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bly dien as bron van middele en van inspirasie vir hulle
wat bestem is om ons akademiese en intellektuele leiers te

wees in die nimmereindigende stryd teen onkunde en die
brose natuur van die mens.

THE SECRETION OF URINE

It has taken many years to establish that the elaboration
of urine involves three discrete renal processes: glomeru­
lar ultrafiltration, tubular reabsorption, and tubular se­
cretion. Of these three processes tubular secretion was
the last to be accepted because of the difficulty of prov­
ing this function.

Special micropuncture techniques, developed many
years ago, enabled a number of workers to establish that
ultrafiltration of plasma through the glomerular capillary
tuft actually takes place-the ultrafiltrate is protein-free,
it contains all crystalloids (solutes of small molecular di­
mensions) in the same concentrations as in the aqueous
phase of the plasma, and the hydrostatic pressure of the
blood in the glomerular capillaries is a force adequate to
separate this protein-free fluid from the plasma in the
amounts known to be formed.' The arduous task in­
volved in this technique of puncturing Bowman's capsule
and of analysing the minute quantities of fluid collected
in a micropipette need not be seen to be appreciated.
Most of this type of work was initially done on the frog,
in which the glomeruli are large and easily visible, but
data obtained in other animals agree with those estab­
lished for the frog. To prove that the glomerular filtrate
is protein-free was relatively simple; much more difficult
to prove was that crystalloidal solutes in the filtrate are
present in the same concentrations as in the aqueous phase
of the plasma. As regards the glomerular intracapillary
pressure and the intracapsular pressure, measurements
show that they are adequate to account for the observed
rates of glomerular filtration; the force is adequate.

The technique of micropuncture of the renal tubules
and analysis of the fluid withdrawn at various levels con­
firmed the fact that tubular reabsorption takes place.
This fact was not unexpected once glomerular ultrafil­
tration had been proved, since many of the filterable
constituents of the blood are absent from the urine; more
important is the demonstration of the actual sites within

the nephron where certain reabsorptive mechanisms take
place.

Proof that tubular secretion takes place was the last of
the three discrete renal processes involved in the forma­
tion of urine to be established. One of the difficulties is
that any substance that is secreted will also be filtered.
It had to be shown that when a substance is excreted in
the urine in excess of the amount filtered, tubular secre­
tion has been involved. Micropuncture methods have not
been sufficiently helpful. It is by the use of inulin, a sub­
stance which is freely filterable through the glomeruli but
not reabsorbed by the tubules, that water reabsorption
can be assessed; if a substance increases in concentration
more than does inulin it must be added to the tubular
fluid by secretion. Studies on the secretion of phenol red
in vitro by isolated renal tubules, the rates of excretion
of dyes and other substances, and comparative studies on
urine formation in different animals, including aglomeru­
lar fish, have provided more evidence that tubular secre­
tion occurs. It resembles tubular reabsorption in many
respects. There is transport against an electrochemical
gradient, demanding a continuous supply of energy; the
major difference in the two mechanisms is in the orienta­
tion of the transport. Three types of secretory mecha­
nisms are described analogous to three types of reabsorp­
tive mechanisms.'

The kidneys are hardly to be looked upon as excretory
organs. Their excretory function is incidental to their
regulatory function of the volume and consumption of
the internal fluid environment. Because of them we have
achieved a free and independent existence; some say that
our high position in the animal kingdom ultimately de­
pends on our kidneys. Aristotle did not think along these
lines; he did not regard the kidneys as vital organs, but
that they were there to provide 'a greater finish and per­
fection to the body'.
I. PiUs, R. F. (1963): Physiology of the Kidney and Body Fluids. Chi­

cago: Year Book Medical Publishers.

VIRUS DISEASES IN OBSTETRICS
JAMES T. Louw, CH.M., F.R.C.O.G., Professor of Obstetrics and Gynaecology, University of Cape TOWIl

In the beginning, when life started, mitosis was presumably neatly planned structure which allows filtration of gases
the method of propagation. With the movement from and articles of nutrition from host to parasite and pro­
un'cellular to multicellular structures came the development ducts of excretion from foetus to mother, in addition to
of sex. A new variation of cell division - meiosis - secreting substances which ensure the safekeeping of the
became necessary so that one cell of each sex could unite, developing ovum within the womb, is the link between the
becoming a single cell which in turn would split and two. The placenta also acts as a barrier, preventing noxious
multiply by mitotic fission in order to become a multicel- substances from entering the foetus from the maternal
lular recognizable entity. With the passage of aeons came side.
gradual and, possibly, sporadic or explosive development Certain small molecules, however, be they chemical or
with tremendous cellular technical improvement and 'living', cross this placental barrier with great ease. For

example, coumarin administered to the mother may pro­
specialization. The more intricate the system the greater duce foetal intracranial haemorrhage, whereas heparin (of
is the care and attention demanded by all its manifold large molecular size) apparently does not get through to
components. In the highest species the new living being, the foetus.19•4i Innumerable other drugs, when administered
after conception, requires nurturing within its mother. A maternally, have deleterious effects on the foetus (e.g.
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thalidomide/5•26•43 thiouracil,23 etc.). 'Living' or actively mul­
tiplying structures may also cross the placenta. Thus a few
infants delivered of mothers with malignant disease may
be born with manifestations of the <tisease.~

It must ever be borne in mind that materno-foetal cir­
culatory communications often exist; foetal blood may be
found in the maternal bloodstream and vice versa."' ,.

Certain viruses find the placenta no barrier at all. They
manifest their well-tabulated clinical and pathological find­
ings in the foetus, e.g. vaccinia36 and poliomyelitis.5O Were
they only to cross from mother to foetus and transmit
their disease to the foetus, the problem would possibly not
be so great. What, however, has become a major stumbling
block in obstetrics, as is evidenced by innumerable papers
and annotations in leading journals"""'''' and a Ministry
of Health Report35 is that certain viruses - rubella fore­
most among them - when attacking the embryo at its
most formative stages before the 12th to 14th week of
intra-uterine existence may:

(a) kill it, resulting in abortion,
(b) maim it, causing a host of congenital abnormalities

resulting in intra-uterine death during the latter weeks of
pregnancy,

(c) not maim it sufficiently to cause death, but leave the
infant with various degrees of deafness, blindness, con­
genital cardiac lesions, mental deficiency, anencephaly,
microcephaly, and so forth, or

(d) not affect the infant at all.
Tondury,« doing routine dissections of foetuses obtained

from mothers who had suffered from rubella, found
necrotic areas in the cardiac muscle. Necrotic foci of
disengaged cardiac muscle were found obstructing arteries
at a distance. He also found that maternal poliomyelitis
caused serious injuries to the foetal brain and spinal cord.
In a more major work this author"O demonstrated that, no
matter which virus was involved, the lesions were the
same. He received specimens from many clinics in Europe
and found that all the foetuses appeared normal on
macroscopic examination. Serial sections of foetuses of 49
mothers with rubella, 2 with mumps, 6 with influenza, 4
with infective hepatitis and 11 with poliomyelitis demon­
strated microscopic abnormalities in the heart, optic lens,
inner ear, skeletal muscle and brain in 75% of cases. 'The
infection begins by attacking the endothelium of the foetal
blood vessels in the chorionic villi. The shed endothelium
is carried as emboli of infective cells into the foetal cir­
culation where they cause fresh infection and disturb the
development of the organs affected.' Dr. Golda Selzerl

will soon be reporting a case in which the rubella virus
was found not only in the decidua but also in the foetus.
As far as I am aware, it will be the first time this finding
has been recorded. It has supplied the knowledge that was
lacking when Warkant7 stated that the virus has never
been observed in action.

Experimental work corrobotates these findings. Accord­
ing to Rhodes,38 pregnant animals, when given virus infec­
tions, usually abort. Several viruses, when injected into 48­
hour chick embryos, produce malformations ranging from
microcephaly to microplasia of the lens. Hog cholera, given
to sows, produces foetal deformities of the nose, leg, kid­
ney, testis and gallbladder. Blue tongue virus of sheep
is responsible for hypoplasia of the offspring's brain.

That the foetus may therefore be severely affected and
afflicted when the mother contracts a viral infection during
the early weeks of gestation is an established fact. This
finding has had an impact not only on medical thought
but also upon all mankind. The initial observation, for
which GregglS deserves -the highest praise, together with
other work done in relation to non-hereditary causes of
foetal abnormalities, has done much towards lightening
the psychological burden of parents, since they can now
be assured that non-genetic causes of abnormal babies are
non-repetitive.

Problems facing the Clinician
The problems facing the clinician are mainly twofold:

The first is rare. It was seen in the City of Cape Town
in 1955 when an outbreak of smallpox was feared. Prac­
tically the whole population was vaccinated. Doctors and
pregnant women repeatedly questioned the wisdom of
vaccination during pregnancy. Immunization against the
disease was deemed imperative. Pregnant patients who
were vaccinated and attended the University of Cape Town
teaching hospitals were studied, and the findings were
reported by Abramowitz.l No increase in stillbirths, neo­
natal deaths or foetal abnormality rates was found. Naidoo
and Hirsch36 report foetal vaccinia following upon maternal
vaccination. They advise that vaccination should be avoided
during pregnancy. Tucker and Gibson,45 as well as Ent­
whistle and his co-workers,13 during a similar sweep of
vaccinations in Britain, found that it was not 'prudent' to
vaccinate during the first trimester of pregnancy, since the
disease may be passed to the foetus. The same prudency
might well be observed in administering live poliovirus,
although, according to Lepine,33 the Russians, who have
the greatest experience with live poliovirus, have never
reported harmful effects when it is administered in preg­
nancy. Sabin40 states that pregnant women infected with
poliovirus give birth to neither more nor different con­
genitally defective babies than do controls. There seems,
however, to be an excess of foetal deaths during the first
6 months of pregnancy.

The other problem - the management of the patient
who contracts viral disease during pregnancy - is the
common, difficult and tricky one, since virus infections
are not only ever present but, in many cases, almost
impossible to diagnose accurately. Epidemics of influenza
sweep the world at intervals. Asian influenza was the latest
major global culprit. In a survey of its effect on pregnancy
and infants taken in the maternity teaching hospitals of
Cape Town, Abramowitz2 made the observation that no
untoward effects were found. Coffey and Jessop,IO.ll how­
ever, found twice as many congenital malformations in
children of mothers who had had this illness as compared
with a control group. Doll12 states that Asian influenza
doubles the risk of anencephaly. Record38 deduces from
Scottish figures that on present evidence it seems as if
anencephaly is due to an infective agent. The difficulties
encountered in analyses are pointed out by Hill and
Galloway.20 Mumps and measles rarely affect women
during early pregnancy, but they also leave their scars on
a percentage of the offspring.39

Rubella
Rubella has been the source of great trouble. Usually
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a mild disease and certainly not always easily diagnosed,
it may leave its indelible imprint on an individual who has
not had it himself. An expectant mother contracting rubella
during the first 12 weeks of pregnancy runs the risk of
giving birth to a baby with deformities in the percentage
ranges 87 (Abel and Dellen, reported by Abramowitzl),
30'7 (Brown and athan),5 30 - 70 (Campbell),9 34 (Liggins
and Phillips),M 74 (Swan),43 50 (Rhodes),39 and 80 (Lamay).39
BelP collected 712 cases from the literature and studied the
histories. It was found that 149 developed cataracts, 263
were deaf, 210 had congenital heart lesions and 70 other
children were reported to show further defects. 221 were
believed to be normal. This is to quote but a few of the
many authors who have done prospective and retrospective
studies.

Clinicians deal with human beings and apply their
knowledge to the best of their abilities to individuals who
have done them the honour of seeking their advice and
treatment. The mother who has just given birth to her
baby invariably asks 'Is my baby alright, Doctor?' If she
is not immediately reassured she will seek that information
in her next question or series of questions. The possibility
of an abnormal child lurks subconsciously and the thought
is dispelled as soon as she receives the awaited answer.
The aim of good obstetrics is to deliver a live healthy
mother of a live healthy infant.

Medical and Legal Aspects
When confronted by a patient who has had proved

rubella during the early weeks of pregnancy, the searing
dilemma can be fully understood. Most women have read
their journals and have full knowledge of the facts. The
doctor responsible for the care during pregnancy, labour
and the puerperium, is aware of the risk to which the
foetus is submitted. The basic aim of obstetrics has, or
should have, been ingrained into his very being. The law,
according to Gordon, Turner and Pricd7 reads ' ... abor­
tion might be lawfully procured to save the life of the
mother from certain death ... '. How can these two
opposing views be reconciled?

I. By encouraging all young girls to contract German
measles and all the minor viral infections during their
school-going ages. Although the same individual may have
more than one attack of rubellal6 the chances are, in any
individual case, slight that this will happen. This sane con­
cept runs somewhat contrary to public health regulations.

2. Virologists should develop techniques so that women
contemplating pregnancy or those who have recently
become pregnant may be safeguarded against infections.
Isaacs22 has demonstrated that interferon, a substance pro­
duced by cells, has a broad antiviral action. It is non­
toxic and does not stimulate antibody reaction. It can there­
fore be administered frequently. However, as yet it cannot
be manufactured in commercial volume.

3. Patients who have been exposed to rubella should
be treated with convalescent gamma globulin. Of 251
women so exposed and treated, the disease was contracted
in 6.29 Adequate supplies should therefore be made avail­
able.

4. Should rubella be contracted during the early weeks
of pregnancy or during the month preceding pregnancy,~9

and if the diagnosis is firmly established, the problem is
indeed most difficult because the medical decision is

relatively straightforward, but its implementation does not
fit in with legal considerations.

Pregnant women who become infected by the rubella
virus immediately seek medical advice and are psycho­
logically deeply disturbed; usually they cannot be placated,
no matter what form attempts at reassurance take.

Changing the Laws
The time has therefore come for the medical profes­

sion to take the necessary steps to arrange a round table
conference with colleagues in the legal profession to set
about changing the laws -laws which have a strong moral
and ethical background, but which have possibly become
outdated by changing concepts. We know that the mental
strain laid upon a patient who knows that she runs a
great risk of giving birth to an abnormal baby - when
her whole soul hankers after a child - may drive her to
great depths of despair. She seeks help from her doctor,
who views her subjection to the probable disasters with
'pity and horror'.J5 If he finds that the pregnancy cannot
be terminated, she may carry on grimly, becoming ever
increasingly a psychological wreck with severe adverse
effects on husband, home and friends, and she may even­
tually give birth to an abnormal child. She may be told
at birth that the child is normal, but knows full well that
this little mite will have to be watched for years, since it
takes time for some abnormalities to rear their ugly heads.
The effect of an abnormal child in a family is both
psychological and material. An abnormal child receives
greater love and attention from the mother - at the ex­
pense of the normal members of the family. Abnormal
children are often deeply hurt because of hidden taunts
made by the cruellest of individuals - healthy young
children.

Remedial medical treatment is often extremely costly.
The abnormal child usually receives other luxuries, thereby
greatly diminishing what should have been spent on home
and family.

On the other hand, the mother may become utterly
dejected and by devious ways find herself in the hands of
an abortionist. This endangers her life since inferior people
do inferior work. If she survives this issue her chances of
pelvic inflammation with subsequent chronic ill-health and
infertility are increased. It would be so much better for
all concerned (if the diagnosis is established) if pregnancy
could be terminated by an experienced individual under
ideal conditions. Further pregnancy should be advised
since termination leads to psychological scarring which
can be greatly overcome by another wanted baby.

It has been said~6 that, once therapeutic abortion for
this condition is legalized, the diagnosis of rubella may be
falsely made in order to rid an expectant mother of an
unwanted pregnancy. There is nothing in this life that is
not open to perjury. Should a doctor be guilty of this
misdemeanour, he or she has no right to be a citizen held
in esteem, and, surely, there is a law dealing with that
particular crime. Serious consideration should be taken of
Parkes'37 statement that 'a man and a woman thrust life
on a new individual without his consent and for reasons
which are mainly egotistical. Surely there is a most urgent
need to forget ancient shibboleths and evolve ethics and
policies which n:concile humanitarianism and medical
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science: It is the duty of the medical profession to the
individual and to the nation to ensure that a baby is
·well born'.

CONCLUSIO

It is most stimulating to realize that vast inroads are made
into the unknown by men who think clearly. How pleasant
it must be to have a great truth revealed although in an
unrelated subject. Gregg18 has opened up vast fields of
research. The repercussion of his observations will yet
yield much fruit. So many questions remain unanswered.
Why are some babies not affected? Do molecules and
<living' particles actually cross the placental barrier or do
they pass through materno-foetal fistulae? Why is foetal
<leformity not dependent upon the severity of maternal
disease? Why do foetal abnormalities apparently vary from
one epidemic to another? Are the foetuses that get through
unscathed the carriers of rubella, as the wildebeest is of
malignant catarrh in cattle?

Time will reveal the answers provided research work is
constantly done. An important maxim is yet again high­
lighted in medicine: There is no known condition that has
not a special bearing on pregnancy. Obstetrics has gradually
changed from being a purely mechanical and manipulative
ubject to taking its rightful place in scientific and clinical

medicine.

REFERENCES

I. Abramowitz, L. J. (1957): S. Afr. Med. J., 31, I.
2. Idem (1958): Ibid., 32, 1155.
3. Bell, J. (1959): Brit. Med. J., I, 686.
4. Bender, S. (1950): Ibid., I, 980.
5. Brown, C. M. and 'athan, B. J. (1954): Lancet, 1, 975.
6. Brown, E. S. (1963): Brit. Med. J., I, 1000.
7. Leading article (1960): Ibid., 2, 1005.

8. Idem (1962): Ibid., 2, 1666.
9. Campbell. M. (1961): Ibid., I, 691.

10. Coffey, V. P. and Jessop, W. J. E. (1959): Lancet. 2, 935.
11. Idem (1963): Ibid., I, 748.
12. Doll, W. R. S. in Fishbein, M. ed. (1960): Congenital Malformations,

p. 124. Philadelphia: Lippincott.
13. EntwhistIe, D. M., Bray, P. T. and Lawrence, K. M. (1962): Brit.

Med. J., 2, 238.
14. Finn, R., Clarke, C. A., Donohoe, W. T. A., McConnell, R. B. and

Shephard, P. M. (1961): Ibid., I, 1486.
15. Fisher, E. (1963): Ibid., 1, 1089.
16. Fry, l., DilIane, J. B. and Fry, L. (1962): Ibid., 2, 833.
17. Gordon, I., Turner, R. and Price. T. W. (1953): Medical Jurisprudence.

Edinburgh: Livingstone.
18. Gregg, N. McA. (1941): Trans. OphthaJ. Soc. Aust., 3, 35.
19. Hiilesman. M. (1963): Ob.-Gyn. Collected Letters. 4, 45.
20. Hill, A. B. and Galloway, T. McL. (1949): Lancet. I, 299.
21. Huntingford. P. J. (1962): J. Obstet. Gynaec. Brit. Emp., 69, 1061.
22. Isaacs, A. (1961): Scientific American, 204, 51.
23. Keynes, G. (1952): J. Obstet. Gynaec. Brit. Emp., 59. 173.
24. Kirman, B. H. (1955): Lancet. 2, llB.
25. Leading article (1962): Ibid., 1, 307.
26. Idem (1963): Ibid., 1, 705.
27. Idem (1960): Ibid., 2, 800.
28. Annotation (1962): Ibid., I, 200.
29. Idem (1962): Ibid., 2, 495.
30. Idem (1962): Ibid., 2, 649.
31. Le.ading article (1962): Ibid., 2, 649.
32. Annotation (1963): Ibid., I, 208.
33. Lepine, P. (1963): J. Int. Fed. Gynec. Obstet. I, 49.
34. Liggins, G. C. and Phillips, L. I. (1963): Brit. Med. J., I. 711.
35. Ministry of Health (1960): Reports on Public Health and Medical

Subjects. no. IO!. London: Her Majesty's Stationery Office.
36. Naidoo, P. and Hirsch, H. (1963): Lancet. I, 196.
37. Parkes, A. S. (1963): Lancet, 1. 341.
38. Record, R. G. (1961): Brit. J. Prev. Soc. Med., 15, 93.
39. Rhodes, A. J. in Fishbein, M. ed. (1960): Congenital Malformations.

p. 106. Philadelphia: Lippincott.
40. Sabin, A. B. (1963): J. Int. Fed. Gynec. Obstet., 1. 4 .
41. Selzer, G. (1963): Lancet, 2, 337.
42. Speirs, A. L. (1962): Ibid., 1. 303.
43. Swan, C. (1949): J. Obstet. Gynaec. Brit. Emp., 56, 341.
44. Tondury, G. in Fishbein, M. ed. (1960): Congenital Malformations,

p. 126. Philadelphia: Lippincott.
45. Tucker, S. M. and Gibson, D. E. (1962): Brit. Med. J., 2, 237.
46. Vercueil, L. (1955): S. Afe. Med. J., 29, 303.
47. Waekany, J. (1960): Congenital Malformations. p. 99. Philadelphia:

Lippincott.
48. Weingold, A. B., Marais, G. H. (1963): Ob.-Gyn. Collected Letters,

4. 47.
49. Whitehouse, W. L. (1963): Lancet. I, 139.
50. Weight, G. A. and Owen, T. K. (1952): Brit. Med. J., I, 800.

THE ACTIVITY OF ENZYMES IN HUMAN DISEASE

J. E. KE CH, PH.D., D.Sc. (BRIS.), M.B., CH.B. (MANCH.), F.R.I.C., Department of Chemical Pathology, University

of Cape Town

Much of our newer understanding of human disease has
been acquired through the application to medical problems
of established biochemical knowledge, procedures and
techniques. The phenomenal growth of biochemistry was,
in its turn, made possible through the contributions of
organic and physical chemists towards the elucidation of
molecular structure and reaction kinetics of an apparently
endless number of cellular constituents. One notable recent
achievement, in 1961, was the unravelling of the complete
amino-acid structure of several haemoglobins, which only
2 years before had been confidently described as an im­
possible task. The future application of biochemical obser­
vations to the problems of human health and disease,
irrespective of whether these are made on other animals,
plants, or bacteria, will doubtless be even more rewarding
than hitherto. We have learned that the affairs of mice
and men are strangely similar at the molecular level.

Perhaps the most important recent developments from
the practical point of view - on the assay of numerous
enzymes, coenzymes and trace metabolites - are but the
realization of Gowland Hopkins' vision 30 years ago of the
cell as a dynamic, polyphasic multi-enzyme system. Be-

cause assays of enzymes provide important information
about the cause and course of human disease often not
available by any other means, patients' lives may depend
on correct results. The following discussion is intended to
emphasize some aspects of enzyme systems that are prov­
ing or promising to be important in human disease.

It seems advisable to stress, at once, that the activity
of an enzyme as determined in vitro may be quite different
from its activity in vivo. In general, enzymes within cells
are aggregated into structures such as mitochondria and
microsomes, in close proximity to one another, in con­
siderable excess of substrate requirements. Substrates are
passed smoothly from one enzyme system to the next and,
normally, there is very little accumulation of intermediates
of metabolism. The metabolic pools of most substances in
the body are small. Under conditions of health in vivo,
therefore, the rates of reaction will depend more on the
amounts of substrate, coenzymes, activators and inhibitors
than on the concentration of enzyme itself. Only in disease,
either through lack of the appropriate gene, enzymic inhi­
bition by noxious agents, or other adverse conditions that
obtain, such as abnormal concentrations of hydrogen or




