrate are collectively known as ketone bodies.

See also: ketone bodies

ACETONE

A ketone body formed by the spontaneous decarboxylation of
acetoacetate.

See also: ketone bodies

ACETYLCHOLINESTERASE
See: cholinesterase

ACHLORHYDRIA

The absence of gastric hydrochloric acid secretion even after
administration of stimulants such as pentagastrin or histamine.
Achlorhydria can occur in gastritis, gastric carcinoma, per-
nicious anaemia and hypothyroidism.

ACID-BASE BALANCE

During the course of metabolism, hydrogen ions are continually
being produced but these normally do not alter the pH of the
blood because of a combination of several homeostatic
mechanisms. These can be briefly summarized as:

(@) The blood buffering systems (although this is only a
temporary measure).

(b) The elimination of CO, from the lungs.
(c) The renal excretion of hydrogen ions.

When these homeostatic mechanisms are impaired, acid-base
disturbances result.

See also: acidosis, alkalosis (disturbances of acid-base
balance), bicarbonate, carbon dioxide, (parameters used in
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the assessment of acid-base balance), pH (for the
relationship between pH, bicarbonate and carbon dioxide)

Further reading: General list of clinical textbooks

a,-ACID GLYCOPROTEIN (OROSOMUCOID,
SEROMUCOID)

An a,-globulin containing about 40% carbohydrate and having
a molecular weight of 44 000.1t is one of the acute phase proteins
and increased blood levels are found in inflammatory conditions
such as rheumatoid arthritis. Its exact role in the normal
physiology of the body has not yet been elucidated, although it
has been shown to bind certain drugs.

See also: acute phase proteins

Further reading. Editorial (1979). Drug binding to «;-acid
glycoprotein—Clinically important? Lancet, 1, 368

ACIDOSIS

A condition in which there is loss of base or accumulation of
acid capable of causing a fall in pH to below normal limits (an
uncompensated acidosis). If this has been corrected by compen-
satory mechanisms (see below) it is known as a compensated
acidosis. Acidosis can be classified into either a primary
metabolic or respiratory disorder, although occasionally mixed
types may occur.

Metabolic or non-respiratory acidosis
This can be caused by one or more of the following processes:

(1) Excessive production of acids, e.g. as in diabetic keto-
acidosis.

(2) Reduced excretion of acids, e.g. renal failure.

(3) Increased loss of bicarbonate base, e.g. duodenal loss in
diarrhoea.

Respiratory acidosis

This is caused by diseases in which there is decreased elimination
of CO, through the lungs, e.g. bronchopneumonia, pulmonary
emphysema.
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In both types of acidosis, the pH can be restored to normal by
the following compensatory mechanisms:

(1) The blood buffer systems.

(2) Increased respiration by stimulation of the respiratory
centre, caused by the low pH. This results in more CO,
being eliminated.

(3) Increased excretion of acids (providing renal function is
normal).

See also: acid-base balance, alkalosis, pH

Further reading. Davenport, H.W. (1974). The ABC of
Acid-Base Chemistry. 6th Edn., (Chicago: The University
of Chicago Press)

Siggaard-Anderson, O. (1974). The Acid-Base Status of
the Blood, 4th Edn. (Copenhagen: Munksgaard)

ACID PHOSPHATASES

A group of enzymes which hydrolyse phosphate esters at
optimal pHs of below 7.0. Acid phosphatases are found in
erythrocytes, platelets, liver, spleen, bone and, in males, in the
prostate gland. Prostatic acid phosphatase constitutes about
one third of the total acid phosphatase activity present in serum
from normal male subjects.

Increases in serum prostatic acid phosphatase

(1) In prostatic carcinomas, especially with metastases.

(2) Slight increases can occur after rectal examination, passing
a catheter, or in constipation.

Increases in serum non-prostatic acid phosphatase

(1) Carcinomatous bone deposits.

(2) Paget’s disease of bone.

(3) Gaucher’s and Niemann-Pick diseases.

(4) In some haematological disorders, e.g. myelocytic
leukaemia.

(5) Hyperparathyroidism.
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Measurement

Most of the substrates that have been used in measuring alkaline
phosphatase activity have also been used to measure acid
phosphatase, e.g. p-nitrophenylphosphate, phenylphosphate
and a-naphthyl phosphate. In most cases of acid phosphatase
estimation, it is the level of the prostatic phosphatase which
needs to be known, and so specific inhibitors are included in the
reaction mixtures. The prostatic isoenzyme is strongly inhibited
by tartrate and so in many methods it is tartrate-labile acid
phosphatase which is measured. On the other hand, the red cell
enzyme which contributes significantly to the total serum act-
ivity is inhibited by formaldehyde and cupric ions. Many
laboratories therefore measure formaldehyde-stable acid
phosphatase as an indication of prostatic acid phosphatase.

Further reading: Bodansky, O. (1972). Acid phosphatase. In
Bodansky, O. and Latner, A.L. (eds.) Advances in Clinical
Chemistry. Vol. 15. p. 44. (New York: Academic Press Inc.)

ACROMEGALY

The condition which results from excess growth hormone
secretion in adults, the usual cause being a pituitary adenoma.
The condition is characterized by increases in bulk of the bones
and soft tissues, especially of the jaw, hands and feet. Because
growth hormone is involved in glucose homeostasis, impaired
glucose tolerance can occur. Acromegaly can be diagnosed
biochemically by:

(1) The finding of an abnormally high basal growth hormone
level.

(2) The failure of growth hormone levels to fall during the
course of a glucose tolerance test.

See also: human growth hormone

Further reading: Tunbridge, W.M.G. (1976). Acromegaly. Br.
J. Hosp. Med., 16,612

ACTH (ADRENOCORTICOTROPHIC HORMONE
CORTICOTROPHIN)

A polypeptide hormone, secreted by the anterior pituitary, and
comprised of 39 amino acids of which only the N-terminal 24 are
needed for biological activity. ACTH stimulates glucocorticoid
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production by the adrenal cortex and also has a slight effect on
adrenal androgen production, as well as a slight melanocyte
stimulating activity. The secretion of ACTH is controlled by the
hypothalamic releasing hormone, CRF (corticotrophin releas-
ing factor). ACTH levels exhibit a circadian rhythm, being
generally highest in the morning and lowest around midnight.

The N-terminal 24 amino acids which are essential for
biological activity have been synthesized (Synacthen) and are
used extensively in diagnosis and treatment.

Increases in serum levels

Increases are found in pituitary-dependent Cushing’s syndrome,
Nelson’s syndrome, Addison’s disease, congenital adrenal
hyperplasia and ectopic ACTH production from a tumour.

Decreases in serum levels

Decreases are found in patients on steroid therapy, in panhypo-
pituitarism and in cases of adrenal carcinoma.

Measurement
Although ACTH can be measured by bioassay (e.g. by
cytochemical hormone assay) it is usually measured by radio-
immunoassay.

Further reading: Hali, R., Anderson, J., Smart, G.A. and
Besser, M. (1974). Fundamentals of Clinical Endocrinology
2nd Edn. (London: Pitman Medical)

Editorial (1977). ACTH secreting lung tumours. Br.
Med. J., 1, 1047

ACTUAL BICARBONATE

A method of expressing whole blood bicarbonate. It can be
caiculated from the Henderson-Hasselbalch equation:

H o bicarbonate concentration
PCO,
if the pH and the PCO, have been measured.

p

See also: bicarbonate

ACUTE INTERMITTENT PORPHYRIA (SWEDISH GENETIC
PORPHYRIA, PYROLLOPORPHYRIA)

An inherited type of hepatic porphyria which is transmitted by a
dominant gene. It is probably the most commonly occurring of
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ACUTE PHASE PROTEINS

the porphyrias in the UK. The disease is characterized by
symptomless periods, punctuated by periods of abdominal pain
which may be accompanied by neurological signs. These acute
attacks can be precipitated by certain drugs especially bar-
biturates and sulphonamides. It can be diagnosed biochemically
by the detection of increased amounts of §-aminolaevulinic acid
and porphobilinogen in the urine during acute attacks.

Further reading: Meyer, U.A. and Schmid, R. (1978). The por-
phyrias. In Stanbury, J.B. Wyngaarden, J.B., and
Fredrickson, D.S. (eds.) The Metabolic Basis of Inherited
Disease. 4th Edn., p. 1166. (New York: McGraw-Hill)

ACUTE PHASE PROTEINS

Proteins, mainly «; and «, globulins, which occur in elevated
amounts in the blood in conditions in which there is active tissue
damage (the acute phase reaction). Among these proteins are ;-
antitrypsin, «;-acid glycoprotein and haptoglobin. y-globulin
levels may also be increased, and other changes include falls in
albumin and prealbumin levels. A very sensitive indicator of the
acute phase reaction is C-reactive protein, the levels of which can
be increased several hundred fold in the serum.

Further reading: General list of clinical textbooks

ACUTE RENAL FAILURE

See: renal failure

ADDISON’S DISEASE

Primary adrenocortical hypofunction caused by destruction of
the adrenal cortex, for instance by an autoimmune process or by
tuberculosis.

Features

Destruction of the adrenal cortex results in a deficiency of gluco-
corticoids, mineralocorticoids and androgens, and the features
of the disease are a reflection of this. Mineralocorticoid deficien-
cy leads to sodium deficiency, which in turn leads to dehydration
and this can present as an Addisonian crisis. The deficiency of
glucocorticoids leads to hypoglycaemia and pronounced insulin
sensitivity with a flat glucose tolerance curve. Because of the
glucocorticoid deficiency, the pituitary produces maximal
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amounts of ACTH and MSH which may lead to skin pigmenta-
tion.

Diagnosis

Low plasma cortisol levels and high levels of ACTH are found.
One of the essential findings is that the patient does not respond
in the Synacthen stimulation test. Other biochemical findings
are hypoglycaemia and hyponatraemia.

Further reading: General list of clinical textbooks.

ADENYLATE KINASE (MYOKINASE)

An enzyme which catalyses the reaction

ATP + AMP 2ADP

Because it occurs mainly in skeletal muscle, raised serum levels
can occur in muscle disease.

Further reading: Wilkinson, J.H. (1976). The Principles and
Practice of Diagnostic Enzymology. (London: Edward
Arnold)

ADRENAL GLAND

An endocrine gland situated above each kidney. Anatomically it
can be divided into the medulla, which is part of the sympathetic
nervous system, and the cortex. The cortex can be sub-divided
into the outer layer, the zona glomerulosa which secretes aldo-
sterone, and the zona fasciculata and zona reticularis which
secrete most of the adrenocortical hormones. Adrenaline is
secreted by the adrenal medulla.

ADRENALINE (EPINEPHRINE)

A hormone secreted by the adrenal medulla. It stimulates the
sympathetic nervous system causing bronchodilatation, vaso-
constriction and increased heart rate, which together raise the
blood pressure. Adrenaline also increases glycogenolysis and
lipolysis and this can increase blood levels of glucose and fatty
acids.

Increased levels of adrenaline are secreted in tumours of the
sympathetic nervous system (phaeochromocytoma and neuro-
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ADRENOGENITAL SYNDROME

OH
OH

CHOH

|
CH,

|
NH

|
CH,

blastoma). It is usually measured in urine as its metabolite, 4-
hydroxy-3-methoxymandelic acid (HMMA, VMA).

See also: catecholamines

ADRENOGENITAL SYNDROME

The syndrome associated with congenital adrenal hyper-
plasia. In this condition there is a deficiency of one of the
enzymes involved in cortisol biosynthesis. ACTH levels are
therefore maximal because of the lack of feedback controlin the
absence of cortisol. ACTH stimulates the overproduction of
androgens. This can lead to sexual precosity in the male infant
and masculinization in the female.

See also: congenital adrenal hyperplasia

ADSORPTION CHROMATOGRAPHY

A form of chromatography by which a mixture of components
can be resolved by their differential ability to adsorb onto the
surface of a solid stationary phase such as silica or alumina. The
stationary phase may be packed in a column or coated on a thin
layer plate. The mobile phase can either be liquid or gas.
Although the apparatus used in adsorption chromatography
can be the same as that used in partition chromatography, it
should be remembered that there is an important theoretical
difference between the two techniques.

Further reading: General list of analytical textbooks
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AETIOCHOLANOLONE

One of the end products of aridrogen metabolism. It is excreted
in the urine and can be measured as part of the 17-oxosteroid
group of compounds.

See also: 17-oxosteroids

AFFINITY CHROMATOGRAPHY

A form of chromatography in which molecules can be isolated
according to their biological functions rather than on their
physical and chemical properties which are the basis of other
forms of chromatography. In affinity chromatography a bind-
ing molecule is covalently coupled to an insoluble matrix. The
binding molecule is then able to absorb selectively from
solutions the substance to be isolated. By changing the con-
ditions, e.g. pH, the binding can be loosened and the substance
can be eluted. Among the biologically specific reactions which
can be utilized in this technique are antibody-antigen, and
enzyme-inhibitor interactions.

Further reading: Cuatrecasas, P. and Anfinsen, C.B. (1971).
Affinity chromatography. Annu. Rev. Biochem., 40, 259

AFIBRINOGENAEMIA

Congenital afibrinogenaemia is a rare hereditary disease in
which there is little or no detectable fibrinogen in the blood.
Patients with this condition have a bleeding tendency. It is
inherited as an autosomal recessive.

Further reading: Ratnoff, O.D. (1978). Hereditary disorders of
haemostasis. In Stanbury, J.B., Wyngaarden, J.B. and
Fredrickson, D.S. (eds.) The Metabolic Basis of Inherited
Disease, 4th Edn. p. 1755. (New York: McGraw-Hill)

AGAMMAGLOBULINAEMIA

A rare condition in which there is almost a complete absence of
immunoglobulins in the serum, although cellular immunity
appears to be normal. One syndrome, Bruton’s disease, is a sex--
linked recessive condition which affects male children with an
incidence of 1 in 100 000 male births. An even rarer non-sex-
linked agammaglobulinaemia has been described. Patients with
. agammaglobulinaemia suffer from repeated infections and
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require replacement therapy with human immunoglobulins.
Defective synthesis of only one or two of the major im-

munoglobulin classes can occur, the most frequent being IgA

deficiency. These are known as dysgammaglobulinaemias.

Further reading: Rosen, F.S. and Merler, E. (1978). Genetic
defects in gamma globulin synthesis. In Stanbury, J.B.,
Wyngaarden, J.B. and Fredrickson, D.S. (eds.) The
Metabolic Basis of Inherited Disease, 4th Edn., p. 1726.
(New York: McGraw-Hill)

AGAR

A polysaccharide obtained from certain seaweeds which forms a
gel when water is added. It is composed of at least two fractions,
agaropectin and agarose. Agar gels are used in many im-
munochemical precipitation reactions and can also be used as an
electrophoretic medium, although agarose is preferred for this
particular purpose.

See also: agarose

AGAROSE

A purified fraction of agar which has had agaropectin removed.
Agaropectin contains sulphate and carboxylic acid groups
which cause considerable electroendosmosis when agar gel is
used as an electrophoretic medium. Agarose itself is neutral
and therefore electroendosmosis is considerably reduced, mak-
ing it an excellent electrophoretic medium.

See also: agar

AGGLUTINATION REACTIONS

Reactions which can be used for the detection of antigens
located on the surface of cells (e.g. erythrocytes) or particles (e.g.
latex particles). In the presence of antibody, agglutination
occurs because of the cross-linking of the cells or particles by the
antibody.

See also: haemagglutination techniques, tanned red cell techni-
ques
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SB-ALANINAEMIA

An inborn error of metabolism in which there is a deficiency of
the enzyme jf-alanine transaminase. f-Alanine and 7 -
aminobutyric acid accumulate in the blood. Mental retardation
is a feature of the condition.

Further reading: Scriver, C.R., Nutzenadel, W. and Perry, T.L.
(1978). Disorders of $-alanine and carnosine metabolism.
In Stanbury, J.B. Wyngaarden, J.B. and Fredrickson,
D.S. (eds.) The Metabolic Basis of Inherited Disease, 4th
Edn. p. 528. (New York: McGraw-Hill)

ALANINE AMINOTRANSFERASE (AlaAT, ALAT, ALT)
(SERUM GLUTAMATE-PYRUVATE TRANSAMINASE, SGPT;
GLUTAMATE-PYRUVATE TRANSAMINASE, GPT).

An enzyme found in high concentrations in the liver. Smaller
amounts are also found in heart, kidney and skeletal muscle. It
catalyses the reaction:

alanine pyruvate
+ = T
2-oxoglutarate glutamate

Increases in the serum level of this enzyme are usually found in
liver conditions especially hepatitis.

Measurement

(1) In the colorimetric, end-point, Reitman-Frankel method,
the 2,4-dinitrophenylhydrazone derivative of pyruvate is
measured. (The 2,4-dinitrophenylhydrazone derivative of
2-oxoglutarate is also present but this is not as
chromogenic.) This method is now little used.

(2) Most laboratories measure the enzyme in a kinetic manner
by a coupled enzyme reaction system. The pyruvate formed
by alanine transaminase is converted to lactate by in-
cluding lactate dehydrogenase in the reaction mixture. This
is accompanied by the oxidation of NADH to NAD which
can be followed spectrophotometrically at 340 nm.

See also: DeRitis ratio
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Further reading. Wilkinson, J.H. (1976). The Principles and
Practice of Diagnostic Enzymology. (London: Edward
Arnold)

ALBINISM

A condition in which there is an absence of the pigment melanin.
A congenital deficiency of the enzyme tyrosinase, which con-
verts tyrosine to dihydroxyphenylalanine, an intermediate in
melanin formation, causes one form of albinism. It has a
recessive mode of inheritance.

Further reading: Witcop, C.J. Jr., Quevedo, W.C. Jr., and
Fitzpatrick, T.B. (1978). Albinism. In Stanbury, J.B.,
Wyngaarden, J.B. and Fredrickson, D.S. (eds.) The
Metabolic Basis of Inherited Disease, 4th Ed., p. 283. (New
York: McGraw-Hill)

ALBUMIN

A protein having a molecular weight of approximately 65 000. It
has a transport role in the blood since it can reversibly bind long
chain fatty acids, bilirubin, calcium and certain hormones, e.g.
thyroxine and cortisol. In addition to its transport functions it
can serve as a reserve store of protein and contributes
significantly to plasma colloidal osmotic pressure. Two con-
genital disorders of albumin synthesis have been described,
analbuminaemia when there is deficient synthesis, and
bisalbuminaemia when two types of albumin occur.

Increase in blood levels

Other than by haemoconcentration, high serum albumin levels
are never found.

Decrease in blood levels

Decreased blood levels are found in three main types of
pathological conditions:

(1) Decreased synthesis as in liver disease, malabsorption or
malnutrition.

(2) Loss of protein from the body, e.g. nephrotic syndrome,
protein losing enteropathy, and burns.

(3) Low serum albumin levels are found in a whole variety of
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non-specific conditions (e.g. infections, inflammatory
states) due to increased catabolism.

In addition to these pathological conditions, low serum albumin
levels can be found as a result of recumbent posture, and also as
a result of haemodilution e.g. in the later stages of pregnancy.
Low levels are also found in neonates.

Measurement

(1)

2

©)

C))

©)

Dye binding methods. Certain dyes, e.g. bromocresol
green (BCG) and 2-(4’-hydroxyazobenzene)-benzoic acid
(HABA), bind to albumin, resulting in a change in the
spectral characteristics of the dye, i.e. there is a shift in the
wavelength of light at which maximum absorption occurs.
Optical density measurements at the wavelength of max-
imum absorption of the bound dye can therefore be used to
estimate the amount of albumin present.

Disadvantages of this method include interference by
bilirubin and certain drugs which may displace the dye
from the albumin binding sites resulting in falsely low
values. At low serum albumin levels, results may be falsely
high due to attachment of the dye to other serum proteins.
One of the major advantages of dye binding methods is
their ease of automation.

Immunochemical methods using specific albumin anti-
serum. Radial immunodiffusion, electroimmunodiffusion
and nephelometric techniques can all be used.

Albumin can also be estimated densitometrically by
electrophoresis of the serum followed by staining and
scanning of the albumin band.

Isolation of the albumin fraction by salt fractionation
followed by protein determination by the biuret or
Kjeldahl techniques.This is now a rarely used method.

Albumin by difference. Determination of total protein and
measurement of the globulin fraction by a method specific
for globulins, e.g. the Hopkins-Cole reaction for tryp-
tophan, enables the albumin to be estimated by difference.

Further reading: Peters, T. Jr., (1970). Serum albumin. In

Bodansky, O. and Stewart, C.P. (eds.) Advances in Clinical
Chemistry. Vol. 13, p. 37. (New York: Academic Press)
Slater, L., Carter, P.M. and Hobbs, J.R. (1975).
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Measurement of albumin in the sera of patients. Technical
Bulletin No. 34. Ann. Clin. Biochem., 12, 33

ALBUSTIX

A dipstick test manufactured by Ames for the estimation of

protein in urine. It is based on the change of colour of

tetrabromophenol blue from yellow to green caused by proteins,

especially albumin. Alkaline urines may give false positive

results.

Further reading: Kutter, D. (1977). Rapid Clinical Diagnostic
Tests. (Munich-Vienna-Baltimore: Urban and Schwarzen-
berg)

ALCOHOL

See: ethanol

ALCOHOL TEST MEAL
A test which can be used to assess the ability of the stomach to

secrete hydrochloric acid in response to a stimulant, in this case
alcohol.

ALDOLASE

An enzyme found in heart, skeletal muscle and, to a lesser
extent, the liver. It catalyses the reaction:

fructose-1,6 . dihydroxyacetone | glyceraldehyde-
diphosphate = phosphate 3-phosphate

Increased serum levels occur in muscle diseases, acute
hepatitis and following myocardial infarction.

Further reading: Wilkinson, J.H. (1976). The Principles and

Practice of Diagnostic Enzymology. (London: Edward
Arnold)

ALDOSTERONE

A mineralocorticoid secreted by the zona glomerulosa of the
adrenal cortex. It is involved in sodium-potassium exchange
across all cell membranes, including the distal renal tubules,
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(") CH,OH
co
HO CH

Aldosterone

where it increases sodium reabsorption in exchange for
potassium. The renin-angiotensin system is a major factor in the
control of aldosterone secretion. Aldosterone can be determined
in either plasma or a 24-hour urine collection and is usually
measured by radioimmunoassay.

See also: aldosterone production rate, aldosteronism,
renin-angiotensin sytem

Further reading: General list of clinical textbooks

ALDOSTERONE PRODUCTION RATE

The determination of a patient’s ability to synthesize
aldosterone. Isotopically labelled aldosterone is given to the
patient and the specific activity of an aldosterone metabolite is
measured in a 24 hour urine. This test is used in situations where
aldosterone measurements in urine may be misleading. e.g.
when renal function is abnormal.

See also: aldosterone

ALDOSTERONISM
Primary (Conn’s syndrome)

This is the secretion of excess aldosterone, due in most casestoa
benign aldosterone-secreting adenoma of the adrenal cortex.
Excess aldosterone causes sodium retention at the expense of
potassium, and hypokalaemia develops.

Secondary

This occurs secondary to conditions in which there is reduced
renal blood flow. These conditions include oedematous states
(e.g. liver disease, nephrotic syndrome and protein malnutri-



18  ALKALINE PHOSPHATASE

tion), damage to the renal vessels (e.g. renal artery abnor-
malities) and cardiac failure. The reduced renal blood flow
stimulates the renin-angiotensin system which in turn stimulates
aldosterone secretion. This results in sodium retention which
stimulates ADH secretion. Consequently water retention
develops. The biochemical findings in secondary aldosteronism
therefore can include a low plasma sodium concentration and
sometimes hypokalaemia.

See also: aldosterone, potassium, renin-angiotensin system

Further reading: General list of clinical textbooks

ALKALINE PHOSPHATASE

A group of enzymes which hydrolyse phosphate esters at
optimal pHs of about 10. Alkaline phosphatase isoenzymes
occur in many organs including intestine, bone (particularly
osteoblasts), placenta, and liver and are also found in some
patients with cancer (Regan isoenzyme).

Increases in serum levels

Increased serum alkaline phosphatase activity occurs mainly in
hepatobiliary and bone conditions.

(1) Hepatobiliary conditions: Alkaline phosphatase is found
in cells lining the bile canaliculi and is normally excreted in
the bile. If the biliary flow is obstructed, the enzyme is
regurgitated back into the bloodstream. Its presence in
grossly elevated amounts in the serum therefore suggests
cholestasis rather than liver cell damage. Large increases in
serum alkaline phosphatase activity are therefore found in
extra-hepatic biliary obstruction whereas more moderate
increases are found in a whole variety of other liver
conditions such as hepatitis, cirrhosis and hepatic car-
cinomas.

(2) Bone conditions: Elevated levels are found in those bone
diseases which have increased osteoblastic activity, the
highest levels being found in bone cancers and in Paget’s
disease (osteitis deformans). Moderate increases are found
in osteomalacia, rickets and primary and secondary hyper-
parathyroidism. The raised serum alkaline phosphatase of
normal children is due to increased osteoblastic activity.

(3) Other conditions: In addition to bone and liver conditions
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alkaline phosphatase is also raised in other disorders such
as Hodgkin’s disease, ulcerative colitis and congestive
heart failure. Elevated levels are also found in pregnancy.

Measurement

A multitude of methods exist for alkaline phosphatase measure-
ment using a variety of substrates and conditions. This accounts
for the variety of different units in which alkaline phosphatase
activity can be expressed.

(1) The Bodansky method uses f-glycerophosphate as the
substrate and measures the amount of free phosphate
liberated.

(2) In the King-Armstrong method phenylphosphate is used
as the substrate. The phenol liberated can be measured by
Folin-Ciocalteu reagent, or in the case of the Kind and
King modification, by 4-aminoantipyrene.

(3) Insome methods, substrates are used which yield coloured
products, e.g. p-nitrophenylphosphate (in the Bessey-
Lowry-Brock method), thymolphthalein phosphate
or phenolphthalein phosphate. These substrates can be
used for the kinetic measurement of enzymic activity,
unlike the previous methods which are end-point assays.

(4) oa-Naphthol monophosphate can also be used in con-
tinuous monitoring procedures. The a-naphthol liberated
absorbs light at 340 nm, the same wavelength at which
NAD/NADH dehydrogenase reactions are measured.

Recently a number of phosphate accepting buffers have been
used in alkaline phosphatase assays, onto which the liberated
phosphate group is attached. These are amino alcohols such as
diethanolamine, tris and ethylaminoethanol. When present they
can enhance the rate of reaction.

Some divalent ions such as Mg?* or Mn?* activate the
enzyme and are sometimes included in reaction mixures.

Isoenzyme determination

There have been two approaches to the routine determination of
isoenzyme activity in serum. The first is the separation of the
enzymes by electrophoretic means on a variety of media in-
cluding starch, agar, polyacrylamide and cellulose acetate.
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ALKALINE TIDE

However the resolution between the liver and bone isoenzymes
is poor.

The other approach is the selective inactivation of specific
isoenzymes. Placental alkaline phosphatase, for instance, is
remarkably stable to heat inactivation. Incubation of the en-
zyme at 65 °C has no effect on its activity, unlike the other iso-
enzymes which are inactivated. Other isoenzymes can be
differentiated by their stability in other conditions. For instance
phenylalanine inhibits placental and intestinal isoenzymes but
has little effect on the bone and liver isoenzymes.

Further reading: Fishman, W.H. and Ghosh, N.K. (1967).
Isoenzymes of human alkaline phosphatase. In Bodansky,
O. and Stewart, C.P. (eds.) Advances in Clinical Chemistry,
Vol. 10, p. 256. (New York: Academic Press).
Wilkinson, J.H. (1976). The Principles and Practice of
Diagnostic Enzymology. (London: Edward Arnold)

ALKALINE TIDE

The secretion of hydrochloric acid by the stomach is accom-
panied by an increase in blood bicarbonate and pH.

ALKALI RESERVE

A method by which the level of plasma bicarbonate can be
expressed. The plasma sample is equilibrated with 5% CO,.
This is an attempt to replace the CO, which may have escaped
from the specimen during handling. (Hence its alternative
name-CO, combining power). The sample is treated with acid
and the total CO, liberated gives an indication of the plasma
bicarbonate level.

See also: bicarbonate

ALKALOSIS

A condition in which there is an accumulation of base or loss of
acid capable of causing a rise in pH to above normal limits (an
uncompensated alkalosis). If this has been corrected by compen-
satory mechanisms (see below), it is known as a compensated
alkalosis. There are two classes of alkalosis depending on their
actiology, although occasionally a mixed type may be en-
countered.
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Metabolic or non-respiratory alkalosis
This may be caused by one of the following processes:

(1) Excessive intake of alkali e.g. sodium bicarbonate.

(2) Excessive loss of hydrochloric acid from the stomach e.g.
vomiting.

(3) In potassium depletion (e.g. Cushing’s syndrome, aldo-
steronism). Potassium depletion in the extracellular fluid
causes Kt to move out of the cells, and this is accom-
panied by a movement of H* and Nat into the cells. This
results in an extracellular alkalosis (although there is at the
same time an intracellular acidosis).

Respiratory alkalosis

This can result from diseases in which there is increased elimina-
tion of CO, from the lungs as a result of increased respiration,
e.g. hysteria, hypoxia or salicylate poisoning.

In both metabolic and respiratory alkaloses, the pH can be
restored to normal by the following processes:

(1) Blood buffer systems.

(2) Depression of the respiratory centre of the brain by the
high pH, resulting in less CO, being eliminated.

(3) Decreased renal Nat/ H* exchange and decreased renal
reabsorption of bicarbonate.
See also: acid-base balance, acidosis, pH

Further reading: Davenport, H.W. (1974). The ABC of
Acid-Base Chemistry. 6th Edn. (Chicago: The University
of Chicago)

Siggaard-Anderson, O. (1974). The Acid-Base Status of
the Blood. 4th Edn. (Copenhagen: Munksgaard)

ALKAPTONURIA

A rare inborn error of metabolism in which there is a deficiency
of the enzyme homogentisic acid oxidase. It is inherited as an
autosomal recessive.

The oxidative breakdown of the amino acid tyrosine contains
a stage in which homogentisic acid is converted to maley-
lacetoacetic acid, a reaction catalysed by homogentisic acid
oxidase. A deficiency of this enzyme results in the accumulation
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ALLEN CORRECTION

of homogentisic acid in blood, tissues and urine. Oxidation and
polymerization of the excessive amounts of homogentisic acid
results in the formation of the black pigment alkapton which can
be deposited in cartilages, causing darkening. This condition is
called ochronosis and may eventually lead to arthritis. Urines
from affected individuals darken onstanding, due to the conver-
sion of homogentisic acid to alkapton.

See also: homogentisic acid

Further reading: La Du, B.N. (1978). Alkaptonuria. In Stan-
bury, J.B., Wyngaarden, J.B. and Fredrickson, D.S. (eds.)
The Metabolic Basis of Inherited Disease, 4th Edn., p. 268.
(New York: McGraw-Hill)

ALLEN CORRECTION

Absorbance

A method of correcting optical density measurements when
there is interference by background absorption. Optical density
measurements are made at the wavelength of maximum absorp-
tion of the compound being examined and at two other
wavelengths equidistant from the peak. The absorbance of the
two latter wavelengths are averaged and subtracted from the
peak reading to give the corrected reading. This is shown in the
diagram.

e ——
‘‘‘‘‘ ~—~— Background
absorption
A A max A 2
Wavelength
A +A,
Corrected absorption at A, = Anax =\ ™3 )

where A, A,, A, = absorbances at the 3 wavelengths respectively
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Such corrections are used in the determination of steroids by
the Zimmermann reaction and in the spectrophotometric deter-
mination of porphyrins, salicylates and other compounds. Care
must be taken whenever it is applied as it is possible that even
larger errors might be introduced than there would be without
the correction, e.g. when the absorbance of the background is
not linear in the region measured.

Further reading: General list of analytical textbooks

ALLOPURINOL (HYDROXYPYRAZOLOPYRIMIDINE)

A drug used in the treatment of gout. Because of its structural
similarity to hypoxanthine, it acts as a competitive inhibitor of
the enzyme xanthine oxidase, thereby reducing uric acid
production.

See also: gout

ALUMINIUM

It is possible that aluminium may be involved in the develop-
ment of encephalopathy and also of osteomalacia in
haemodialysed patients (aluminium salts are present in the
dialysate water and aluminium hydroxide is administered to
control the hyperphosphataemia). Aluminium is thought to
accumulate in the bone and interfere with mineralization
processes.

AMINO ACID ANALYSER

An instrument for the measurement of individual amino acids in
an amino acid mixture. The amino acids are separated onanion-
exchange column and estimated colorimetrically on a con-
tinuous flow analyser after their reaction with ninhydrin. In
some instruments the amino acids are measured fluori-
metrically.

AMINOACIDURIA

An excess of amino acids in the urine. It may arise from an
‘overflow’ effect when there are raised blood levels of amino
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acids (as in phenylketonuria), or as a result of a renal disorder
when the amino acids are not reabsorbed by the renal tubules.

Aminoacidurias may be generalized, when there is excessive
secretion of several non-related amino acids, or specific, when
there is excess excretion of a single amino acid or a related group
of them (as in cystinuria or Hartnup disease).

p-AMINOHIPPURIC ACID (PAH)

A substance used in the assessment of renal function. At low
plasma levels, estimation of its clearance can be used to measure
renal plasma flow whereas at higher plasma levels it can give an
indication of the tubular secretory capacity.

Further reading: Mitchell, F.L. Veall, N. and Watts, R.W_.E.
(1972). Scientific Review No. 2. Renal function tests
suitable for clinical practice. Ann. Clin. Biochem., 9, 1

8 -AMINOLAEVULINIC ACID (5-ALA)

An intermediate in the synthesis of porphyrins. It is formed by
the condensation of glycine and succinate, a reaction catalysed
by the enzyme §-ALA synthetase. §-ALA excretion in urine
is increased in some types of porphyria and in lead poisoning.
8-ALA can be measured in urine and serum by its reaction with
Ehrlich’s reagent.

See also: lead and lead poisoning

6-AMINOLAEVULINIC ACID DEHYDRATASE

The enzyme which converts §-aminolaevulinic acid to porpho-
bilinogen. Decreased red cell §-aminolaevulinic acid
dehydratase activity is found in cases of lead poisoning.

See also: lead and lead poisoning

AMITRIPTYLINE

A tricyclic antidepressant. Several simple colour reactions can
be used for its detection in urine.
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AMMONIA

This occurs in the blood as a result of (a) the deamination of
amino acids and (b) the absorption of ammonia arising from the
action of urea-splitting bacteria in the gut. It is a toxic substance
and is therefore rapidly metabolized by liver enzymes to urea
which is excreted in the urine.

Ammonia itself is involved in urinary buffering mechanisms.
The action of glutaminase on glutamine in the distal tubular cells
results in ammonia being secreted into the urine, where it buffers
hydrogen ions, causing more acid to be secreted.

Increases in blood levels
High blood levels are found in advanced liver disease.

Measurement

(1) Acid-base titration.

(2) The Berthelot reaction.
(3) Using Nessler’s reagent.

(4) By use of the enzyme glutamate dehydrogenase which
converts 2-oxoglutarate and ammonia to glutamate, witha
concomitant oxidation of NADH to NAD which can be
followed spectrophotometrically.

2-oxoglutarate + glutamate +
NH, + NAD 5 H,O0 + NAD

Further reading: General list of clinical and analytical text-
books

AMMONIUM CHLORIDE LOADING TEST

A test which measures the ability of the kidney to secrete anacid
urine. The ammonium ion (NH,* ) behaves as an acid because it
dissociates to ammonia and H+ . When ammonium chloride is
ingested, the kidneys should normally secrete the excess
hydrogen ions in the urine. Urinary pH, titratable acidity and
ammonia content can be measured as an indication of the acid
output. In normal subjects, the pH falls to 5.2 or below, whereas
in renal tubular acidosis, no acidification occurs.



26 AMNIOTIC FLUID

Further reading: Mitchell, F.L., Veall, N. and Watts, R W.E.
(1972). Scientific Review No. 2. Renal function tests
suitable for clinical practice. Ann. Clin. Biochem., 9, 1

AMNIOTIC FLUID

The fluid which surrounds the fetus. In early pregnancy its
composition resembles serum, while in the later stages it has a
closer resemblance to fetal urine.

AMPEROMETRY

An analytical technique which is based on the measurement of
current flowing through an electrical cell when a constant
potential is applied to the electrodes. The Clark PO, electrode is
an example of this technique.

See also. oxygen

AMPHETAMINES

A class of drugs, taken for their stimulant action on the brain.
Continual dosage may result in addiction. They can be estimated
in urine by gas-liquid chromatography, ultraviolet spectro-
photometry or by their reaction with metanil yellow to form a
coloured complex.

Further reading: General list of analytical textbooks

AMPHOLYTE

A molecule which can be either positively or negatively charged.
These type of molecules are used in isoelectric focusing.

See also: isoelectric focusing

AMYLASE

An enzyme which catalyses the hydrolysis of high molecular
weight carbohydrates such as starch and glycogen. Human
amylases are referred to as a-amylases because they attack the
a-1,4-hemiacetal linkages of starch in a random manner, as
distinct from the 3-amylases of plant and bacterial origin which
can act only at the terminal reducing end of a carbohydrate
chain. Hydrolysis of straight chain carbohydrates results in the
formation of the disaccharide, maltose. In the case of the
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branched-chain carbohydrates such as amylopectin or glycogen,
hydrolysis results in the formation of maltose and limit dextrin,
since tne enzyme does not attack the a-1,6-linkages at the branch
points of these carbohydrates.

The enzyme present in normal serum is derived mainly from
the pancreas and the salivary glands.

Increases in serum levels

(1) Pancreatic disease especially acute and chronic pan-
creatitis.

(2) Salivary gland disease, e.g. mumps.

(3) Macroamylasaemia, a symptomless condition in which
complexes are formed between amylase and other plasma
proteins, especially IgA. These high molecular weight
complexes are not filtered at the glomerulus and ac-
cumulate in the plasma.

Decreases in serum levels

Lowered serum amylase levels are found in a variety of con-
ditions but are of little clinical significance.

Measurement of amylase activity

(1) In the saccharogenic type of assay, enzyme activity is
measured by the amount of reducing sugar formed. Any of
the traditional substances for measuring reducing sub-
stances can be used, e.g. ferricyanide.
Amylase can be measured by kinetic methods using
coupled enzyme assay systems. The maltose formed by the
action of amylase is converted to glucose, by including
maltase in the reaction mixture. Glucose oxidase which is
also added converts glucose to gluconic acid as follows:

Glucose + O, —» Gluconic Acid + H,0,

The overall reaction can be followed by measuring the
amount of oxygen consumed in the reaction by a PO,
electrode, or by usingthe H,0,formed to oxidize an oxygen-
accepting dye.

(2) Inthe amyloclastic type of assay, enzyme activity is follow-
ed by measuring the decrease in the substrate, starch.
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AMYLOBARBITONE

Starch is measured by its ability to form a blue colour with
iodine. Some methods involve measuring the amount of
starch hydrolysed in a given time, while in other methods
the amount of time needed to hydrolyse a given amount of
starch is determined.

(3) A number of dye-labelled amylase substrates have been
introduced in recent years by several companies. A
coloured dye is coupled to starch substrate. Hydrolysis of
the substrate by the enzyme results in the formation of
water-soluble dye fragments which can be separated from
the unhydrolysed substrate by centrifugation or filtration.

Units

Amylase activity can be expressed in a variety of units, e.g.
Somogyi, Wohlgemuth or International Units, depending upon
the method of assay.

Further reading: Wilkinson, J.H. (1976.) The Principles and
Practice of Diagnostic Enzymology. (London: Edward
Arnold)

AMYLOBARBITONE

An intermediate acting barbiturate.

See also: barbiturates

AMYLOID

An abnormal proteinaceous material composed in some cases of
light chain residues from 7-globulins. It can be deposited in
many of the body’s organs especially the liver and kidneys. It is
referred to as amyloid because of its starch-like reactions.
Amyloid disease has been classified into two categories based on
the composition of the protein. The familial variety or the type
associated with myeloma is referred to as primary amyloid.
Secondary amyloid occurs in diseases other than myeloma e.g.
rheumatoid arthritis, tuberculosis. Amyloidosis can be diagnos-
ed by the Congo Red test, although this is potentially dangerous
because of possible allergic reactions. In this test the dye is
injected intravenously. Any amyloid material present binds the
dye and its removal from the circulation can be followed by
taking a number of blood samples up to an hour after injection.
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Further reading: Glenner, G.G., Ignaczak, T.F. and Page, D.L.
(1978). The inherited systemic amyloidoses and localized
amyloid deposits. In Stanbury, J.B., Wyngaarden, J.B. and
Fredrickson, D.S. (eds.) The Metabolic Basis of Inherited
Disease, 4th Edn., p. 1308. (New York: McGraw-Hill)

Editorial (1979). Pathogenesis of amyloid disease. Br.
Med. J, 1, 216

ANALBUMINAEMIA

A rare hereditary disease in which there is almost a complete
absence of albumin in the serum. The condition is inherited as an
autosomal recessive. There appear to be few pathological conse-
quences of the albumin deficiency. Affected individuals often
have raised serum globulin levels which may be a compensatory
measure to maintain the colloid osmotic pressure.

Further reading: Bearn, A.G. and Litwin, S.D. (1978). Deficien-
cies of circulating enzymes and plasma proteins. In Stan-
bury, J.B., Wyngaarden, J.B. and Fredrickson, D.S. (eds.)
The Metabolic Basis of Inherited Disease 4th Edn., p. 1712
(New York: McGraw-Hill)

ANDROGENS

These are a group of C-19 steroids which influence the male
secondary sex characteristics. They are made by the testes,
adrenals and to a lesser extent by the ovaries. The testes secrete
testosterone while the main adrenal androgens are dehydro-
epiandrosterone and androstenedione. Urinary 17-oxosteroid
estimations give an indication of androgen production.

See also: 17-oxosteroids, testosterone

ANDROSTANEDIOL

An androgen produced in peripheral tissue from testosterone.

ANDROSTENEDIONE

An intermediate in the synthesis of testosterone. Together with
dehydroepiandrosterone it is one of the principal androgens
secreted by the adrenal gland.
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ANDROSTERONE

One of the end products of androgen metabolism. It is one of the
compounds measured in the 17-oxosteroid determination.

See also: 17-oxosteroids

ANGIOTENSIN I

A decapeptide formed by the action of renin on angio-
tensinogen. It is converted to the octopeptide angiotensin Il by a
peptidase located mainly in the lungs.

See also: aldosterone, renin-angiotensin sytem

ANGIOTENSIN II

An octopeptide hormone which is produced as a resuit of the
action of a peptidase on angiotensin I. Its two main actions are
the stimulation of aldosterone production from the adrenal
cortex, and an action on the blood vessel walls causing
vasoconstriction. It can be measured by radioimmunoassay.

See also: aldosterone, renin-angiotensin system

ANGIOTENSINOGEN

A plasma protein which is converted to angiotensin I by the
action of renin.

See also: aldosterone, renin-angiotensin sytem

ANHAPTOGLOBINAEMIA

A congenital condition in which there is an absence of hap-
toglobin in the blood. It is a relatively common inborn error,
being found in approximately 4% of negroes.

Further reading: Bearn, A.G. and Litwin, S.D. (1978).
Deficiencies of circulating enzymes and plasma proteins. In
Stanbury, J.B., Wyngaarden, J.B. and Fredrickson, D.S.
(eds.) The Metabolic Basis of Inherited Disease, 4th Edn.,
p. 1712. (New York: McGraw-Hill)

ANION GAP

The plasma electrolytes most commonly measured are sodium,
potassium, chloride and bicarbonate. The sum of the chloride
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and bicarbonate is always less than the sum of the sodium and
potassium. This is the anion gap and it is due to a number of
other ions, e.g. phosphate, sulphate and organic acids such as
lactate. Large anion gaps are found in renal failure and diabetic
ketoacidosis. ’

Further reading: Editorial (1977). The anion gap. Lancet, 1,785

ANODIC STRIPPING VOLTAMETRY

A technique which can be used for trace element analysis. It
consists of depositing metals from the solution being in-
vestigated onto a mercury cathode. The mercury electrode is
then made the anode and by altering the potential, the metals
which have been deposited in the previous step are stripped off.
The stripping is carried out under polarographic conditions and
as each metal is removed in turn from the mercury, a peak
appears on the current vs. voltage curve. The quantity of each
metal is determined from the height of the peak.

Further reading: Ellis, W.D. (1973). J. Chem. Educ., 50, A131

ANTIBODY

An immunoglobulin made by animals in response to an antigen.
The antibody combines specifically with the antigen and this
plays an important role in the body’s defence against infection or
foreign substances. The specificity of the antibody-antigen
reaction enables highly specific and sensitive assays to be
performed for the estimation of many substances.

See also: immunochemical techniques

ANTICOAGULANT

A substance which prevents blood from clotting. They are used
therapeutically in treating patients with a history of thrombosis
and are used extensively in the laboratory to prevent blood
specimens from coagulating when whole blood or plasma is
required for analysis. The anticoagulants EDTA, potassium
oxalate and sodium citrate act by chelating calcium which is-
required for blood clotting. Another anticoagulant, heparin,
acts by antagonizing thrombin.



32

ANTIDIURETIC HORMONE

ANTIDIURETIC HORMONE (VASOPRESSIN, PITRESSIN)

A polypeptide hormone secreted by the posterior pituitary
gland. It is involved in fluid homeostasis, exerting its action in
the distal renal tubular cells where it increases passive water
reabsorption along the osmotic gradient produced by the
countercurrent mechanism. This results in a concentrated urine
being produced. Deficient production of the hormone, or failure
of the renal tubules to respond to it, results in diabetes insipidus.
Alternatively inappropriate ADH secretion can occur in con-
ditions such as infections or as a result of ectopic ADH secretion
by a tumour. This results in water retention which reveals itself
as hyponatraemia. ADH can be measured by radioim-
munoassay.

See also. countercurrent mechanism, diabetes insipidus

Further reading: Scheiner, E. (1975). The relationship of an-
tidiuretic hormone to the control of volume and tonicity in
the human. In Bodansky, O., and Latner, A.L. (eds.)
Advances in Clinical Chemistry, Vol. 17, p. 2. (New York:
Academic Press)

ANTI-DNA ANTIBODIES

Circulating antibodies to DNA are found in connective tissue
disorders such as systemic lupus erythematosus (SLE) and
rheumatoid arthritis. Antibodies against double-stranded native
DNA are found almost exclusively in the SLE patients whereas
antibodies against single-stranded denatured DNA are found in
other connective tissue disorders, in addition to SLE.

See also: antinuclear factors

Further reading: Holborow, E.J. (1978). The serology of con-
nective tissue disorders. Br. J. Hosp. Med., 19, 250

ANTIGEN

A substance which is capable of stimulating the production of
antibodies. The term is often used synonymously with im-
munogen, although strictly speaking the term antigen should
refer to any substance which is capable of reacting with antibody
(e.g. in vitro) without necessarily having the ability to stimulate
antibody production in vivo.
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ANTINUCLEAR FACTORS

These are antinuclear antibodies found in the serum in a number
of autoimmune disorders, such as systemic lupus
erythematosus, rheumatoid arthritis and chronic active
hepatitis. These antibodies are active against different com-
ponents of the cell nucleus.

See also: anti-DNA antibodies

Further reading: Holborow, E.J. (1978). The serology of con-
nective tissue disorders. Br. J. Hosp. Med., 19, 250

ANTISERUM

Serum which contains antibodies. Antisera used in diagnostic
tests are obtained from animals injected with the appropriate
antigen. Antiserum reacting against several antigens is termed
polyvalent. If it reacts against only one antigen it is termed
monovalent (or monospecific)

a,-ANTITRYPSIN

An ¢, globulin with a molecular weight of approximately 45 000.
It inhibits proteolytic enzymes in the blood and it is one of the
acute phase proteins. There are several genetic variants of the
protein. A congenital deficiency of «,-antitrypsin can occur
producing the symptoms of infantile liver cirrhosis and early
onset emphysema. The latter may be due to release of proteolytic
enzymes when lung tissue is infected.

Measurement

(1) Immunochemical methods, e.g. radial immunodiffusion or
electroimmunoassay.

(2) Enzymically by measuring trypsin activity with and
without the addition of the patient’s serum.

Further reading: Bearn, A.G. and Litwin, S.D. (1978).
Deficiencies of circulating enzymes and plasma proteins. In
Stanbury, J.B., Wyngaarden, J.B. and Fredrickson, D.S.
The Metabolic Basis of Inherited Disease, 4th Ed., p. 1712
(New York: McGraw-Hill)

Editorial. (1977). Childhood liver disease with a,-anti-
trypsin deficiency. Lancet, 1, 82



34  APOFERRITIN

APOFERRITIN

A protein which binds iron to form the iron storage compound
ferritin.

See also: ferritin

ARGENTAFFIN CELLS

Cells which stain with silver salts and which are found in several
sites in the alimentary tract. They synthesize the hormone
serotonin.

See also: carcinoid syndrome

ARGENTAFFINOMA

A tumour of argentaffin cells which cause the condition known
as carcinoid syndrome.

See also: carcinoid syndrome

ARGININE

A basic amino acid found in many proteins. Itis also involved in
urea biosynthesis. Inthe inborn error, cystinuria, it is excreted in
the urine in large amounts, along with other basic amino acids.

See also: cystinuria

ARGININE STIMULATION TEST

A test which assesses the ability of the pituitary to secrete
growth hormone. Innormalsubjects, growth hormone is secreted
in response to amino acids. In this test arginine is infused
intravenously and growth hormone levels are measured at half-
hour intervals for 2 hours. Failure of growth hormone levels to
rise significantly is suggestive of growth hormone deficiency.

See also: human growth hormone

ARGININOSUCCINICACIDURIA

An inborn error of metabolism which is due to a deficiency of the
urea cycle enzyme argininosuccinase. Argininosuccinic acid and
ammonia accumulate and the symptoms include mental retarda-
tion and hepatomegaly.
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Further reading: Shih, V.E. (1978). Urea cycle disorders and
other congenital hyperammonaemic syndromes. In Stan-
bury, J.B., Wyngaarden, J.B. and Fredrickson, D.S. (eds.)
The Metabolic Basis of Inherited Disease, 4th Edn., p. 362.
(New York: McGraw-Hill)

ARIBOFLAVINOSIS

The condition caused by deficiency of the vitamin riboflavin.
Symptoms include rough scaly skin and oral, anal and vaginal
lesions.

See also: riboflavin

ARSENIC

Poisoning by arsenic compounds is occasionally encountered in
the laboratory. The toxic action of arsenic is due to its inhibition
of sulphydryl enzymes. It can be detected in body fluids by the
Reinsch test which is based on the reduction of arsenic to its
elemental form by metallic copper in the presence of acid. The
arsenic is deposited on the copper as a dark film.

Further reading: General list of analytical textbooks

ASCORBIC ACID (VITAMIN C)

A water soluble vitamin which cannot be synthesized by man
and therefore has to be obtained from the diet. It is found
extensively in vegetables and fruit, especially the citrus varieties.
Since the vitamin is carried mainly in the leukocytes, its
measurement in these cells gives some indication of the vitamin
C status of the body. The ascorbic acid saturation test can also
be used to assess the vitamin status. The biochemical role of the
vitamin is obscure although it does seem to be required for
collagen formation. Deficiency of the vitamin causes scurvy, the
symptoms of which can be related to poor collagen formation.
These include poor wound-healing, osteoporosis (due to bone
matrix deficiency), a tendency to bleed (due to deficiences in the
vascular walls) and anaemia.

Measurement

Ascorbic acid is usually estimated by its ability to reduce the dye
2,6-dichlorophenolindophenol to a colourless form.
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Further reading: General list of clinical and analytical text-
books

ASCORBIC ACID SATURATION TEST
A test for assessing the vitamin C status of the body. Ascorbic
acid is given orally and its output in the urine is measured. In
normal subjects, more of the vitamin will be excreted in the
urine, because the tissue stores are already saturated. In deficient
patients, less vitamin will be excreted because of its uptake by
the tissues.

See also: ascorbic acid

ASPARTATE AMINOTRANSFERASE (AspAT, ASAT, AST)
(SERUM GLUTAMATE-OXALOACETATE TRANSAMINASE,
SGOT, GLUTAMATE-OXALOACETATE TRANSAMINASE,
GOT)

An enzyme, high levels of which are found in heart, liver, red
blood cells and skeletal muscle. It catalyses the reaction:

aspartate + 2-oxoglutarate == oxaloacetate + glutamate

Increases in serum levels

Increases are found in many liver diseases where there is liver cell
destruction, especially hepatitis. It is also raised after myocar-
dial infarction and in muscle diseases.

Measurement

(1) In the colorimetric, end-point, Reitman-Frankel method,
oxaloacetate is measured as the 2,4-dinitrophenylhydra-
zone derivative. (The 24-dinitrophenylhydrazone
derivative of 2-oxoglutarate is also formed but this is not as
chromogenic.) This method is now little used.

(2) The enzyme can be measured in a kinetic manner by a
coupled enzyme reaction system. The oxaloacetate formed
by aspartate aminotransferase is converted to malate by
including malate dehydrogenase in the assay system. This
is accompanied by the oxidation of NADH to NAD which
can be followed spectrophotometrically at 340 nm.

(3) Colorimetric methods can be used which depend upon the
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reaction of oxaloacetate with a diazo dye, e.g. azoene fast
violet B.

Further reading: Wilkinson, J.H. (1976). The Principles and
Practice of Diagnostic Enzymology. (London: Edward
Arnold)

ASPIRIN

See: salicylate

ASTRUP

A name which is applied to a technique of measuring blood
acid-base parameters, devised by the Danish biochemist Poul
Astrup. The name is also used to describe products of the
Radiometer Corporation which measure blood acid-base
parameters by the Astrup technique.

The basis of the technique is the inverse relationship between
blood pH and PCO,.

PCO,

pPH —p



ATOMIC ABSORPTION

The pH of a sample of whole blood is first measured. The
remainder is then equilibrated at two different concentrations of
CO, (i.e. two different PCO,s) and two more pH readings are
made. A line is drawn between these last two pH readings and by

placing the sample’s original pH on the line, the patient’s PCO,
can be read off.

\ pH readings at two

different PCO, s

PCO,

Original pH of specimen
.".original PCO, of
specimen

pH—>

The standard bicarbonate is found at the point where the line
intersects another line corresponding to a PCO, of 5.3 kPa
(40 mmHg). Similarly the base excess is found at the point where
the line intersects the base excess curve.

X

Standard bicarbonate

5.3kPa
(40 mmHg)

Base excess
or deficit

b oo,

pH —P

See also: bicarbonate, carbon dioxide
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ATOMIC ABSORPTION

An analytical technique used for the measurement of many
metallic elements, e.g. calcium, magnesium, lead, copper and
iron.

Atomic absorption flame photometry

In this technique, a liquid sample is nebulized in a cloud
chamber and passed into a flame, where the element is dis-
sociated by the heat from its chemical bonds and placed in an
unexcited or ground state. Narrow wavelength light from a
hollow cathode lamp is passed through the flame and some of
the ground state atoms are excited by the radiation. This results
in a net decrease in the intensity of the beam and this can be
measured by a photoelectric detector. The process is therefore
analagous to absorption spectrophotometry for the measure-
ment of molecules.

The hollow cathode lamp takes the form of a cup-shaped
cathode in a space filled with an inert gas. The cathode is made of
the same metal as the one which is to be estimated- e.g. when
measuring calcium, a cathode made of metallic calcium is used.
An electrical potential is applied between the anode and the
cathode, resulting in the cathode being bombarded with gaseous
ions which exchange energy with the element. The element emits
radiation in discrete lines, but some of the secondary lines may
be removed with filters. Double beam instruments are available
which correct for variations in the output of the lamp.

Flameless atomic absorption

This technique can be used for assaying small volumes of
material. The flame described above is replaced by a carbonrod
or tantalum strip onto which the sample is placed. The
temperature of the rod is raised electrically which in turn dries,
ashes and atomizes the sample into the light path.

Further reading: Broughton, P.M.G. and Dawson, J.B. (1972).
Instrumentation in clinical chemistry. In Bodansky, O.and
Latner, A.L. (eds.) Advances in Clinical Chemistry. Vol.
15, p. 288. (New York: Academic Press)

ATOMIC EMISSION FLAME PHOTOMETRY

A technique used in the measurement of certain metal ions,
particularly sodium, potassium, lithium and calcium. It is based
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on the emission of light of a characteristic wavelength by metal
atoms when they are excited by the thermal energy of a flame.

When salts are introduced into a flame, they dissociate to give
neutral atoms. Energy from the flame causes a small proportion
of these to move into a higher energy state. When these excited
atoms fall back into the ground state, light is emitted, the
intensity of which is proportional to the number of atoms
excited.

A flame emission photometer consists of an atomizer by
which the sample is transformed into an aerosol spray before it is
introduced into the flame. In the flame the metal atoms emit
light of a wavelength characteristic to that element. The light
passes through filters or diffraction gratings which isolate a
single spectral line, and its intensity is measured by a photo-
electric device. Internal standards can be used to compensate for
variations in the intensity of the flame, e.g. lithium if sodium and
potassium are being measured.

Further reading: Broughton, P.M.G. and Dawson, J.B. (1972).
Instrumentation in clinical chemistry. In Bodansky, O.and
Latner, A.L. (eds.) Advances in Clinical Chemistry. Vol.
15, p. 288. (New York: Academic Press)

AUSTRALIA ANTIGEN (HEPATITIS B SURFACE
ANTIGEN, HBsAg)

An antigen present in the blood of some patients with viral
hepatitis. It is a marker of the hepatitis B virus. Blood donors are
routinely screened for the presence of Australia antigen, and if it
is found, they are excluded from giving blood.

AUTOANALYZER

A name which is the registered trademark of Technicon In-
struments and by which the continuous flow instruments of that
company are known.

See also: continuous flow analysis

AUTOANTIBODY

An antibody produced by the body against one of its own
components.
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AUTOIMMUNE DISEASES

Diseases in which the body produces antibodies against its own
components. Among the diseases which are thought to have an
autoimmune basis are: primary myxoedema, thyrotoxicosis,
pernicious anaemia, Addison’s disease, Goodpasture’s syn-
drome, myasthenia gravis, some haemolytic anaemias, primary
biliary cirrhosis, active chronic hepatitis, ulcerative colitis,
Sjpgren’s syndrome, rheumatoid arthritis and systemic lupus
erythematosus. See separate entries for some of these diseases.

AUTOMATED IMMUNE PRECIPITATION (AIP)

An automated technique for immunochemical assays, using
continuous-flow instruments. The basis of the technique is the
reaction of antigens in the patient’s sera (e.g. immunoglobulins,
transferrin, or other plasma proteins) with specific antisera. The
immune complexes formed by the antigen-antibody reaction
scatter light and this can be measured by passing the stream
through a fluoronephelometer.

Further reading: Ritchie, R.F., Alper, C.A.,, Graves, J,
Pearson, N. and Larson, C. (1973). Automated quantita-
tion of proteins in serum and other biologic fluids. Am. J.
Clin. Pathol., 59, 151

White, P.A.E. and Strong, R. (1979). Automated im-
munoprecipitation and laser nephelometry, In Milford
Ward, A. and Whicher, J.T. (eds.) Immunochemistry in
Clinical and Laboratory Medicine p. 23 (Lancaster: MTP
Press)

AUTOMATION

The performance of laboratory tests by machines which are
capable of carrying out some or all of the procedures which
would otherwise have to be carried out manually. Such
procedures include pipetting, centrifugation, measurement of
optical density (or some other parameter) and calculations.

See also: centrifugal analysers, continuous flow analysis, dis-
crete analysis
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AZOSTIX

A reagent stick manufactured by Ames for the estimation of
blood urea. The basis of the test is the hydrolysis of urea by
urease to give carbon dioxide and ammonium ions. The latter
causes a change in colour of a pH sensitive dye.

Further reading:. Kutter, D. (1977). Rapid Clinical Diagnostic
Tests. (Munich-Vienna-Baltimore: Urban and Sch-

warzenberg)
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BALANCE STUDIES

Procedures which can be used to give an indication of the status
of certain substances within the body, e.g. fat, calcium, and
nitrogen. Balance studies involve measuring the intake of the
substance and comparing it with the amount lost in faeces and
urine. Positive balances occur when intake exceeds loss, for
example nitrogen and calcium in pregnancy. Negative balances
are found when loss exceeds intake, for example in malabsorp-
tion.

See also: faecal fat

BANTU SIDEROSIS

A form of iron overloading seen among the African population
of Southern Africa. The excess iron intake comes mainly from
beer which is often brewed in iron containers.

See also: haemochromatosis

BARBITURATES
A family of drugs which have the basic formula

R,
|
/N\
o=c¢C <!5=o
R2\c N—H
/s \c/
B
o}

where R = various hydrocarbon
groups, e.g. ethyl, phenyl etc.
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BARBITURATES

Since they act as central nervous system depressants, they have
been prescribed extensively as sedatives although their use is
now being discouraged. Barbiturates are classified into four
types, depending on the duration of their pharmacological
action:

(1) Long-acting, e.g. phenobarbitone
(2) Intermediate-acting, e.g. butobarbitone.
(3) Short-acting, e.g. cyclobarbitone.

(4) Ultrashort-acting, e.g. thiopentone. These are used as
anaesthetic agents and are therefore rarely encountered in
cases of overdosage.

Measurement

(1) Spectrophotometric technique of Broughton. In this
method barbiturates are extracted into chloroform and
then re-extracted back into alkali solution. The extract is
scanned at two different pH’s, when the barbiturate
molecule has different absorption spectra due to its ex-
istence in two different ionized forms. The difference
between the optical densities of the two forms at 260 nm
can be used to calculate the amount of barbiturate present.

(2) Gas-liquid chromatographic or HPLC methods.

(3) Antibodies have been raised against barbiturates enabling
them to be assayed by radioimmunoassay or enzyme-im-
munoassay.

Identification of an unknown barbiturate

(1) Heat treatment of the alkaline extract in the Broughton
procedure. Short-acting barbiturates are more stable to
this treatment than intermediate- or long-acting types.

(2) Chromatographic procedures, e.g. thin-layer or gas-liquid
chromatography.

Further reading: Yeoman, W.B. (1971). Toxicological analysis
in the clinical chemistry laboratory. Ann. Clin. Biochem., 8,

93
Meade, B.W. et al. (1972). Technical Bulletin No. 24.
Simple tests to detect poisons. Ann. Clin. Biochem., 9, 35
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BARRIER LAYER CELL

A device used in some spectrophotometers for measuring the
intensity of light. It consists of a thin layer of silver on a layer of
the semiconductor selenium. These are mounted onto an iron
backing, which because it is deficient in electrons acts as a
positive electrode. The silver layer acts as a negatively charged
electrode. When light falls on the silver layer, electrons flow
from the selenium into the iron backing and this can be detected
by means of a galvanometer. The electron flow is directly
proportional to the intensity of the light falling on the silver
layer.

Further reading: General list of analytical textbooks

BARTTER'S SYNDROME

A rare disorder in which there is hypokalaemia, hyperaldo-
steronism and hyperreninaemia but with normal blood pressure.
It is possible that overproduction of renal prostaglandins may be
a factor in the pathogenesis of the disease.

Further reading: Editorial (1976). Bartter’s syndrome. Lancet,
2, 721

BASAL METABOLIC RATE

An indication of the rate of metabolism in the body which
consists of measuring the O, intake and CQO, output. It can be
used to assess the thyroid status of the body, since thyroid
hormones influence the rate of many metabolic processes.

See also: thyroxine

BASE DEFICIT

See: base excess

BASE EXCESS

This is defined as the number of millimoles of acid required to
titrate one litre of blood to a pH of 7.4 at a PCO, of 5.3kPa
(40 mmHg) at 37 °C. It is usually determined indirectly. Positive
values indicate a relative deficit of non-carbonic acid while
negative values indicate a relative excess of non-carbonic acid in
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the blood. Negative values of the base excess are sometimes
referred to as the base deficit.

See also: Astrup

BEER’S LAW

The amount of light absorbed by a solution is proportional to
the number of absorbing molecules in it.

See also: absorption

BENCE-JONES PROTEIN

A protein found in the urine of many patients with immuno-
cytomas. They are monoclonal light chains or fragments of light
chains which have been produced in amounts greater than those
of the heavy chains. Because of their low molecular weight they
pass through the glomerulus and are excreted in the urine.
Bence-Jones proteins can form casts in the renal tubules and
may also be involved in amyloid deposition in tissues. Bence-
Jones proteinuria may be detected by Bradshaw’s test or by
Osgood-Haskin’s test. Immunoelectrophoresis of the concen-
trated urine is however the most reliable method for its detec-
tion.

See also: myeloma

Further reading: Hobbs, J.R. (1975).Bence-Jones proteins. In
Marks, V. and Hales, C.N., (Eds.) Essays in Medical
Biochemistry, Vol. 1., p. 105. (London: The Biochemical
Society and the Association of Clinical Biochemists)

BENEDICT'S TEST

A test for the presence of reducing substances in urine.
Benedict’s reagent contains cupric ion complexed with citrate in
alkaline solution. Glucose or other reducing substances reduce
cupric ion to cuprous ion, resulting in the formation of yellow
cuprous hydroxide or red cuprous oxide depending on the
amount of reducing substance present.

See also: reducing substances in urine
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BENIGN PARAPROTEINAEMIA

The term used to describe the situation in which a paraprotein
has been found in the blood of a patient who has no evidence of a
malignant condition such as myeloma or macroglobulinaemia.
A benign paraproteinaemia is indicated if the paraprotein level
fails to rise over a period of years.

See also. paraprotein

BENZODIAZEPINES

A family of drugs which are widely prescribed as tranquilizers
and sleeping pills. Examples include diazepam (Valium),
nitrazepam (Mogadon) and chlordiazepoxide (Librium). They
are frequently taken in suicide attempts and can be detected in
biological fluids by a number of techniques including examina-
tion of their absorption spectra following extraction. Diazo-
tization reactions can also be used for their detection.

Further reading: Clifford, J.M. and Smyth, W.F. (1974). The
determination of some 1,4-benzodiazepines and their
metabolites in body fluids. A review. The Analyst, 99, 1178

BERTHELOT REACTION

In the presence of the catalyst nitroprusside, ammonia reacts
with hypochlorite and phenol to give indophenol, which is
coloured blue in alkaline solution. This reaction can therefore be
used to estimate blood ammonia. It can also be used to measure
urea when used in conjunction with the enzyme urease which
catalyses the conversion of urea to ammonia.

See also: ammonia, urea

BIAL’'S TEST

A test which can be used for the detection of urinary pentoses.
When heated with hydrochloric acid, pentoses are converted to
furfural which reacts with orcinol to form green coloured com-
pounds.

BIAS

A factor which causes a variation in the value of a parameter
from what it should actually be. This may be caused by for
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example a particular method, a particular instrument or a
particular operator. The term can also be used in the same sense
as accuracy.

See also: quality control

BICARBONATE

An important component of acid-base homeostasis. It exists in
equilibrium with carbonic acid and carbon dioxide as follows:

CO, + H,0 = H,C0, —— H* + HCO,"

When the Henderson-Hasselbalch equation is applied to these
reactions, bicarbonate can be related to pH as follows:

[HCO, ] [HCOs]
[H,CO; ] (CO.

[HCO;] can be regarded as the metabolic component of the
acid-base picture while the [CO,] or PCO, can be regarded as
the respiratory component. Thus a change in one of these
components may result in a compensatory change in the other
component in order to maintain the pH within normal limits.

Increases in plasma bicarbonate

(1) In compensated respiratory acidoses such as chronic
obstructive airway diseases. In these conditions, the PCO,
increases and this can be followed by a compensatory rise in
bicarbonate to maintain the pH within normal limits.

(2) In metabolic alkiloses, e.g. excessive alkali ingestion or
potassium depletion.

Decreases in plasma bicarbonate

(1) In compensated respiratory alkaloses that result from
hyperventilation. In these conditions, the PCO, decreases
and this is followed by a compensatory fall in bicarbonate,
thus maintaining the pH within normal limits.

(2) In metabolic acidoses, e.g. diabetic ketoacidosis and renal
failure.
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Measurement

Bicarbonate in blood is difficult to determine as such. There are
several different approaches to its determination:

(1)

@

Methods in which bicarbonate is liberated as carbon
dioxide. When plasma is treated with acid, carbon dioxide
is liberated. This carbon dioxide is derived from dissolved
CO,, carbonic acid, and bicarbonate (see above equation)
and is known as total CO,. The CO, liberated can be
measured by one of several different techniques:

(a) Gasometric methods. The volume of gas liberated can
be measured using equipment such as the Van Slyke
apparatus or the Natelson microgasometer. In some
methods a small correction may beapplied toallow for
the relatively small fraction of dissolved CO, and
carbonic acid.

A variation on the gasometric type of analysis is the
‘alkali reserve’ or the ‘CO, combining power’. This is
the plasma CO, content after equilibration of the
plasma at a PCO, of 5.3kPa (40mmHg). It is an
attempt to replace the CO, which has been lost during
the collection of the specimen with the alveolar air of a
normal person.

(b) Titrimetric methods. In these techniques the excess
acid added to the sample is back-titrated with stan-
dard alkali.

(¢) Continuous flow methods. The plasma sample is
diluted in acid. The liberated CO, is separated by a
trap and is used to segment a stream of buffered
phenolphthalein. The change in the intensity of the
red colour of the phenolphthalein depends upon the
pH and therefore the CO, content. Sodium carbonate
solutions are used as standards.

PEP carboxylase methods. Treatment of the plasma with
an alkaline buffer results in the conversion of the dissolved
CO,, bicarbonate and carbonic acid to the bicarbonate
form. The bicarbonate is made to react with a phos-
phoenolpyruvate (PEP) carboxylase/malate dehydro-
genase coupled enzyme system as follows:

phosphoenolpyruvate PEP carboxylase ~ OXaloacetate
+ bicarbonate —— + phosphate

oxaloacetate + NADH _Malate dehydrogenase o156 + NAD
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The change in the absorbance at 340 nm, due to the
disappearance of NADH, is directly proportional to the
bicarbonate concentration. This method is used on several
discrete analysers.

(3) Standard bicarbonate. This is the concentration of bicar-
bonate in whole blood at 37 °C equilibrated at a PCO, of
5.3kPa (40 mmHg) with the blood haemoglobin fully
oxygenated. It can be derived if pH measurements are
taken of two portions of the blood specimen equilibrated
with two different gas mixtures of different PCO, content.
See Astrup for details of the measurement and standard
bicarbonate for explanation of the usefulness of its deter-
mination.

(4) Several of the modern automatic blood gas analysers
calculate both ‘actual’ and standard bicarbonate from
measurements of pH and PCO,, using the Hender-
son-Hasselbalch equation.

BILE

A secretion of the liver which is stored in the gall bladder. Bile
contains among other things bile salts, conjugated bilirubin,
cholesterol and phospholipids. It eventually passes into the
intestine where the bile salts assist digestion by emulsifying fats.

See also: bile acids and salts

BILE ACIDS AND SALTS

Two primary bile acids are synthesized in the liver from
cholesterol. These are cholic acid and chenodeoxycholic acid.
They are conjugated with the amino acids, glycine and taurine,
to form bile salts (for example taurine may be conjugated with
cholic acid to give taurocholic acid). The bile salts are excreted in
the bile, and in the gut they are acted upon by bacteria which
convert them to the secondary bile acids, deoxycholic acid and
lithocholic acid. Some of the secondary bile acids are absorbed
and carried by the enterohepatic circulation to the liver where
they are re-excreted.

Function
Bile salts possess both polar and non-polar ends and are thus
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able to coalesce into micelles with the polar (water soluble)
groups on the outside and the non-polar groups in the centre
forming a lipid soluble environment. In this way they are able to
assist in the emulsification and absorption of fat.

Pathology

Increased levels of bile acids in the serum are found in hepatitis
and obstructive jaundice. In cholestatic liver disease, there can
be a deficiency of bile salts in the intestine and this leads to fat
malabsorption. Disturbances in bile acid composition may be
one of the factorsinvolved in gallstone formation because it may
lead to conditions favouring cholesterol precipitation.

Measurement

Techniques such as fluorimetry or gas-liquid chromatography
are required to measure bile acids in the serum. Excess bile acids
in the urine can be detected by the Hay test or the Pettenkofer
reaction. In the Hay test, flowers of sulphur are dropped onto
the urine. If excess bile acids are present, the surface tension is
lowered and the particles sink, whereas with normal urine, they
float. The Pettenkofer test is the reaction of bile acids with
fructose or furfural to form a red colour in the presence of
sulphuric acid.

Further reading: General list of clinical textbooks

BILE PIGMENTS
The term used to describe bilirubin and its breakdown products.

See: bilirubin

BILIARY CIRRHOSIS
See: primary biliary cirrhosis

BILIRUBIN

Metabolism

Red blood cells are broken down by the reticulo-endothelial
system and the released haemoglobin is split into haem and the
protein, globin. The haem molecule is then split to give biliver-
din which is rapidly converted to bilirubin. The bilirubin is
carried to the liver bound to plasma albumin. At this stage it is
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unconjugated and because it is water insoluble it does not appear
in the urine

The bilirubin enters the liver cells where it is conjugated with
glucuronic acid by means of the glucuronyl transferase system to
form water soluble diglucuronide derivatives. These are ex-
creted in the bile and pass into the gut. In the colon, bacteria
reduce bilirubin to mesobilirubinogen, urobilinogen and ster-
cobilinogen, this group of pigments being known collectively as
faecal urobilinogen. A portion of this is absorbed into the
circulation and from this a small proportion is excreted in the
urine. The majority however is re-excreted in the bile where it
can be oxidized to urobilin.

Disturbances of bilirubin metabolism

Increases in plasma bilirubin cause jaundice and this may arise
because of several categories of disorder:

(1) There may be increased bilirubin production, e.g. as a
result of haemolysis. In this type of jaundice, the serum
bilirubin is of the unconjugated variety.

(2) There may be defective uptake of bilirubin by the liver cell
as in Gilbert’s disease. Again, the bilirubin is of the
unconjugated variety.

(3) There may be failure of the liver to conjugate bilirubin as in
physiological neonatal jaundice. Another condition where
this occurs is Crigler—Najjar syndrome where there is a
deficiency of the glucuronyl transferase system. In these
conditions, the bilirubin is mainly of the unconjugated
variety.

(4) There may be a failure to excrete the conjugated bilirubin
and this may occur in cholestatic conditions, (e.g. gall-
stones, biliary cirrhosis) and the congenital Dubin-Johnson
syndrome. In this group of diseases there is a rise in con-
jugated as well as unconjugated bilirubin.

Measurement of bilirubin in serum
There are two approaches to bilirubin quantitation in serum:

(1) Spectrophotometric Bilirubin absorbs light at 461 nm, the
amount of light absorbed being proportional to its concen-
tration. However, haemoglobin, which may be presentasa
result of haemolysis, also absorbs light at 461 nm so a
correction has to be made for this. This is done by measur-
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ing the absorbance of the sample at 551 nm where
haemoglobin has the same absorbance as it does at 461 nm.
Subtraction of the absorbance at 551 nm from the absor-
bance at 461 nm gives the corrected absorbance due to
bilirubin alone. This can be related to a standard curve and
the bilirubin content determined. There are several in-
struments on the market which measure simultaneously
the absorbances at these two wavelengths and give a direct
readout of the bilirubin concentration.

Diazo methods Many laboratories estimate bilirubin by its
reaction with diazotized sulphanilic acid to form azo-
bilirubin (the Van den Bergh reaction). Conjugated
bilirubin reacts rapidly and is therefore sometimes referred
to as direct-acting bilirubin. On the other hand, uncon-
jugated bilirubin will only react if an accelerating agent is
present and this is referred to as the indirect reaction.

Many modifications of the Van den Bergh reaction have
been tried, using different accelerators. Among these
accelerators are methanol (Malloy and Evelyn), ethanol
(King and Coxon), benzoate and urea (Powell), diphylline
(Michaelson) and caffeine/benzoate (Jendrassik and
Grof). This latter method is one of the most widely used. In
this technique the diazotization reaction is terminated by
the addition of ascorbic acid which destroys the excess
diazo reagent. Alkali is added at the end of the reaction to
give a more stable colour and also to dissolve any proteins
that may have been precipitated.

As well as diazotized sulphanilic acid, other diazo
reagents have been tried, e.g. 2,4-dichloroaniline.

Bilirubin standardization has always been a problem because
of its instability. Bilirubin can be purchased and used as a
standard, either in chloroform or added to serum. Alternatively
some laboratories use commercially assayed sera with assigned
values. Another alternative to bilirubin standardization is to use
another more stable chromogen, e.g. methyl red.

Detection of bilirubin in urine

Bilirubin in urine can be detected by a diazotization reaction
(e.g. the Ictotest marketed by Ames) or by its reaction with ferric
chloride (Fouchet’s test).

Further reading: General list of analytical and clinical text-

books
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BILIVERDIN

A green pigment formed from haemoglobin following the
degradation of red blood cells. It is rapidly converted to
bilirubin.

See also: bilirubin

BIOTIN

A water-soluble vitamin of the B group. It is an essential
coenzyme for carboxylase reactions in man. Dietary deficiency
is rare but when it occurs produces the symptoms of alopecia
and dermatitis.

Further reading. General list of clinical textbooks

BISALBUMINAEMIA

A rare inborn error in which the albumin of an affected in-
dividual separates into two distinct peaks during serum protein
electrophoresis. There do not appear to be any pathological
consequences of the condition.

Further reading: Bearn, A.G. and Litwin, 8.D. (1978).
Deficiencies of circulating enzymes and plasma proteins. In
Stanbury J.B., Wyngaarden, J.B. and Fredrickson, D.S.
(eds.) The Metabolic Basis of Inherited Disease, 4th Edn.,
p. 1712. (New York: McGraw-Hill.)

BIURET REACTION

A reaction between the peptide bonds of proteins and cupric
ions in alkaline solution to form a coloured chelated complex of
unknown composition. Because an analagous reaction takes
place between cupric ions and the organic compound biuret
(NH,-CO-NH-CO-NH,) the reaction is referred to as the biuret
reaction. The intensity of the colour produced is proportional to
the number of peptide bonds reacting and it can therefore be
used as a method of protein quantitation.

See also: proteins

BLIND LOOP SYNDROME

A condition in which there is stagnation of intestinal contents
which aids bacterial multiplication in the small intestine. The
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bacteria can metabolize bile salts and this results in fat malab-
sorption and steatorrhoea. Vitamin B, deficiency may also
occur since many bacteria take up the available vitamin B,,.
Blind loop syndrome can occur as a result of surgery or in the
presence of diverticula.

Further reading: General list of clinical textbooks

BLOOD GASES

Strictly speaking the levels of oxygen and carbon dioxide in the
blood. In practice, a full blood gas analysis also involves
measuring other acid—-base parameters in addition, e.g. pH and
bicarbonate.

See also: bicarbonate, carbon dioxide, oxygen, pH

BLOOD UREA NITROGEN (BUN)

A method of expressing urea concentrations favoured in North
America. It enables the amount of nitrogen in urea to be
compared with that of other non-protein nitrogencomponentsin
body fluids.

See also: urea

BLOOD VOLUME

In normal subjects blood volume is approximately 80 ml/kg
body weight. It can be determined by measuring the dilution of
an injection of radioactively labelled red cells. Alternatively
plasma volume may be determined using radioactively labelled
albumin and if the packed cell volume is known, the blood
volume may be calculated.

BODANSKY UNIT

One of the units by which alkaline phosphatase activity can be
expressed. It is defined as the enzyme activity in 100 ml of serum
which will liberate 1mg of phosphorus from p-glycero-
phosphate at pH 8.6 in one hour at 37°C.

See also: alkaline phosphatase
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BODY SURFACE AREA

This must be taken into consideration in renal studies, since
clearance is proportional to body surface area. It can be
calculated from the weight and height of the individual.

BODY WATER

A 70 kg man contains about 45 litres of water, of which about
45% is extracellular and 55% intracellular. Normally water
intake and output are balanced, the amount lost in urine, faeces,
sweat and expired air being replaced by water taken in food and
drink.

See also: water balance

BOHR EFFECT

An alteration in the affinity of haemoglobin for oxygen.
Decreases in blood pH or increases in PCO, cause the
haemoglobin dissociation curve to move to the right. Alter-
natively an increase in blood pH or a decrease in PCO, cause the
curve to move to the left.

See also: haemoglobin, Ps,.

BONE

A tissue consisting of a collagenous protein matrix impregnated
with mineral salts especially hydroxyapatite (a form of calcium
phosphate). Cells called osteoblasts are involved in the forma-
tion of the collagen fibre network. Also present in bone are cells
called osteoclasts which are responsible for bone resorption.

Osteoblasts contain high levels of alkaline phosphatase and
this enzyme may be involved in the hydrolysis of phosphate
esters, leading to calcium phosphate deposition.

See also: calcium

BORON

Boron is found in boric acid and borate salts which are used as
mild antiseptics or for laundering. Occasionally cases of poison-
ing may be encountered. Borates can be detected in the urine of
such subjects by their reaction with turmeric yellow to give a red-
brown colour.

Further reading. General list of analytical textbooks
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BOVRIL TEST

A test for growth hormone deficiency based on the fact that
growth hormone secretion normally increases in response to
amino acids. In this test, amino acids in the form of Bovril are
given orally and samples of blood are taken for growth hormone
estimation. Failure of growth hormone levels to rise significant-
ly are an indication of possible growth hormone deficiency. This
test is particularly useful as a screening test in children.

See also: human growth hormone

BRADSHAW’S TEST

A test for Bence Jones protein in urine. A few millilitres of urine
are carefully placed onto concentrated hydrochloric acid. If
Bence Jones protein is present, a layer of turbidity appears at the
interface. The test has a false-negative rate of about 5%. False
positives can occur if other proteins are present in large
amounts, e.g. as in nephrotic syndrome.

See also: Bence Jones protein

BROMIDES

Bromide drugs, in either organic or inorganic form, are used as
sedatives. Bromide in serum can be measured by its reaction
with gold trichloride, when it displaces the chloride resulting in
the formation of gold tribromide which can be measured
spectrophotometrically.

Further reading. General list of analytical textbooks

BROMOCRESOL GREEN

A dye which can bind to albumin, resulting in a change in the
spectral characteristics of the dye. This can be used as the basis
of a method for determination of serum albumin.

See also: albumin

BROMOCRIPTINE

A drug which inhibits prolactin secretion by its action on the
pituitary. It is used clinically to suppress puerperal lactation and
in the treatment of hyperprolactinaemic hypogonadism. It also
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affects growth hormone release and has been used in treating
acromegaly.

Further reading: Lees, A.J. (1977). Bromocriptine. Br. J. Hosp.

Med., 18, 336

Jacobs, H.S. and Wright, C.S. (1978). Bromocriptine in
obstetrics and gynaecology. Br. J. Hosp. Med., 20, 652

Lewis, M.J. (1978). Bromocriptine in hypertension. Br.
J. Hosp. Med., 20, 661

Stern, G. and Lees, A. (1978). Bromocriptine in Parkin-
son’s disease. Br. J. Hosp. Med., 20, 666

Harrower, A.D.B. (1978). Bromocriptine in anorexia
nervosa. Br. J. Hosp. Med., 20, 672

BROMSULPHTHALEIN TEST

A test that can be used to assess liver function when other liver
function tests are normal. It is a test of the ability of the liver to
conjugate and excrete the dye bromsulphthalein (BSP). It con-
sists of an intravenous injection of the dye followed by the
collection of blood specimens up to 45 minutes after the injec-
tion. Bromsulphthalein is then measured in the serum samples
by adding alkali which renders the dye purple. In normal
subjects less than 5% of the dose should remain in the circulation
after 45 minutes. Increased retention of BSP is a sensitive index
of hepatic dysfunction although false positives may occur if
there is impaired circulation in the liver.

See also: liver function tests

BRUTON’S DISEASE

See: sex-linked agammaglobulinaemia

BUFFY LAYER

This blood fraction contains white blood cells and platelets.
Ascorbic acid (vitamin C) is carried mainly in the white blood
cells and so its measurement in the buffy layer gives an indica-
tion of the vitamin C status of the body.

See also: ascorbic acid
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BUTANOL-EXTRACTABLE IODINE

A method of thyroid hormone estimation which consists of
extracting iodinated amino acids from serum using n-butanol.
The extract is washed with alkali which removes inorganic
iodine and mono- and di-iodotyrosines, leaving behind tri-
iodothyronine and thyroxine. The butanol extract can then by
evaporated to dryness and analysed for iodide content.

See also: thyroxine
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C3 (3¢ -GLOBULIN)

The component of the complement system which is present in
the serum in the greatest amount, enabling it to be measured by
routine immunochemical techniques such as radial immuno-
diffusion. C3 levels are often measured as an indication of the
overall activity of the complement pathway.

It behaves electrophoretically as a -globulin. Upon ageingin
serum it breaks down into two fragments, 3, Aand o, D. These
fragments of C3 still have antigenic determinants which enable
them to react with antiserum raised against C3. Hence C3 levels
are often expressed in terms of 3, /3, A-globulin.

Low serum levels

These are usually indicative of increased complement utilization
and are thus found in those diseases which have an immune
element.

(1) In glomerulonephritis when autoantibodies or immune
complexes are adsorbed onto the basement membrane
activating complement and in this way damaging the mem-
brane.

(2) Similar mechanisms probably occur in the renal com-
plications of systemic lupus erythematosus, when immune
complexes can be deposited in the glomeruli.

(3) In acquired haemolytic anaemias.

(4) In liver diseases (due to decreased synthesis).
High serum levels

These occur in acute inflammatory conditions.

See also: complement

C4 (3,E-GLOBULIN)

One of the nine major components of the complement system.
Apart from C3, it is the complement component present in the
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greatest amounts in serum, and therefore, along with C3, it can
be measured as an indication of the overall activity of the
complement system. Immunochemical techniques (e.g. radial
immunodiffusion) are used for its assay.

See also: complement

CADMIUM

Exposure to cadmium can cause renal tubular damage resulting
in an aminoaciduria. The element itself is usually measured by
atomic absorption spectrophotometry.

Further reading. Special Issue. (1975). Trace elements in
clinical chemistry. Clin. Chem., 21 (4)

CAERULOPLASMIN

A plasma protein having a molecular weight of approximately
160 000 and having a,-globulin mobility. Itisinvolved in copper
transport and contains more than 90% of the plasma copper.
Decreased plasma levels are found in Wilson’s disease.

Measurement

(1) Caeruloplasmin behaves as an oxidase and can be
measured by its enzymic activity using p-phenylene-
diamine as a substrate.

(2) It can also be determined immunochemically by e.g. radial
immunodiffusion or the Laurell “rocket” technique.

See also: Wilson’s disease

Further reading: Gutteridge, J.M.C. (1978). Caeruloplasmin: a
plasma protein, enzyme and antioxidant. Ann. Clin.
Biochem., 15, 293

CAFFEINE STIMULATION TEST

A test of the ability of the stomach to secrete hydrochloric acid in
response to caffeine which is introduced into the stomach by
means of a tube. In normal subjects caffeine stimulates gastric
acid secretion.

See also: Diagnex Blue test
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CALCIFEROL

CALCIFEROL

See: vitamin D

CALCITONIN

A polypeptide hormone, consisting of 32 amino acids, produced
in the C cells of the thyroid gland. It is involved in calcium
homeostasis, its main action being to decrease osteoclastic
activity and therefore reduce bone resorption. Calcitonin also
has a phosphaturic effect. It is secreted in response to high
ionized calcium levels. High serum levels are found in patients
with medullary carcinoma of the thyroid. It is usually measured
by radioimmunoassay.

See also: calcium

CALCIUM

Role

More than 999, of the body’s calcium is present in bone as
calcium fluorophosphate apatite. Calcium is also involved in
neuromuscular excitability and nervous impulse transmission,
blood coagulation and in the transfer of inorganic ions across
cell membranes.

Intake

Calcium is absorbed in the upper small intestine, a process which
is promoted by vitamin D. Optimal absorption occurs at acid
pHs. High dietary concentrations of phosphate, phytate or
oxalate decrease absorption because of complex formation.

Serum calcium

Calcium in serum is present in three distinct forms:

(1) The non-diffusible protein-bound form.

2) Coxﬁplexed with certain ions, e.g. citrate, phosphate.
(3) Ionized calcium. This is the physiologically active form.

Control of serum calcium levels

Three hormonal mechanisms are involved in calcium
homeostasis.
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(Al) Parathyroid hormone (PTH) raises the serum ionized
calcium level by three types of action.

(@) It acts directly on bone osteoclasts, releasing bone
salts.

(b) It causes decreased phosphate reabsorption in the
tubules. This decreases serum phosphate and
therefore by a mass action effect causes release of
phosphate salts (and therefore calcium) from bone.

() It increases the synthesis of 1,25-dihydroxy-
cholecalciferol which increases calcium absorption
from the gut.

(2) Vitamin D increases the intestinal absorption of calcium.

(3) Calcitonin, produced by the thyroid, reduces plasma
calcium levels by decreasing osteoclastic activity.

Hypercalcaemia
Hypercalcaemia can result in:

(1) Deposition of calcium in the kidney leading to renal
failure.

(2) Decreased neuromuscular excitability.

(3) Cardiac arrest.

Among the more common causes of hypercalcaemia are:

(1) Primary hyperparathyroidism e.g. parathyroid adenoma.

(2) Tertiary hyperparathyroidism. This is when the
parathyroid gland has been under prolonged stimulation
by low serum ionized calcium with the result that when the
cause of the hypocalcaemia has been removed, hypersecre-
tion of PTH has become autonomous.

(3) Ectopic production of PTH.
(4) Vitamin D overdosage.

(5) Sarcoidosis.

(6) Mpyeloma.

(7) Thyrotoxicosis.

(8) Certain cases of breast carcinoma (thought to be due to the
production of a substance with vitamin D like properties)
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Hypofcalcaemia

Low ionized calcium levels result in tetany, and prolonged
hypocalcaemia causes cataracts and mental symptoms. Among
the more common causes of hypocalcaemia are-

(1) Hypoparathyroidism and pseudohypoparathyroidism.
(2) Calcium and vitamin D deficiency.
(3) Renal failure.

Urinary calcium

If renal function is normal, any form of hypercalcaemia causes
hypercalcuria, although hypercalcuria without hypercalcaemia
is found in the not uncommon condition of idiopathic hyper-
calcuria.

Measurement of calcium in body fluids

(1) Precipitation techniques. Calcium can be precipitated as
calcium oxalate and the oxalate can be measured by its
reaction with potassium permanganate.

In another technique calcium can be precipitated as
calcium chloranilate which can be estimated
colorimetrically.

(2) Titration methods. A diluted sample of the fluid is titrated
with EDTA in the presence of an indicator dye (e.g. calcein,
murexide, Eriochrome Black T) which is bound as a
complex to calcium. When all the calcium present has been
chelated by EDTA the spectral characteristics of the dye
are changed and this can be detected fluorimetrically or
colorimetrically. Magnesium interference in some of these
methods can be eliminated by titration at analkaline pH at
which magnesium is precipitated as magnesium hydroxide.

(3) Calcium can be estimated by its formation with cresol-
phthalein complexone to form a coloured complex.
8-Hydroxyquinoline can be added to bind magnesium and
prevent interference from this ion. Other complexingagents
have been tried, e.g. methylthymol blue. This type of method
is used in many continuous flow and discrete analysers.

(4) Atomic absorption methods. The main problem with these
methods is that anions such as phosphates bind to calcium
and these compounds do not dissociate in the flame,
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causing falsely low results. This interference can be over-
come by adding lanthanum which preferentially binds with
phosphate and prevents the formation of calcium
phosphate.

Ionized calcium

This is the form of calcium which is physiologically active in the
serum. There are several approaches to its determination.

(1) By calculation. There are several formulae which can be
used to calculate ionized calcium from the total serum
calcium and the protein level.

(2) By ion-selective electrodes.
(3) By ultrafiltration or ultracentrifugation.

Further reading: Wills, M.R. (1974). Hypercalcaemia. Br. J.
Hosp. Med.,, 11, 279
Editorial (1977). Correcting the calcium. Br. Med. J., 1,
598
Editorial (1977). Dietary calcium. Br. Med. J., 2, 1105
Editorial (1979). Serum calcium. Lancet, 1, 858

CALCIUM PYROPHOSPHATE

Precipitation of calcium pyrophosphate crystals in joint cavities
causes pseudogout which is clinically similar to gout. Calcium
pyrophosphate crystals can be distinguished from uric acid
crystals using a polarizing microscope.

Further reading: Scott, J.T. (1975). The analysis of joint fluids.
Br. J. Hosp. Med., 14, 653

CALCULUS

This is a stone which may be formed in secreting organs or their
ducts. They have been found in the salivary gland, pancreas and
prostate but are most frequently encountered in the urinary tract
and gall bladder. Urinary calculi usually consist of calcium,
magnesium, oxalate, carbonate or phosphate but occasionally
‘uric acid, cystine and xanthine stones occur as a result of a
metabolic disease. Cholesterol and bilirubin are found in biliary
stones.
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CARBAMYLPHOSPHATE SYNTHETASE DEFICIENCY

A rare inborn error of metabolism in which there is a deficiency
of this urea cycle enzyme. Hyperammonaemia is a feature of the
disease.

Further reading: Shih, V. (1978). Urea cycle disorders and.other
congenital hyperammonaemic syndromes. In Stanbury,
J.B., Wyngaarden, J.B. and Fredrickson, D.S. (eds.) The
Metabolic Basis of Inherited Disease, 4th Edn., p. 362.
(New York: McGraw-Hill)

CARBON DIOXIDE

This is formed in the tissues from the oxidation of fats and
carbohydrates. It is eventually excreted in the lungs. In the blood
it exists in equilibrium with carbonic acid and bicarbonate as
foliows:

CO, + H,0 == H,C0, — H* + HCOy

From the Henderson-Hasselbalch equation, the pH of the
blood can be expressed as:

Hee bicarbonate concentration
CO, concentration

The concentration of CO, in blood is usually represented as
PCO,, the partial pressure of CQO,. Bicarbonate concentration
can be regarded as the metabolic component of acid-base
homeostasis while CO, can be regarded as the respiratory
component. Thus a primary change in one of these components
as a result of a clinical condition can result in a compensatory
change in other component. Raised blood PCO, occurs in
respiratory acidosis (as in chronic obstructive airway disease)
and compensated metabolic alkalosis. Low blood PCQ, is found
in respiratory alkalosis (hyperventilation) and in compensated
metabolic acidosis.

Measurement of PCO,

(1) PCO, can be measured directly by a PCO, electrode (the
Severinghaus electrode). This is essentially a pH electrodt
in contact with a bicarbonate solution. It is separated fron
the sample by a membrane which is permeable to gas but no
to solutions. CO, diffuses across the membrane from thi
sample into the bicarbonate solution. This results in ;
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change in the pH, caused by a re-equilibration of the
components in the Henderson-Hasselbalch equation. This
pH change can be detected by the electrode.

The PCO, can be determined by equilibration methods in
which the blood is equilibrated with two gases with
different, but known, PCO, values. For more details of this
technique see under Astrup.

Further reading: Davenport, HW. (1974). The ABC of

Acid-Base Chemistry. 6th Edn. (Chigago: The University
of Chicago Press)

Siggaard-Anderson, O. (1974). The Acid-Base Status of
the Blood. 4th Edn. (Copenhagen: Munksgaard)

CARBON DIOXIDE COMBINING POWER

See: alkalireserve

CARBONIC ANHYDRASE (CARBONATE DEHYDRATASE)

An enzyme which catalyses the interconversion of CO, and
carbonic acid as follows:

CO, + H,0 = H,CO,

It is particularly important in three respects.

M

@

3)

In the gastric acid secreting cells of the stomach where it is
involved in the secretion of hydrochloric acid.

In the red blood cells. At the tissues, where CO, is being
produced, it catalyses the formation of H,CO, from H,0
and CO,. At the lungs, the reverse occurs and this assists in
the elimination of CO,.

In the renal tubular cells where it catalyses the formation of
H,CO, from H,0 and CO,. The H,CO; dissociates to give
H+* and HCO;~. H* is secreted in the urine, while the bic-
arbonate is retained.

Further reading: General list of clinical textbooks

CARBON MONOXIDE
See: carboxyhaemoglobin
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CARBOXYHAEMOGLOBIN

A compound formed by the combination of carbon monoxide
with haemoglobin. Carboxyhaemoglobin is more stable than
oxyhaemoglobin (i.e. gives up carbon monoxide less easily than
oxygen) and, as a consequence, tends to accumulate in the
blood, resulting in tissue anoxia. The absorption spectrum of
carboxyhaemoglobin is different from that of oxyhaemoglobin,
the former being more pink in colour. These different spectral
characteristics, can be used as a means of identifyingand measur-
ing carboxyhaemoglobin levels.

Measurement

(1) Carboxyhaemoglobin can be estimated by its
characteristic absorption spectrum using spectro-
photometric or spectrographic techniques.

(2) It can be measured indirectly by releasing carbon monox-
ide from the haemoglobin complex and measuring the gas,
e.g. by gasometric techniques, gas chromatography, infra
red spectroscopy or microdiffusion using a Conway unit.
In this last technique, the reduction of palladium chloride
by carbon monoxide to metallic palladium is estimated
colorimetrically.

Further reading: Yeoman, W.B. (1971). Toxicological analysis
in the clinical chemistry laboratory. Ann. Clin. Biochem., 8,

93.
Meade, B.W., et al. (1972). Technical Bulletin No. 24.
Simple tests to detect poisons. Ann. Clin. Biochem., 9, 35

CARBROMAL

A bromine-containing drug used in combination with pentobar-
bitone as a hypnotic. It can be detected in gastric aspirates by a
simple screening test.

Further reading: Meade, B.W., et al. (1972). Technical Bulletin
No. 24. Simple tests to detect poisons. Ann. Clin. Biochem.,
9,35

CARCINOEMBRYONIC ANTIGEN

A glycoprotein which is normally only present in the fetus. In
adults it is produced by malignant tumours of the gastro-
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intestinal tract, and therefore can be measured as an indicator of
malignancy. However its usefulness may be limited as it is also
produced in non-malignant diseases of the gastrointestinal tract
such as ulcerative colitis and Crohn’s disease. It can be measured
by radioimmunoassay.

Further reading: Munro Neville, A. and Cooper, E.H. (1976).
Biochemical monitoring of cancer. Ann. Clin. Biochem., 13,
283

CARCINOID SYNDROME

This is a tumour of argentaffin cells (cells which stain with silver
salts), usually sited in the ileum or appendix, or less commonly
in the bronchus, pancreas or stomach. These cells normally
synthesize the hormone serotonin (5-hydroxytryptamine) which
is a powerful smooth-muscle stimulant and vasoconstrictor. In
carcinoid syndrome this hormone is secreted in excess amounts.
The clinical symptoms of this condition include flushing,
diarrhoea and bronchospasm. Carcinoid syndrome can be
diagnosed biochemically by detection of the serotonin
metabolite, 5-hydroxyindoleacetic acid, in excess amounts in
the urine.

See also: 5-hydroxyindoleacetic acid, S-hydroxytryptamine

CARMINE
An inert dye which can be used as a faecal marker.

See also: faecal markers

CARNOSINAEMIA

A rare inborn error of metabolism in which there is a deficiency
of the enzyme carnosinase which converts carnosine to -alanine
and histidine. Mental retardation is a clinical feature.

Further reading. Scriver, C.R., Nutzenadel, W. and Perry, T.L.
(1978). Disorders of f-alanine and carnosine metabolism.
In Stanbury, J.B., Wyngaarden, J.B. and Fredrickson,
D.S. (eds.) The Metabolic Basis of Inherited Disease, 4th
Edn., p. 528. (New York: McGraw-Hill)
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R-CAROTENE

SB-CAROTENE

A fat-soluble substance, found in many plants, especially
carrots. It can be hydrolysed in the intestine to give vitamin A.

Increases in serum levels

Increased serum carotene levels are found in some cases of
hypothyroidism and when the dietary intake of carotenes is
high.

Decreases in serum levels
Low serum carotene levels are found in steatorrhoea.
Measurement

(1) f-Carotene can be extracted from serum with petroleum
ether and the yellow colour measured spectro-
photometrically.

(2) pB-Carotene can also be determined by its reaction with
trifluoroacetic acid to produce a blue colour (Neeld-Pear-
son reaction).

See also: vitamin A

CAROTENE TOLERANCE TEST

A test of fat malabsorption which consists of measurement of
serum carotene following the administration of an oral load of
J-carotene to the patient. In normal subjects the serum
carotenoid level rises, whereas in patients with malabsorption
the serum level remains low.

See also: vitamin A absorption test

CARR-PRICE REACTION

The reaction of vitamin A with antimony trichloride in
chloroform to produce a blue colour. It can be used for the
estimation of vitamin A in serum

See also: vitamin A

CASTS

These are structures formed in the renal tubules whose shape
they take. They eventually pass into the urine and can thus be
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examined microscopically. There are several varieties of cast
and their detection can be of diagnostic significance. Hyaline
casts for instance are found in all kidney diseases, whereas
granular, epithelial and fatty casts suggest degenerative changes
of the tubular epithelium.

CATECHOLAMINES

These are dihydroxy phenolic compounds having an amino
group on the side chain. Examples of catecholamines are dihy-
droxyphenylethylamine (DOPamine) adrenaline and nor-

adrenaline.

OH OH OH

OH OH OH

CH, ?HOH CHOH

| I

CIIH2 (I.ZH2 C|ZH2

NH, NH, NH—CH,

Dopamine Noradrenaline Adrenaline

Synthesis
Adrenaline and noradrenaline are synthesised from tyrosine as
follows;
tyrosine ———> dihydroxyphenylalanine >

dopamine ———————— noradrenaline —————>adrenaline

Most noradrenaline is synthesised at the sympathetic nerve
endings while adrenaline is mainly produced in the adrenal
medulla.

Hypoglycaemia, cold, fear and injury stimulate their secre-
tion.

Actions

Adrenaline and noradrenaline can cause variations in blood
pressure by acting on the cardiovascular system. Adrenaline
increases the rate of glycogenolysis, thus tending to raise the
blood glucose level.
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CATECHOLAMINES

Metabolism

There are two principle mechanisms for the catabolism of

adrenaline and noradrenaline;

(1) Oxidation, catalysed by the enzyme monoamine oxidase
(MAO)

(2) Methylation of the hydroxyl groups, a reaction catalysed
by catechol-O-methyl transferase.

The major metabolites resulting from these processes are the

methylated derivatives metadrenaline and normetadrenaline,

and 4-hydroxy, 3-methoxymandelic acid, (HMMA, VMA).

Increased catecholamine levels

Increased blood and urinary catecholamines and their
metabolites are found in tumours of the sympathetic nervous
system. There are two main types of tumour:

(1) Tumours of chromaffin tissue (phaecochromocytoma).
These are mainly adrenal tumours.

(2) Tumours of nerve cells (neuroblastoma). These are mainly
extra—adrenal.

Measurement of catecholamines

Although catecholamines can be measured in plasma, it is their
levels in urine that are usually measured. Urinary adrenaline and
noradrenaline can be measured by a fluorimetric technique after
their isolation on an alumina column. However in most
laboratories, it is catecholamine metabolites that are usually
measured. These include:

(1) Metadrenaline and normetadrenaline. These can be
isolated by column chromatography, converted to vanillin
and then assayed spectrophotometricaly.

(2) 4-hydroxy, 3-methoxymandelic acid.

(3) Homovanillic acid. This is the major urinary metabolite of
DOPA and DOPamine.

See also: adrenaline, 4-hydroxy, 3-methoxymandelic acid,

phaeochromacytoma

Further reading: Catecholamines. Br. Med. Bull., (1973),22,(2)



CEREBROCUPEREIN 73

CELLULOSE ACETATE

A material which can be used as an electrophoretic support
medium. It is supplied commercially as membranes, which
contain a large proportion of air spaces. These air spaces become
filled with liquid when wetted, transforming the membrane into
a pliable sheet. One of the major advantages of cellulose acetate
as an electrophoretic support medium is that adsorption is
minimal, enabling sharply defined bands to be obtained. The
sheets can be made transparent for densitometric measurements
by the use of suitable solvents.

CENTRIFUGAL ANALYSERS

Automated instruments which use centrifugal force as the basis
for the mixing of reagents. Reagents are placed in the inner
compartments of a specially constructed centrifuge rotor.
Acceleration of the rotor causes the liquids to move outwards to
the outer compartment where mixing occurs. From here they
pass to a cuvette. With rotation of the centrifuge, the cuvettes
pass sequentially through a light beam when optical densities
can be measured. Calculation of results and their display are
performed by a computer.

Among the commercial instruments which use this principle
are the CentrifiChem (Union Carbide Corporation), Gemsaec
(Electronucleonics, Inc.) and ROTOCHEM 11 (American In-
strument Corporation).

Further reading: General list of analytical textbooks

CEPHALIN-CHOLESTEROL REACTION

A flocculation test for the detection of disturbances in serum
proteins, which consists of adding serum to a colloidal suspen-
sion of cephalin and cholesterol. Precipitation occurs if the -
globulin faction is raised and this precipitation is enhanced by
low albumin concentrations.

See also: flocculation tests

CEREBROCUPREIN
A copper storage protein found in the brain

See also: copper
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CEREBROSIDES

These are sphingolipids consisting of sphingomyelin attached to
a fatty acid and a monosaccharide, usually galactose (giving
galactocerebrosides), but in many cases glucose (giving
glucocerebrosides).

HO - CIH ~CH=CH (CH,),, CH,
CH—NH—CO -FATTY ACID

CH,0—-~MONOSACCHARIDE

Sulphuric acid esters of cerebrosides are known as sulphatides.
In these the sulphate group is attached to the monosaccharide
residue.

In the inborn error, Gaucher’s disease, glucocerebrosides
accumulate in various body organs due to a deficiency in the
degradative enzyme, glucocerebrosidase.

See also: Gaucher’s disease

CEREBROSPINAL FLUID (CSF)

The fluid made in the choroid plexus of the ventricles of the
brain and secreted from them into the subarachnoid space
around the brain and spinal cord. Specimens for laboratory
examination are usually obtained from a lumbar puncture and
they may be examined in a number of ways:

(1) Microbiological tests, e.g. cell count, culture, Wasserman
test.

(2) Appearance. Normally CSF is a clear colourless fluid. A
blood-stained fluid may indicate a subarachnoid
haemorrhage or trauma during lumbar puncture. A yellow
fluid (xanthochromia) may indicate bilirubin formed from
haemoglobin as a result of a haemorrhage several days
previously.

(3) Glucose. Low levels are found in some forms of meningitis.

(4) Protein. Changes in the composition of CSF proteins can
be detected by qualitative tests, e.g. Pandy’s test and the
Lange test. Elevation of the CSF protein can occur in
meningitis and multiple sclerosis. Specific im-
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munochemical estimation of globulins can also be used for
diagnosing particular conditions such as multiple sclerosis.

Further reading: Thompson, E.J., Norman, P.M. and MacDer-
mot, J. (1975). The analysis of cerebrospinal fluid. Br. J.
Hosp. Med., 14, 645

C1 ESTERASE INHIBITOR

This is an a,-globulin which limits the action of Cl, the first
complement component. A genetic defect in the synthesis of C1
esterase inhibitor occurs in hereditary angioneurotic oedema.
Cl1 esterase inhibitor can be measured immunochemically or by
its ability to inhibit the hydrolysis of synthetic esters by a
preparation of activated CI.

See also: complement, hereditary angioneurotic oedema

CHENODEOXYCHOLIC ACID

A primary bile acid formed by the liver. In the gut, bacterial
action converts it to the secondary bile acid, lithocholic acid.
Chenodeoxycholic acid is used therapeutically for gall stone
dissolution.

See also: bile acids and salts

Further reading. Editorial (1978). Chenodeoxycholic acid.
Lancet, 1, 805

CHI-SQUARE (x2) TEST

A statistical test for comparing the distribution of a discrete
variable in a sample with the distribution of a discrete variable in
another sample. The test is for comparing actual numbers of
occurrences rather than relative values. As an example, suppose
in a drug trial, one group of patients received a new drug while
another group received a placebo. All patients were examined
for albuminuria and were classified as either positive or
negative. The number of patients with or without albuminuria
was found for each group.

The chi-square test could be used to see if there was any
significant difference in the occurrence of albuminuria between
the two groups. From the chi-square value, the probability of the
differences between the two groups being due to chance can be
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found. Low probability values (<0.05, i.e. less than 1 in 20)
suggest that the difference between the two groups is unlikely to
be due to chance and is due to some other factor, in this case
treatment with the drug.

Further reading: Swinscow, T.D.V. (1978). Statistics at Square
One. 3rd Edn. (London: British Medical Journal)

CHLORAL HYDRATE

A hypnotic drug. It can be detected in blood and gastric aspirate
by a number of screening tests.

Further reading:' Meade, B.W. et. al. (1972). Technical Bulletin

No. 24. Simple tests to detect poisons. Ann. Clin. Biochem.,
9,35

CHLORATE

Chlorates are used as weed killers and are occasionally en-
countered in toxicology cases, where they can cause
methaemoglobinaemia and liver failure. They can be identified
in gastric aspirates by their reaction with diphenylamine reagent
to give a blue colour.

CHLORIDE

This is the major extracellular anion and is thus closely involved
in fluid homeostasis and anion-cation balance. Its metabolism is
closely linked to that of sodium.

Low serum levels

With certain exceptions (e.g. (2) below) this occurs in conditions
which also cause hyponatraemia.

(1) Renal loss of chloride, e.g. renal tubular damage.

(2) Gastro-intestinal loss. Persistent vomiting results in
relatively greater loss of chloride and hydrogen ions than
sodium, causing hypochloraemic alkalosis.

(3) Diabetic ketosis where chloride is lost in the urine.

(4) Potassium depletion associated with alkalosis.



CHLORIDE 77

High serum levels

These are found in conditions such as dehydration which also
cause hypernatraemia. Hyperchloraemic acidosis, associated
with a low plasma bicarbonate level, is found in conditions such
as renal tubular acidosis.

Sweat chloride

High sweat chloride levels are found in patients with cystic
fibrosis (see sweat test).

Measurement of chloride in body fluids

(1) Titrimetric method (Schales and Schales). The specimen is
titrated with mercuric nitrate using diphenyicarbazone as
the indicator. The mercuric ions combine with chloride
ions to form soluble, but virtually non-ionized mercuric
chloride. When all the chloride ions have reacted with the
mercuric ions, the excess Hg2t ions combine with the
diphenylcarbazone indicator to form a coloured complex.
In this way the titration end-point is detected.

(2) Colorimetric method. Mercuric thiocyanate (Hg(SCN),) is
added to the specimen, forming HgCl, and releasing
thiocyanate ions which react with the Fe3+ of ferric nitrate
solution, to produce the red coloured ferric thiocyanate.
This method is used in continuous flow instruments.

(3) Coulometric method. There are several chloride meters
commercially available which operate on the following
principle: silver ions are generated from an electrode at a
constant rate and combine with chloride ions in the
specimen to form insoluble AgCl. When sufficient Ag+ has
been generated to react with all the chloride present, the
additional generation of Ag* from the electrode results in
a sudden rise in the conductivity of the solution which can
be detected by a set of silver indicator electrodes.

(4) Ion-selective electrodes. These have particularly useful
applications in the determination of sweat chloride in
cystic fibrosis (see sweat test).

See also: sodium

Further reading: General list of analytical and clinical text-
books
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CHLORIDE SHIFT (Hamburger shift)

CO, which is produced by metabolism diffuses into erythrocytes
where it is converted into H,CO; by carbonic anhydrase. The
H,CO, dissociates to give H* and HCO,- . The bicarbonate
diffuses out of the cell and in order to maintain electrochemical
neutrality, chloride diffuses into the red cells. Hence the term
chloride shift.

CHLORPROMAZINE

A tranquilizer of the phenothiazine class of drugs. It can be
detected in urine by a variety of tests. These include colour
reactions (e.g. using FPN reagent), examination of absorption
spectra following extraction, and various chromatographic
techniques.

Futher reading: Yeoman, W.B. (1971). Toxicological analysis
in the clinical chemistry laboratory. Ann. Clin. Biochem.,
8,93

Meade, B.W., et al. (1972). Technical Bulletin No. 24.
Simple tests to detect poisons. Ann. Clin. Biochem., 9, 35

CHOLECYSTOKININ-PANCREOZYMIN

At one time there were thought to be two separate hormones,
cholecystokinin which produced contraction of the gall bladder
and pancreozymin which increased the secretion of pancreatic
enzymes. However it is now known that a single hormone
secreted by the upper small intestine performs both activities.

It can be used in conjunction with secretin to measure the
capacity of the pancreas to secrete enzymes. In this test secretin
is used in combination, as this stimulates the production of
bicarbonate in  pancreatic = fluid. The  secretin-
cholecystokinin-pancreozymin  test consists of par-
enteral administration of the hormone combination to the
patient, followed by aspiration of the pancreatic secretions.
Trypsin, amylase or lipase can be measured in the fluids as an
indication of the response.

Further reading: Gowenlock, A.H. (1977). Scientific Review
No. 4. Tests of exocrine pancreatic function. Ann. Clin.
Biochem., 14, 61
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CHOLESTEROL

HO Cholesterol

High levels of cholesterol in the blood are thought to be a risk
factor in the development of atherosclerotic disease. The
relationship between cholesterol and high density lipoproteins
may be significant in this respect (see high density lipoprotein).

The cholesterol in the body is derived from both dietary
sources and endogenous synthesis.

Dietary cholesterol

Cholesterol is absorbed from the gut after its incorporation in
micelles, a process for which bile salts are required. In the
intestinal mucosa, the cholesterol is esterified and incorporated
into chylomicrons and pre-f-lipoproteins.

Endogenously synthesized cholesterol

Cholesterol can be synthesized from acetate by most tissues,
particularly the liver and small intestine. Cholesterol can be
esterified and incorporated into a-and f-lipoproteins where
most of the plasma cholesterol is found.

Cholesterol metabolism

Part of the body’s cholesterol is used in the synthesis of bile acids
and salts and a smaller proportion gives rise to steroid hor-
mones. Some cholesterol is excreted in the bile and thus is
available for reabsorption.

Increases in serum levels

Serum cholesterol levels increase with age. Among the con-
ditions in which pathologically high levels are found are:

(1) Idiopathic hypercholesterolaemia.
(2) Biliary obstruction.
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Nephrotic syndrome.

Hypothyroidism.

Decreases in serum levels

Decreased serum cholesterol levels are found in a great variety of
conditions, e.g. liver diseases and thyrotoxicosis.

Measurement of serum cholesterol
There are two approaches to cholesterol determination.

)

@

Colorimetric methods. Cholesterol reacts with strong acids
to yield coloured derivatives. In most procedures acetic
acid and acetic anhydride are used as solvents and
dehydrating agents and sulphuric acid is used as a
dehydrating and oxidizing agent. This general reaction is
enhanced by various metal ions. One of the most common-
ly used reactions is the Liebermann-Burchard reaction in
which cholesterol reacts to give a green coloured com-
pound. In variations of this method (e.g. the Zak method)
ferric ions are included in the reaction mixture and a red
colour is obtained.

There can be different approaches to the pretreatment of
the sample:

(a) The colorimetric reaction can be performed directly
on the serum but this may give errors, due to the
presence of protein and bilirubin, for which a correc-
tion may have to be made.

(b) In some techniques the lipids are extracted prior to
colour development.

(c) The ratio of free to esterified cholesterol can be
determined using digitonin, which selectively
precipitates free cholesterol.

The other basic method used in cholesterol estimation is an
enzymic technique based on cholesterol oxidase. This
catalyses the reaction:

cholesterol 4+ O, —> cholest- 4-ene-3-one + H,0,

Like the glucose oxidase reaction, the H,O, formed is used
to oxidize a dye, e.g. 4-aminoantipyrene, in the presence of
phenol and the reaction product can be estimated colori-
metrically.
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Further reading: General list of analytical and clinical text-
books.
Zak, B. (1977). Review: cholesterol methodologies. Clin.
Chem., 23, 1201

CHOLESTYRAMINE

An anion-exchange resin which binds bile salts and interferes
with their reabsorption. In this way, it is used as a treatment for
the reduction of plasma cholesterol and f-lipoprotein levels.

CHOLIC ACID

A primary bile acid formed by the liver. In the gut, bacterial
action converts it to the secondary bile acid, deoxycholic acid.

See also: bile acids and salts

CHOLINESTERASE

Acetylcholine is a compound synthesized at nerve endings,
which acts in transmitting impulses from nerve to muscle fibre.
Cholinesterase is an enzyme which destroys the acetylcholine
after the impulse has been transmitted, enabling further im-
pulses to be transmitted.

In human tissues there are two enzymes with cholinesterase
activity:

(1) ‘True’ or red cell cholinesterase (acetylcholinesterase). This
is found predominantly in erythrocytes and nervous tissue.

(2) Pseudocholinesterase (cholinesterase). This is made main-
ly in the liver and is the enzyme which is found in serum.

Serum cholinesterase measurements are usually made in three
types of clinical situations:

(1) As a test of liver function. Low levels are found in liver
diseases.

(2) Low serum levels also occur in cases of poisoning by
organic phosphorus compounds, e.g. certain insecticides.
These inhibit both types of enzyme.

(3) Insuxamethonium sensitivity. Suxamethonium is a muscle
relaxant used in anaesthetics and has a similar structure to
acetylcholine. Normally it is hydrolysed by cholinesterase
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and this limits its action. In certain patients, however, its
administration is followed by prolonged apnoea, and, in
these subjects, little or no cholinesterase activity is found in
the serum. Furthermore the serum enzyme in these cases is
different from the normal type. This can be explained by
the fact that the genes controlling the synthesis of
cholinesterase can exist in at least four allelic forms, which
can be differentiated on the basis of the enzyme’s suscep-
tibility to inhibition by fluoride or dibucaine (a spinal
anaesthetic):

(i) The normal, most common phenotype (E;"). The
normal enzyme is inhibited to a large extent by
fluoride and dibucaine.

(it) The atypical E,2 gene which results in the production
of an enzyme with only weak substrate activity but
more resistant to inhibition by dibucaine.

(iii) The E,f gene which gives rise to a weakly active
enzyme but more resistant to inhibition by fluoride.

(iv) The E;s(silent) gene which results in a protein having
little or no activity.

Various combinations of these genes occur but it is usually only
in certain homozygotes that marked sensitivity is found. When a
patient with suxamethonium sensitivity is found, their genotype
can be determined by measuring their enzyme in the presence
and absence of fluoride and dibucaine. Furthermore, the im-
mediate family should be screened, to find other possible
affected individuals.

Measurement of serum cholinesterase activity
The reaction catalysed by cholinesterase can be expressed as

acetylcholine —> choline + acetate ion + H*
(1) The H* can react with bicarbonate buffer, to give COZ

which can be measured manometrically.

(2) The reaction can be followed by measuring the change in
pH or by measuring the colour change of a pH indicator.

(3) The unreacted acetylcholine can be estimated colori-
metrically as its hydroxamate derivative.
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Benzoylcholine can be used as a substrate and its decrease
in absorption at 240 nm followed.

Acetylthiocholine esters can be used as substrates, the
thiocholine formed being measured with chromogenic
disulphide reagents, e.g. Ellman’s reagent.

Further reading. Beard, A.G. and Litwin, S.D. (1978).

Deficiences of circulating enzymes and plasma proteins. In
Stanbury, J.B., Wyngaarden, J.B. and Fredrickson, D.S.
(eds.) The Metabolic Basis of Inherited Disease, 4th Edn.,
p. 1712 (New York: McGraw-Hill)

Silk, E., King, J. and Whittaker, M. (1979). Scientific
review No.5. Assay of cholinesterase in clinical chemistry.
Ann. Clin. Biochem., 16, 57

CHONDROITIN SULPHATE

A mucopolysaccharide excreted in the urine in some types of
mucopolysaccharidoses.

See also: mucopolysaccharides, mucopolysaccharidoses

CHORIONIC GONADOTROPHIN
See: human chorionic gonadotrophin

CHROMATOGRAPHY

This is the general name given to a variety of techniques by
which a group of substances are separated on the basis of their
distribution between two phases, one stationary and the other
moving. The varieties of chromatographic techniques may be
classified in different ways:

(1)

@

They can be classified on the basis of the physico-chemical
processes involved, e.g. solvent partition, surface adsorp-
tion, molecular sieving and ion-exchange.

They can be classified according to the equipment used,
e.g. paper chromatography, thin-layer chromatography,
column chromatography.

Thus confusion may arise in certain types of chromatography,

e.g.

thin layer chromatography may be either partition or

adsorption chromatography depending on the solvents used.
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See also: adsorption chromatography, affinity chroma-
tography, gas chromatography, gel filtration, high
pressure liquid chromatography, ion-exchange chroma-
tography, partition chromatography, reverse phase
chromatography, thin-layer chromatography

CHROMIUM

Chromium appears to have a role in the intermediary metabol-
ism of carbohydrates. Deficiency of chromium may be
associated with some cases of diabetes mellitus or impaired
glucose tolerance.

CHROMIUM SESQUIOXIDE

A marker which can be used in faeces collection. It is deter-
mined by flame photometry or by titration against ferrous
ammonium sulphate following its conversion to dichromate.

See also: faecal markers

CHYLOMICRONS

These are high molecular weight, lipoprotein complexes, com-
posed mostly of triglyceride, which are synthesized in the
intestinal mucosa from hydrolysed dietary fat. They are carried
in the lymphatic system and pass into the bloodstream via the
thoracic duct. Being high molecular weight complexes, they
scatter light and are responsible for the turbidity of plasma after
a fatty meal. Normally chylomicrons are cleared from the blood
by the enzyme lipoprotein lipase which hydrolyses the
triglycerides and releases free fatty acids which are taken up by
adipose tissue. The remainder of the particle containing mostly
cholesterol is further metabolized by the liver. Persistently
raised serum chylomicrons are found in types I and V of the
Fredrickson hyperlipoproteinaemia classification. They can be
identified by their electrophoretic behaviour, since they usually
remain at the origin, unlike the other lipoproteins.

See also: hyperlipoproteinaemias, lipoproteins

CHYLURIA

This is the presence of fat in the urine. Lipid particles (lipid
emboli) can enter the blood after bone fractures and this can
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result in the appearance of lipid in the urine. A lymphatic
disorder (filariasis) and renal damage due to stones can also
cause chyluria.

Fat droplets tend to float on the surface of urine and can be
visualized by staining with a fat stain, e.g. Sudan I11. Quantita-
tive estimation of triglyceride in urine can also be used.

CHYMOTRYPSIN

A proteolytic enzyme manufactured by the pancreas in the form
of its zymogen, chymotrypsinogen. This is converted in the
duodenum to chymotrypsin by another proteolytic enzyme,
trypsin. Estimation of chymotrypsin in faeces can be of use in the
diagnosis of cystic fibrosis, when enzyme secretion by the
pancreas may be reduced.

See also: cystic fibrosis

CIRCADIAN RHYTHM (DIURNAL RHYTHM)

A regular variation within a period of 24 hours. Several sub-
stances show a circadian rhythm in their serum levels, e.g. iron
and cortisol.

CITRATE

Citrate can be used as an anticoagulant because of its ability to
bind calcium, which is required for the clotting process.

CITRULLINAEMIA

A rare inborn error of metabolism which may be due to a
deficiency of argininosuccinic acid synthetase, the enzyme which
condenses citrulline and aspartate to argininosuccinic acid.
Citrulline and ammonia accumulate in the blood and CSF.
Hepatomegaly and mental retardation are some of the clinical
findings.

Further reading. Shih, V.(1978). Urea cycle disorders and other
congenital hyperammonaemic syndromes. In Stanbury,
J.B., Wyngaarden, J.B. and Fredrickson, D.S. (eds.) The
Metabolic Basis of Inherited Disease, 4th Edn., p. 362.
(New York: McGraw-Hill)
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CLARK ELECTRODE

CLARK ELECTRODE

See: oxygen

CLEARANCE

This is the amount of blood which could theoretically be
completely cleared of a substance per minute. Renal clearance
can be expressed by the formula
clearance = _Q_;f_l ml/ minute

where U is the urine concentration of the substance, P is the
plasma concentration of the substance and V is the volume of
urine in millilitres passed per minute (usually calculated from a
24 hour urine collection). Since clearances are proportional to
body surface area, a correction factor may have to be applied.

Estimations of the clearance of various substances can be used
to assess different aspects of renal function. When a substance is
excreted solely by glomerular filtration and is not reabsorbed or
secreted by the tubules (e.g. inulin), estimation of its clearance,
gives a true estimate of its glomerular filtration rate. Creatinine
is secreted by the tubules in small amounts and therefore gives
slightly higher clearance values, although these still ap-
proximate to the glomerular filtration rate. Estimation of the
clearance of p-aminohippuric acid at low plasma levels gives an
indication of renal plasma flow, whereas at higher plasma levels,
estimation of its clearance gives an indication of the tubular
secretory capacity.

See also: p-aminohippuric acid, creatinine, glomerular filtra-
tion rate, inulin clearance test, renal plasma flow, tubular
secretory capacity

CLINISTIX

A dipstick test manufactured by the Ames company for the
detection of glucose in urine. It is based on the glucose oxidase
reaction, in which glucose is oxidized to gluconic acid and
hydrogen peroxide. Peroxidase then catalyses the oxidation of
o-tolidine by hydrogen peroxide to produce a blue colour.

Further reading: Kutter, D. (1977). Rapid Clinical Diagnostic
Tests. (Munich-Vienna—Baltimore: Urban and Schwar-
zenberg)
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CLINITEST

A tablet test, manufactured by the Ames company for the
detection of reducing substances in urine. It is based on the
Benedict reaction.

Further reading: Kutter, D. (1977). Rapid Clinical Diagnostic
Tests. (Munich-Vienna-Baltimore: Urban and Schwar-
zenberg)

CLOFIBRATE

A drug which decreases the synthesis of cholesterol and which is
therefore used in the treatment of hypercholesterolaemia.

CLOMIPHENE

A drug which stimulates the release of pituitary gonadotrophins
(FSH and LH). These are normally under the control of
hypothalamic releasing hormones, which in turn are under
negative feedback control by the sex hormones, oestrogens and
testosterone. Clomiphene is thought to act by displacing oestro-
gens or testosterone from their hypothalamic binding sites,
thereby removing the negative feedback inhibition. The drug
may therefore be used as a pituitary or hypothalamic function
test. It can also be used therapeutically in the treatment of
infertility to induce ovulation.

See also: menstrual cycle

CLOMIPHENE STIMULATION TEST

This can be used in both males and females in the investigation
of suspected dysfunction of the hypothalamus or pituitary when
low FSH or LH values have been found. Failure of the LH or
FSH levels to rise after clomiphene administration suggests
hypothalamic or pituitary dysfunction.

See also: clomiphene

COEFFICIENT OF VARIATION (CV)

A statistical parameter used for expressing precision. It relates
the standard deviation (SD) of a group of observations to the
mean as follows:
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SD

CV = X 100%
mean

Thus a low CV indicates good precision, a high CV poor
precision.

COELIAC DISEASE

A gastro-intestinal condition in which there is sensitivity to
gluten (found in wheat germ) in the diet. It causes flattening of
the intestinal villi, resulting in malabsorption.

COLLAGEN

This is the major protein constituent of cartilage and other
connective tissue. It is the only human protein known to contain
significant amounts of hydroxyproline.

See also: hydroxyproline

Further reading: Editorial (1978). Collagen in health and dis-
ease. Lancet, 1, 1077

COLLAGEN DISEASES (CONNECTIVE TISSUE DISEASES)

A group of diseases in which there is widespread inflammatory
damage to connective tissues and blood vessels. Examples
include systemic lupus erythematosus and rheumatoid arthritis
They are now known to be disorders of immunity and are alsc
known as immune complex diseases.

See also: rheumatoid arthritis, systemic lupus erythematosus

Further reading: Holborow, E.J. (1978). The serology of
connective tissue disorders. Br. J. Hosp. Med., 19, 250
Holborow, J. (1979). Current concepts in connective
tissue disorders. Br. J. Hosp. Med., 22, 8

COLLOIDAL GOLD REACTION

A test for detecting changes in the protein composition of serun
or CSF, which consists of adding a colloidal gold sol to seria
dilutions of the sample and assessing the degree of precipitatios
of the sol.
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Serum colloidal gold reaction

Positive serum colloidal gold reactions are found when there are
raised Y-globulin levels with lowered albumin concentrations,
e.g. hepatitis and hepatic cirrhosis.

CSF colloidal gold reaction (Lange test)

In CSF, Y-globulin is also the main precipitating agent. Other
proteins tend to keep the gold in solution. Three types of
abnormal precipitation patterns can be found:

(1) Paretic type found in general paralysis of the insane, in
tabes, and in some cases of multiple sclerosis.

(2) Tabetic or luetic type which is found in all cases of cerebral
syphilis.

(3) Meningitic type which is found in acute meningitis.

Lange colloidal gold reactions are of limited practical use.
Other CSF tests give more information about the clinical
condition, e.g. cell count, differential, protein, glucose and the
Wassermann reaction for syphilis.

Further reading: Thompson, E.J., Norman, P-M. and MacDer-
mot, J. (1975). The analysis of cerebrospinal fluid. Br. J.
Hosp. Med., 14, 645

COLORIMETRY

The quantitative measurement of coloured solutions.

See also: spectrophotometry

COMPETITIVE PROTEIN BINDING (CPB)

A form of radioactive saturation analysis analagous to radioim-
munoassay, the difference being that a naturally-occuring bin-
ding protein is used instead of an antibody, e.g. thyroid binding
globulin for thyroxine estimation or transcortin for cortisol
estimation. Apart from this difference, many of the principles of
the technique are similar to radioimmunoassay.

See also: radioimmunoassay



90

COMPLEMENT

COMPLEMENT

A series of plasma protein molecules, some of which have
enzymic activity, which are activated by an immune complex
(e.g. antibody binding to a cell). This eventually leads to a ‘hole’
being punched through the cell membrane, and in this way it
brings about lysis and cell death. It originally received its name
because it was thought to ‘complement’ the action of antibody.

It consists of nine major components (Cl1, C2,...C9), the
components present in the largest amounts being C3 and C4. Itis
these two components that are measured most frequently as an
indication of the overall level of complement activity.

Two complement pathways can operate, the classical pathway
and the alternative pathway. The classical pathway is analagous
to the coagulation cascade, activation of the C1 component
eventually leading to activation of the other components. The
classical pathway can be initiated by a number of substances, the
most important probably being the antibody molecule. The
alternative pathway can be activated by other substances. It
bypasses the C1, C2 and C4 components.

Further reading. Roitt, .M. (1977). Essential Immunology 3rd
Edn., (Oxford, London, Edinburgh, Melbourne: Blackwell
Scientific Publications)

Hoechst Pharmaceuticals, (1977). Notes on Diagnosis
No. 3, Complement.

Whicher, J.T. (1978). Review: The value of complement
assays in clinical chemistry. Clin. Chem., 24, 7

Fearon, D.T. and Austin, K.F. (1976). The human
complement system: Biochemistry, biology and patho-
biology. In Marks, V. and Hales, C.N. (eds.). Essays ir
Medical Biochemistry Vol. 2. p. 1. (London: The Bio
chemical Society and Association of Clinical Biochemists

COMPLEMENT FIXATION TEST

A test that can be used for the detection of antibodies o
antigens. Antibody (or antigen) is added to a series of dilution
of the patient’s sample. Also present is a source of complement
e.g. guinea pig serum. If antigen (or antibody) is present in th
patient’s sample, the resulting antigen-antibody reaction fixe
the complement. An indicator system, consisting of red bloo
cells coated with antibody, is then added but if no complemer
remains, the cells are not lysed. On the other hand if the patient
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serum had no antigen (or antibody), complement would still be
available and lysis of the cells would<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>