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is nevertheless considerable. The patient was not
previously hypertensive; no evidence for the more
common causes for hypertension at this age could be
found; and since she stopped taking oral contra-
ceptives her blood-pressure has remained normal,
although she has received no hypertensive treatment
for the past 14 months. The striking improvement in
the electrocardiograph emphasises the reduction in
blood-pressure and the apparent reversibility of the
hypertensive disease in her case. There is, further-
more, good evidence of persistently normal renal
function as illustrated by blood-urea and normal
creatinine clearance (130 ml. per minute). It seemed
unjustifiable to reintroduce oral contraception to see
if the hypertension recurred.

Laragh and his colleagues ® have attempted to
explain the pathogenesis of hypertension associated
with oral contraception on the basis of abnormalities
in renin-substrate concentration, endogenous renin
activity, and in aldosterone secretion, but they con-
cluded that the relevance of these abnormalities to
the development of hypertension was not clear
because similar effects could be seen in women who
were taking oral contraceptives but who had normal
blood-pressure. Woods *° suggested that hypertension
in these cases might be intensified because of the
metabolic action of cestrogen in causing retention of
salt and water. This explanation is unlikely to be
relevant to this case, since the patient was not pre-
viously hypertensive and salt-and-water retention of
a relatively moderate degree (i.e., not associated with
cedema), would not alone have been likely to have
produced such severe hypertension.

The mechanism for the development or enhance-
ment of hypertension in women on oral contraceptives
remains unknown, and it may be that more than one
factor is responsible. The occasional development of
malignant hypertension in a previously normotensive
individual is even more of an enigma, since it is
presumably unrelated to dosage or duration of treat-
ment and may apparently develop in the absence of
previous renal disease or pre-existing hypertension.
Although severe hypertension is probably an infre-
quent side-effect of oral contraceptives, I suggest
that the blood-pressure of women taking these
preparations should be checked at regular intervals,
say every 3 or 6 months, and that care should be
taken in prescribing them for patients with previous
hypertension or a strong family history of hyper-
tension.

I thank Dr. C. L. Joiner and Dr. M. H. Lessof for their
advice in the preparation of this report, and Dr. Joiner for
permission to publish this case.
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Preliminary Communication

INSULIN STIMULATION OF CHOLESTEROL
SYNTHESIS BY ARTERIAL TISSUE

R. W. Stout*
Department of Medicine, Queen’s University, Belfast

Rats given sodium [**C]-1-acetate and
insulin intravenously were killed 1 hour
later. Radioactivity levels in cholesterol in aortic tissue
were significantly higher than in rats given labelled
acetate alone. Levels in serum-cholesterol were not
significantly different, nor were aortic-tissue levels
when ['*C]-4-cholesterol was given with or without
insulin, The result suggests that insulin stimulates
cholesterol synthesis in the aortic wall.

Summary

INTRODUCTION

IT has been suggested that hyperinsulinism is
important in the atiology of human atherosclerosis,!
and there is some evidence that insulin influences
arterial lipid metabolism.2 2 Cholesterol is an important
constituent of the atheromatous lesion * and the factors
influencing cholesterol deposition in the arterial wall
are of potential significance in the problem of athero-
genesis. I have investigated the effect of insulin on
cholesterol metabolism in the aorta; the results are
discussed below.ﬂ

METHOD

Male Wistar rats, weighing 90-120 g. fed and un-
anasthetised, were investigated by the method previously
described.? The animals were given an intravenous injection
of a solution containing 10 pCi per 100 g. body-weight
sodium ['C]-1-acetate (specific activity 40-0 mCi per
mmole) and for half the animals, 100,000 . units insulin per
100 g. body-weight. 1 hour later the animals were killed.
After blood had been collected from the neck vessels, the
aortas were removed and carefully dissected free of adven-
titious tissue. The adequacy of removal of the adventitious
tissue was confirmed by histological and biochemical tests.5

Aortic lipids were extracted in chloroform/methanol
(2/1) ¢ and the purified solution made up to 2:5 ml. 0-5 ml.
samples were pipetted into counting vials, and evaporated
to dryness. The lipids were redissolved in the toluene-based
scintillation fluid and counted in a Packard ¢ Tri-Carb’
scintillation spectrometer. The defatted aortas were dried
in air and weighed. The serum-lipids were extracted in
chloroform/methanol by the method of Louis-Ferdinand
et al.”

The aortic and serum lipids were evaporated to small
volume and applied to thin-layer chromatography plates of
silica gel G (250 p thick). Pure standards were run on each
plate. The developing solution was hexane/ethyl-ether/
acetic-acid (90/15/1).7 After separation, the lipids were
stained with iodine and their position marked. The stain
was allowed to fade and the areas of silica gel G containing
the cholesterol fraction were scraped into counting vials.
The lipids were eluted with the toluene-based scintillation
fluid and counted. Experiments with standards showed an
809% counting efficiency, independent of the amount of
silica gel G used.

In another series of experiments, rats were injected with
2:5 ml. per 100 g. body-weight of a 5% bovine-albumin

* Present address: Hammersmith Hospital, London W.12.
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solution counting 25 pCi per 100 g. body-weight
[14C]-4-cholesterol (specific activity 50 uCi per mmole); half
of the animals received 100,000 y units insulin per 100 g.
body-weight, the others acting as controls. Aortic lipid
radioactivity 1 hour after injection was estimated as before.

RESULTS
The results are summarised in the table.

The mean radioactivity in aortic cholesterol 1 hour
after intravenous injection of labelled sodium acetate
was significantly higher in the rats given insulin. Thus
treatment with insulin resulted in the appearance of
a significant increase in the amount of labelled
cholesterol in the aortic wall. Possible ' mechanisms are
that insulin stimulates (@) cholesterol synthesis in the
aorta, (b) cholesterol synthesis elsewhere (resulting in
elevated serum-cholesterol levels and infiltration into
the aorta), or (¢) aortic uptake of cholesterol.

Data for serum-cholesterol radioactivity, converted

RADIOACTIVITY AFTER LABELLED ACETATE (EXPERIMENTS 1 AND 2)
OR LABELLED CHOLESTEROL (EXPERIMENT 3)

Mean +5.E.M. radioactivity

(c.p.m.) in:
Experiment t P
Insulin-treated
rats (13) Controls (13)
(1) Aortic cholesterol 176 4-0-10 1-344-0-14 | 239 | <0:0125

(2) Serum-cholesterol
(non-transformed)
(2) Serum-cholesterol

136:42 4-33:01 | 101'144+12:60| 0-99 | >0-20

(log) .. .. | 2:02740-83 1-95540-064 | 0-69 05
(3) Aortic cholesterol

(after labelled

cholesterol) e 7-68 1-6-52 11-04+1-20* | 0-51 03

* 14 animals.
1

to logarithms since they did not seem to be normally
distributed, were not significantly different between the
insulin and control groups. Correlation coefficients
(z) between aortic and serum-cholesterol radioactivity,
calculated using the r to z transformation for small
numbers, were —0-0372 (P >0-9) for the control group
and —0-1225 (»>0-7) for the insulin group, suggesting
that the aortic cholesterol radioactivity does not result
from an effect of insulin on serum-cholesterol.

The mean aortic-radioactivity levels after adminis-
tration of labelled cholesterol were not significantly
different, showing that insulin does not enhance the
uptake of serum-cholesterol by the aorta.

These results suggest that insulin stimulates the
synthesis of cholesterol in the aortic wall.

DISCUSSION

The origin of the cholesterol found in the aortic wall
has been the subject of conflicting reports. Many
workers believe that arterial cholesterol is an infiltrate
of plasma cholesterol,® but there is experimental
evidence that arterial tissue can synthesise cholesterol
from acetate.®® The aortic wall contains all the
enzymes known to participate in the metabolic path-
ways of other tissues.!!

As far as can be ascertained the effect of insulin on
cholesterol synthesis has not been previously described
in arterial tissue, or, indeed, in any other tissue. The
mechanism is not clear, but it may be due to enhanced
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transfer of acetate into the cells secondary to glucose
transport. Work is in progress to determine if this
effect is unique to arterial tissue.

The absence of an insulin effect on aortic uptake of
labelled cholesterol is similar to that found by
Christensen and Jensen,!? who used subcutaneous
insulin in rabbits. On the other hand, insulin inhibits
the regression of atheromatous lesions which occurs
when cholesterol-fed chickens are transferred to a
normal diet !* and causes increased deposition of
cholesterol when infused into the femoral arteries of
cholesterol-fed dogs with alloxan diabetes.* It has
recently been reported that in pancreatectomised rats
fed an atherogenic diet, treatment with insulin reduced.
the serum-cholesterol to that of non-diabetic controls,
but did not decrease the incidence or severity of their
vascular lesions, as had happened when a comparable
reduction of hypercholesterolemia had been effected
by dietary methods.!® There is thus strong experi-
mental evidence for an effect of insulin on cholesterol
deposition in the arterial wall.

There is little direct evidence on the effect of insulin
on serum-cholesterol levels. In animals, elevation of
serum-insulin levels to over double the normal value by
diverting pancreatic venous blood into the vena cava
and feeding sucrose results in a twofold increase in
serum-cholesterol.’® In rats, a high-sucrose diet results
in elevated cholesterol levels.!” It is possible that these
responses take longer to develop than the 1 hour
allowed in my experiments.

These results do not prove that insulin causes
accumulation of cholesterol in the arterial wall; further
work on this is in progress. However, demonstration
that insulin can stimulate cholesterol synthesis in this
tissue is relevant to the hypothesis that atherosclerosis
and deranged carbohydrate metabolism are causally
linked.

I thank the Belfast Hospital Management Committee for a
research fellowship during the duration of which this work was
carried out, Prof. J. Vallance-Owen for encouragement and help,
Mr. D. W. Neill and Mr. J. S. McKay for chromatographic
facilities and advice, and Dr. T. K. Bell for radioisotope facilities,
and Dr. J. D. Merrett for statistical advice.

REFERENCES

1. Stout, R. W., Vallance-Owen, J. Lancer, 1968, ii, 1078.
2, Mahler, R. F. in Diabetes Mellitus (edited by L. J. P. Duncan).
Edinburgh, 1966.
. Stout, R. W, Lancer, 1968, ii, 702.
. Adams, C. W. M. ibid. 1959, i, 1075.
. Stout, R. W. bid. 19609, ii, 327.
. Folch, J., Lees, M., Stanley, G. H. S. . biol. Chem. 1957, 226, 497.
. Louis-Ferdinand, R. T., Threeiault, D. G., Blatt, W. F., Mager, M.
Clin. Chem. 1967, 13, 773.
. Biggs, M. W., Kritchevsky, D. Circulation, 1951, 4, 34.
. Siperstein, M. D., Chaikoff, I. L., Chernick, S. S. Science, 1951,
113, 747.
10. Werthessen, N. T., Milch, L. J., Redmond, R. F., Smith, L. L.,
Smith, E. C. Am. J. Physiol. 1954, 178, 23.
11. Kirk, J. E. in The Biological Basis of Medicine (edited by E. E.
Bitter and N. Bitter); vol. 1, p. 493. New York, 1968.
12. Christensen, S., Jensen, J. J. Atheroscler. Res. 1965, 5, 258.
13. Stamler, J., Pick, R., Katz, L. N. Circulation Res. 1960, 8, 572.
14. Cruz, A. B., Amatuzio, D. S., Grande, F., Hay, L. J. ibid. 1961, 9, 39.
15. Wilson, R. B., Martin, J. M., Hartroft, W. S. Diabetes, 1969, 81, 225.
16. Feng, L. V., Miller, L. D., Kuo, P. T. Circulation, 1968, 38,
suppl. no. vi, p. 75.
17. Portman, O. W., Lowry, E. Y., Brune, D. Proc. Soc. exp. Biol. Med.
1956, 91, 321.

N s W

© 0

S

< o——

THE LAN

WHY A
Departme

Sumn
its origin
the exoc
suggeste:
that higt
significar
pancreas

A HUN
the most
had notic
fifty year
a steady
stained,
labelled,
Yet it is
form at ¢
consists ¢
cells—bu
mented i;
too, shoi
times big
times mc
the rat?
200 p an
sized fun

If one
endocrine
occupyin
the prodi
This is 11
vertebrat
lamprey,
develops
Langerha
from the
atrophyir
relationst
system is
order.? [
nodule of
of the b
Exocrine
probably
contact w
separatior
teleosts (t
tissue has
one or mc
teleost fis)

guppy hay
tissue. Ir
fish, sharl
can be se

* Present ad:
School.



