
Journal of Clinical Pathology, 1979, 32, 434-438

Platelet aggregation studies during transient
hypoglycaemia
A potential method for evaluating platelet function
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SUMMARY The effect of acute hypoglycaemia on platelet function was examined in patients
undergoing an insulin stress test. Enhanced platelet aggregation was observed in all cases but
platelet count, platelet adenine nucleotides, and the plasma level of von Willebrand factor were
unchanged overall.
The onset of the hypoglycaemia-induced increase in platelet aggregation coincided with the lowest

blood glucose levels recorded and with the clinical signs of adrenaline release. Increased platelet
aggregation was maintained thereafter for the two-hour test period. There was no apparent cor-
relation with changes in cortisol, growth hormone, and prolactin. No change in platelet function was
observed after the administration of L-dopa.
We suggest that the measurement of platelet aggregation during a standard insulin stress test

may provide a means of evaluating platelet function in vivo and the influence of drugs thereon.

Platelets generate adenosine triphosphate as a source
of metabolic energy using glucose derived from the
plasma as substrate (Gross and Schneider, 1971),
and thus alterations in blood glucose may modify
platelet function. Increased platelet aggregability has
been demonstrated in diabetic patients (Heath et al.,
1971; Kwaan et al., 1972; Colwell et al., 1976), even
in those allegedly well controlled with insulin. Such
hyperaggregable platelets may be a more ready source
of arterial smooth muscle cell stimulating factor
released during aggregation (Ross et al., 1974) and
hence could influence the incidence of vascular com-
plications in diabetes. Conversely, in chronic hypo-
glycaemia (such as that associated with glycogen
storage disease, type 1), platelet aggregation (PAG)
is reduced (Hutton et al., 1976), leading to a mild
bleeding disorder in some cases. A decrease in plate-
let adenine nucleotides (AN) has been observed in
such patients, which might explain the defective
PAG, since both the platelet defects and the haemor-
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rhagic manifestations were corrected by maintaining
the blood glucose at a normal level.
The present study was undertaken in the light of

the above to determine whether platelet responses
and their nucleotide content alter during an acute
change in the blood glucose. For this purpose we
investigated platelet responses and hormone changes
during the transient hypoglycaemia induced by a
standard insulin stress test.

Methods

Our criterion for inclusion in this series was that
patients should achieve a glucose level below
2-4 mmol/l with simultaneous clinical manifestations
of hypoglycaemia.
None of the patients had ingested drugs influencing

platelet function in the 10 days before testing.
In each case the insulin stress test was performed

for evaluation of a possible pituitary-hypothalamic
disturbance, but in no instance was clinical or other
evidence of this subsequently found. An indwelling
venous catheter was inserted into fasting patients
lying recumbent at rest, and after a 20-30 minute
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'recovery' period the basal sample was collected and
soluble insulin (0-1 U/kg body weight) was injected
intravenously. Thereafter samples were collected at
30-minute intervals.
The catheter was connected to a three-way tap and

kept patent with saline. At each sampling the first
5 ml were discarded.

In four subjects, thyrotrophin releasing hormone
(TRH), 0-2 mg, and luteinising hormone/follicle
stimulating hormone releasing hormone (LH/FSH
RH), 0-1 mg, were also injected and an extra blood
sample was collected at 20 minutes. In three other
patients, similar studies were performed after an oral
dose (250-500 mg) of levodopa (L-dopa) given to
test growth hormone release.
A fraction of each blood sample was anti-

coagulated with 1/10th volume of 3-8% tri-sodium
citrate for the platelet studies. Platelet-rich plasma
(PRP) and platelet poor plasma were prepared
(Hardisty et al., 1970). The PRP platelet count was
not standardised before testing since in only two
cases did it vary significantly during the course of the
test. Aggregation was measured by nephelometry
(Born, 1962), results being expressed as percentage
fall in optical density of PRP 3 minutes after the
addition of aggregating agent. Several concentrations
of adenosine diphosphate (ADP) were tested against
the pre-insulin PRP, and that which gave an inter-
mediate degree of aggregation (20-60% ofmaximum)
was used for all subsequent samples. This concentra-
tion varied between 0-75 and 1 65 mM. A few
patients were also tested with adrenaline, collagen,
or ristocetin.

Platelet AN were measured by a modification
(Hardisty et al., 1970) of the firefly luminescence
method (Holmsen et al., 1966). Von Willebrand
factor (ristocetin co-factor) assays were performed
by the method of Weiss et al. (1973). Collagen
adrenaline and ADP were purchased from Sigma
Laboratories and ristocetin from Abbott Labora-
tories, and diluted for use in Owren's buffered saline,
pH 7-35.

Results

SYMPTOMS DURING INSULIN STRESS TEST
Classical symptoms of hypoglycaemia and adrena-
line release (Ginsburg and Paton, 1956) were first
noted about 20 minutes after insulin injection,
reached a peak between 30 and 45 minutes, and had
largely disappeared by 60 minutes.

BLOOD GLUCOSE (Fig. la)
The blood glucose fell precipitously after insulin
injection, lowest levels being recorded in the 30-
minute post-insulin samples. Thereafter levels rose

progressively, approaching baseline values at 2 hours.

PLATELET COUNTS
Two of the 10 patients showed a marked, sustained
rise in the platelet count of the PRP, starting 30
minutes after insulin. In a third, there was a rise at
30 minutes which had returned to around baseline
by 60 minutes. In the remaining seven patients, the
count did not change significantly during the test.

PLATELET AGGREGATION (Fig. lb)
In the 30-minute samples, PAG (expressed as a
percentage of the pre-insulin level) increased by a
mean of 65% (range 12-114%), and this coincided
with the onset of clinical signs of adrenaline release.
The enhanced aggregation reached a plateau or, more
often, fell slightly in the 60-minute post-insulin
samples but subsequently rose again somewhat to a
mean of 58% (29-112%) above baseline at 2 hours.
Although there was a wide variation in the degree of
enhancement of aggregation, the mean increase was
significantly above baseline at all time intervals
(P = 0-05). The injection of TRH and LH/FSH RH
appeared to have no significant effect on the PAG
pattern.
More variable results were obtained using other

aggregating agents. Two patients tested with collagen
showed increased PAG in all post-insulin samples.
On the other hand, only one of four patients tested
with ristocetin and none of three tested with
adrenaline showed any significant increase in PAG.
There were no significant fluctuations in von
Willebrand factor levels in any of five patients tested.

Platelet adenine nucleotides (Fig. ic)
No significant change in either the mean, total
platelet AN, or mean ATP :ADP ratio was recorded.
In one case, the AN level at 90 and 120 minutes post-
insulin fell to 40% and 50% respectively of the pre-
insulin values. The reason for this fall was not clear.
A normal ATP :ADP ratio was maintained through-
out, and so it is unlikely to have been the result of
depletion of the storage pool AN by, for example,
inadvertent generation of a trace of thrombin during
blood collection.

Hormone levels
All 10 patients showed a normal cortisol level
response, the peak occurring at 60-90 minutes. Six
patients showed a rise in growth hormone which was
most pronounced during the middle hour of the test,
while the other four showed no change. Serum pro-
lactin was measured in the four patients receiving
TRH. All showed an increase with a peak value at
20 minutes.
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Fig. 1 Changes in blood glucose, platelet aggregation, and platelet adenine nucleotides during the insulin stress test.

STUDIES AFTER L-DOPA ADMINISTRATION

There were no significant changes in platelet count,
PAG, or AN in three patients who received L-dopa.
An increase in growth hormone was noted in the
second hour but no adrenergic symptoms and no

other hormonal change.

Discussion

The significant finding in the present study, in
contrast to previous observations in chronic hypo-
glycaemia (Hutton et al., 1976), was that insulin-
induced hypoglycaemia is accompanied by a signi-
ficant enhancement of platelet aggregation, which
coincides with the lowest blood glucose levels
recorded and persists for at least 2 hours despite the
return of blood glucose to normal.
The procedure itself did not influence the results

since four patients not reported here because they
achieved inadequate hypoglycaemia did not show
enhanced aggregation. Two of these patients were

later retested and showed increased aggregation
accompanying the now adequate hypoglycaemia.
Furthermore, the patients tested with L-dopa did not
become hypoglycaemic and did not show enhanced
aggregation.

Insulin stimulates glucose metabolism in human
platelets (Karpatkin, 1967). Furthermore, platelets
suspended in a glucose-free medium have decreased
aggregability which is largely reversible on the addi-
tion of glucose (Kinlough-Rathbone et al., 1972), a

phenomenon which may involve the prostaglandin
thromboxane A2 (Horrobin and Manku, 1978).
These findings show a relationship between insulin,
glucose, and aggregation.

In healthy but not in adrenalectomised subjects,
hypoglycaemia stimulated release of adrenaline
(Ginsburg and Paton, 1956), a potent platelet-
aggregating agent which acts synergistically with
ADP (Ardlie et al., 1966). The enhanced aggregation
observed 30 minutes after insulin may thus be related
to adrenaline release. In support of this explanation,
platelet aggregation was almost invariably less at
60 minutes than at 30 minutes, and this decrease
coincided with the decline in the clinical severity of
the adrenergic response.

Also ADP enhanced aggregation while adrenaline
did not in three patients tested with both agents.
This could result from saturation of the adrenaline
receptors'.
Maintenance of enhanced aggregation during the

second hour of the test cannot be attributed directly
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to continuing adrenaline release since the latter is of
short duration, and all clinical signs had by then
disappeared. However, it is possible that adrenaline
somehow exerts a prolonged effect on platelets.
The role of other hormones should also be

considered. There was no correlation between either
basal cortisol levels or the extent of their rise during
hypoglycaemia and platelet aggregation. However,
we cannot exclude the possibility that this rise (or
some associated factor) influenced platelet response.

There is ample evidence that growth hormone
influences haemostasis (Merimee et al., 1970; Chiang
et al., 1975; Sarji et al., 1975). However, we observed
enhanced aggregation irrespective of whether or not
there was a rise in growth hormone during the insulin
stress test, and von Willebrand factor levels were un-
changed. Moreover, there was no increase in
aggregation in two patients after L-dopa when
growth hormone rose in the absence of any change
in blood glucose or cortisol.

Hyperprolactinaemia is occasionally a feature of
certain situations associated with an increased
incidence of thrombosis, such as anaesthesia and
ingestion of contraceptive pills, but we are unaware
of any direct evidence that prolactin influences
platelet aggregation, and our findings provide no
indication that it does.

Vasopressin is released during insulin-induced
hypoglycaemia (Baylis and Heath, 1977) but does
not cause aggregation in citrated PRP and is unlikely
to have influenced our results. Similarly, there is no
evidence that glucagon, which also rises during
hypoglycaemia, modified platelet aggregation.

Although at present we feel unable to account for
the aggregation changes observed, the situation
might be clarified by performing the test after
adrenalectomy, or by blocking the cortisol and
prolactin responses with cyproheptadine (Corenblum
and Whitaker, 1977).
From the practical point of view the insulin stress

test provides a means of stimulating platelet function
in vivo and may thus be a more appropriate model
than conventional in vitro methods for evaluating
anti-platelet drugs and for investigating the patho-
genesis of vascular disease.

References

Ardlie, N. G., Glew, G., and Schwartz, C. J. (1966).
Influence of catecholamines on nucleotide-induced
platelet aggregation. Nature, 212, 415-417.

Baylis, P. H., and Heath, D. A. (1977). Plasma-arginine-
vasopressin response to insulin-induced hypoglycaemia.
Lancet, 2, 428-430.

Born, G. V. R. (1962). Aggregation of blood platelets by
adenosine diphosphate and its reversal. Nature, 194,

927-929.
Chiang, T. M., Duckworth, W. C., Beachey, E. H., and
Kang, A. H. (1975). The effect of somatostatin on
platelet aggregation. Endocrinology, 97, 753-756.

Colwell, J. A., Halushka, A. V., Sarji, K., Levine, J.,
Sagel, J., and Nair, R. M. G. (1976). Altered platelet
function in diabetes mellitus. Diabetes, Supplement 2,
25, 826-831.

Corenblum, B., and Whitaker, M. (1977). Inhibition of
stress-induced hyperprolactinaemia. British Medical
Journal, 2, 1328.

Ginsburg, J., and Paton, A. (1956). Effects of insulin after
adrenalectomy. Lancet, 2, 491-494.

Gross, R., and Schneider, W. (1971). Energy metabolism.
In The Circulating Platelet, edited by Shirley A.
Johnson, Chapter 4, pp. 123-205. Academic Press,
London.

Hardisty, R. M., Hutton, R. A., Montgomery, D.,
Rickard, S., and Trebilcock, H. (1970). Secondary
platelet aggregation: a quantitative study. British
Journal ofHaematology, 19, 307-319.

Heath, H., Brigden, W. D., Canever, J. V., Pollock, J.,
Hunter, P. R., Kelsey, J., and Bloom, A. (1971).
Platelet adhesiveness and aggregation in relation to
diabetic retinopathy. Diabetologia, 7, 308-315.

Holmsen, H., Holmsen, I., and Bernhardsen, A. (1966).
Microdetermination of adenosine diphosphate and
adenosine triphosphate in plasma with firefly luciferase
system. Analytical Biochemistry, 17, 456-473.

Horrobin, D. F., and Manku, M. S. (1978). Lactic
acidosis, prostaglandin E1 and colchicine (Letter).
British Medical Journal, 1, 651.

Hutton, R. A., MacNab, A. J., and Rivers, R. P. A.
(1976). Defect of platelet function associated with
chronic hypoglycaemia. Archives of Diseases in
Childhood, 51, 49-55.

Karpatkin, S. (1967). Studies on human platelet glycolysis.
Effect of glucose, cyanide, insulin citrate, and agglutina-
tion and contraction on platelet glycolysis. Journal of
Clinical Investigation, 46, 409-417.

Kinlough-Rathbone, R. L., Packham, M. A., and
Mustard, J. F. (1972). The effect of glucose on the
platelet response to release-inducing stimuli. Journal of
Laboratory and Clinical Medicine, 80, 247-255.

Kwaan, H. C., Colwell, J. A., Cruz, S., Suwanwela, N.,
and Dobbie, J. G. (1972). Increased platelet aggrega-
tion in diabetes mellitus. Journal of Laboratory and
Clinical Medicine, 80, 236-246.

Merimee, T. J., Siperstein, M. D., Fineberg, S. E., and
McKusick, V. A. (1970). The microangiopathic lesions
of diabetes mellitus. An evaluation of possible causa-
tive factors. Transactions ofthe Association ofAmerican
Physicians, 83, 102-112.

Ross, R., Glomset, J., Kariya, B., and Harker, L. (1974).
A platelet-dependent serum factor that stimulates the
proliferation of arterial smooth muscle cells in vitro.
Proceedings of the National Academy of Sciences, 71,
1207-1210.

Sarji, K. E., Nair, R. M. G., Chambers, A. L., Laimins,
M., Smith, T. M., and Colwell, J. A. (1975). Increased
levels of von Willebrand's factor and platelet aggrega-
tion in diabetes mellitus (Abstract). Diabetes, Supple-

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.32.5.434 on 1 M
ay 1979. D

ow
nloaded from

 

http://jcp.bmj.com/


438 R. A. Hutton, D. Mikhailidis, K. M. Dormandy. and J. Ginsburg

ment 2, 24, 398.
Weiss, H. J., Hoyer, L. W., Rickles, F. R., Varma, A.,
and Rogers, J. (1973). Quantitative assay of a plasma
factor deficient in von Willebrand's disease that is
necessary for platelet aggregation. Journal of Clinical

Investigation, 52, 2708-2716.

Requests for reprints to: Dr R. A. Hutton, Haemophilia
Centre and Haemostasis Unit, The Royal Free Hospital,
Pond Street, Hampstead, London NW3 2QG, UK.

Reports and Bulletins prepared by the Association of Clinical Biochemists
The following reports and bulletins are published by the Association of Clinical Biochemists. They may be obtained
from The Publishing Department, British Medical Journal (ACB Technical Bulletins), B.M.A. House, Tavistock
Square, London WClH 9JR. Overseas readers should remit by British Postal or Money Order.

SCIENTIFIC REVIEWS (price £1 00/$2.00 each)

1 The assessment of thyroid function March 1971
F. V. FLYNN and J. R. HOBBS

2 Renal function tests suitable for clinical practice
January 1972 F. L. MITCHELL, N. VEALL, and R. W. E.
WATTS

3 Biochemical tests for the assessment of fetoplacental
function May 1975 C. E. WILDE and R. E. OAKEY
4 Test of exocrine pancreatic function March 1977
A. H. GOWENLOCK

TECHNICAL BULLETINS (price £1 -00/$2.00 each)

22 Bilirubin standards and the determination of bilirubin
by manual and technicon AutoAnalyzer methods
January 1971 BARBARA BILLING, RUTH HASLAM, and N.
WALD

23 Interchangeable cells for spectrophotometers and
fluorimeters September 1971 S. S. BROWN and A. H.
GOWENLOCK

24 Simple tests to detect poisons March 1972 B. w.
MEADE et al.

25 Blood gas analysers May 1972 K. DIXON

26 Kits for enzyme activity determination September
1972 S. B. ROSALKI and D. TARLOW

27 Assessment of pumps suitable for incorporation into
existing continuous flow analytical systems November
1972 A. FLECK et al.

28 Routine clinical measurements of transferrin in
human serum September 1973 K. DIXON

29 Control materials for clinical biochemistry (5th
edition) September 1973 J. F. STEVENS

30 Notes on the quality of performance of serum
cholesterol assays September 1973 s. s. BROWN

31 Determination of uric acid in blood and in urine
July 1974 R. W. E. WAITS

32 A survey of amino acid analysers readily available in
the United Kingdom September 1974 J. E. CARLYLE and
P. PURKISS

33 Definitions of some words and terms used in auto-
mated analysis November 1974 A. FLECK, R. ROBINSON,
S. S. BROWN, and J. R. HOBBS

34 Measurement of albumin in the sera of patients
January 1975 LINDA SLATER, P. M. CARTER, and J. R.
HOBBS

35 Investigation of the validity of temperature correction
factors for serum aspartate and alanine transaminases
March 1975 s. B. ROSALKI et al.

36 Factors influencing the assay ofcreatinine November
1975 J. G. H. COOK

37 A survey of enzyme reaction rate analysers readily
available in the United Kingdom July 1977 R. A.
SAUNDERS and R. F. BURNS

38 Transport of specimens for clinical chemistry an-
alysis November 1977 P. WILDING, J. F. ZILVA, and
C. E. WILDE

39 A scheme for the evaluation of diagnostic kits May
1978 P. H. LLOYD

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.32.5.434 on 1 M
ay 1979. D

ow
nloaded from

 

http://jcp.bmj.com/

