British Journal of Pharmacology (2007) 150, 105-111 @
© 2007 Nature Publishing Group ~ All rights reserved  0007-1188/07  $30.00

www.brjpharmacol.org

RESEARCH PAPER

Increased platelet aggregation in vivo in the Zucker
Diabetic Fatty rat: differences from the
streptozotocin diabetic rat
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Background and purpose: Diabetes mellitus, especially type 2, is associated with increased arterial thrombosis. Our aims were
(i) to characterize and compare platelet aggregation in vivo and in vitro in a type 2 diabetes model; and (ii) to determine
whether these results differ from those in a type 1 diabetes model.

Experimental approach: Platelet aggregation to ADP in lean or obese Zucker Diabetic Fatty (ZDF) rats and in streptozotocin
(STZ)-treated or control Wistar rats was measured in vitro, using Born aggregometry, and in vivo, by '"'Indium-labelled
pulmonary platelet accumulation.

Key results: In vivo, ADP responses were higher in obese (type 2 model) than lean ZDF rats. However, in vitro, ADP aggregation
did not differ between platelet-rich plasma from ZDF lean or obese rats; nor was any difference seen in ADP responses when
platelets from either lean or obese ZDF rats were suspended in plasma from obese or lean ZDF rats, respectively. In vivo, ADP
responses were similar in STZ treated (type 1 model) and control rats whereas, in vitro, isolated platelets from STZ diabetic rats
were more responsive to ADP aggregation than controls. Platelets from control or STZ-treated rats suspended in plasma from
STZ-treated rats exhibited reduced ADP aggregation, compared to when suspended in plasma from control rats.
Conclusions and implications: The platelet aggregation results obtained in vitro do not reflect those in vivo, therefore in vitro
aggregation data should be interpreted with caution. Moreover, both in vitro and in vivo, different diabetic models exhibit
important differences in platelet responsiveness.
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Introduction

The major physiological function of platelets is to mediate
the haemostatic response (Hourani and Cusack, 1991).
When a blood vessel is damaged, platelets adhere to the
exposed subendothelium, where they become activated and
aggregate to form a haemostatic plug, in order to arrest the
flow of blood and seal off the damaged vessel wall. Platelet
activation is controlled by several substances endogenous
to the vasculature, such as thrombin, collagen, adenosine
diphosphate (ADP), adrenaline and 5-hydroxytryptamine.
These agonists act through specific receptors expressed on
the platelet surface membrane and initiate signal transduc-
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tion pathways that lead to platelet activation. However, in
pathological conditions, platelets form thrombi at the site of
vascular lesions and these are associated with ischaemic
events and progression of atherosclerosis. Furthermore, there
is evidence of platelet hypersensitivity to aggregating agents
in patients with risk factors for coronary heart disease such as
hypertension, hypercholesterolaemia and diabetes mellitus
(Willoughby et al., 2002).

Most of the morbidity and mortality seen in patients with
diabetes mellitus, especially in type II (‘non-insulin depen-
dent’) diabetes, is the result of micro- and macrovascular
occlusive disease in which thrombosis plays an important
part (Nathan, 1993; Sobol and Watala, 2000). As platelets
play a pivotal role in thrombus formation, an increase in
platelet reactivity is one potential mechanism that could
explain the increased incidence of thrombotic disease seen
in the diabetic population (Winocour, 1992; Colwell and
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Nesto, 2003). Although, overall, results are conflicting,
support for this suggestion has come from studies which
have demonstrated increased in vitro aggregation responses
of washed platelets from both diabetic patients (Vericel et al.,
2004) and experimental animals rendered hyperglycaemic
(Eldor et al., 1978). However, some studies of platelet
aggregation in plasma or whole blood have suggested that
platelets in diabetes are in fact similarly reactive to control
platelets (Judge et al., 1995). Although the reasons for this
discrepancy are unclear, part of the explanation may relate
to the presence, in some models, of as yet uncharacterized
platelet inhibitory factors (or by the lack of stimulating
factors) in diabetic plasma (Eldor et al., 1978; Takahashi et al.,
1986; Takiguchi et al., 1992).

Increased platelet reactivity could also be due to reduced
production of factors that inhibit platelet activation, in
particular, nitric oxide (NO). NO is produced by both the
vascular endothelium and by platelets themselves, and
inhibits platelet aggregation and adhesion. Endothelial-
derived NO has been shown to be reduced in diabetes
(Sobrevia and Mann, 1997), as has platelet-derived NO
(Queen et al., 2003). Although the importance of platelet-
derived NO is still unclear, there is evidence to suggest that
it acts as a negative feedback system to regulate platelet
aggregation (Radomski et al., 1990), as well as being
important in the regulation of platelet recruitment (Freed-
man et al., 1997). Defects in the normal modulator role of
the endothelium on platelet function in vivo may also be
crucial in the development of vascular thrombotic complica-
tions in diabetes (Cohen, 1993; De Vriese et al., 2000).

Although several groups have reported in vitro platelet
aggregometry data in both animal and human diabetes, very
few data exist on platelet responses in vivo in diabetes. We
and others have characterized extensively a radio-isotopic
method for studying platelet responses in vivo in experi-
mental animals (Page et al., 1982; Oyekan and Botting, 1986;
May et al., 1990; Itoh et al., 1996). In the present work, we
have employed the widely used Zucker Diabetic Fatty (ZDF)
rat model of type II diabetes to characterize type II diabetes-
induced alterations in (i) intrinsic platelet responsiveness, as
determined with platelets in vitro, and (ii) platelet respon-
siveness in vivo, assessed as pulmonary platelet accumulation
in the whole animal. We have also measured the same
parameters in control and streptozotocin (STZ)-treated rats (a
model of type 1 diabetes) to determine whether in vitro and
in vivo platelet responsiveness may differ between models
of diabetes.

Methods

Animals

Male ZDF obese (fa/fa) and lean (fa/+) rats (Charles River,
Margate, UK) were obtained at 6 weeks of age. They received
Purina 5008 chow and water ad libitum. Adult male Wistar
rats (Harlan UK Ltd, Bicester, UK), aged 7 weeks at time of
receipt, received a standard chow diet and water ad libitum.
All experiments were performed in accordance with Home
Office Guidance on the Operation of the Animals (Scientific
Procedures) Act 1986. ZDF rats were maintained on Purina
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5008 chow until 11-12 weeks of age, at which time point
they were studied. Wistar rats were rendered hyperglycaemic
by a single intraperitoneal (i.p.) injection of STZ 50 mgkg™"
in 0.9% sterile saline. Control animals were treated with an
equal volume of saline (0.1ml1100g~!, i.p.); 48-72h post-
injection, urine glucose levels were measured using Diastix
urine reagent strips to confirm diabetogenesis. Animals were
studied 3 weeks following STZ treatment.

On the day of experiment, all animals were anaesthetized
with urethane (1.5gkg !, i.p.), a small blood sample (100 yl)
was obtained from a tail vein and blood glucose was
measured in this sample using an Advantage II Accu-Check
monitor.

Preparation of platelets

Blood, 4.5ml, was collected from the abdominal aorta of
urethane-anaesthetized animals into 0.5 ml trisodium citrate
(3.8% w/v) and centrifuged (250g, 15min, room tempera-
ture) to obtain platelet-rich plasma (PRP).

For in vitro platelet aggregation studies, PRP was centri-
fuged (650g, 15 min, room temperature) and, after removal
of the supernatant plasma, the surface of the platelet pellet
was rinsed three times with Ca?*-free Tyrode solution
(composition in mM: NaCl 137; KC1 2.7; MgSO,4 1.0; NaHCO;
11.9; NaH,PO4 0.42; glucose 0.56; HEPES 5.0; pH 7.4) and
the pellet subsequently resuspended in the same buffer.

For in vitro studies of the effect of plasma on platelet
aggregation, PRP pooled from 3 to 4 animals was split into
two aliquots and centrifuged (650¢, 15 min, room tempera-
ture) to pellet the platelets. Platelets from lean or obese ZDF
rats were then resuspended in platelet-poor plasma (PPP)
from either group. Similarly, platelets from control and STZ-
treated animals were resuspended in PPP from either group.

For in vivo platelet accumulation studies, platelets were
radiolabelled with '"'Indium (*''In) essentially as described
previously (Page et al., 1982; May et al., 1990). Briefly, PRP
was buffered in Ca®*-free Tyrode solution containing
prostaglandin E; (PGE;; 300ngml~!) and centrifuged at
650¢ (15min, room temperature). After removal of the
supernatant, the surface of the platelet pellet was carefully
rinsed with the same buffer solution. The platelets were
gently suspended in 1 ml buffer and incubated for 5min at
room temperature with 1.5 MBq '''In oxine. After a further
centrifugation (650¢, 15 min, room temperature), the super-
natant containing free ''In oxine was removed and the
platelets resuspended in 1ml buffer. In order to ensure that
the changes in radioactivity seen were due to platelet
accumulation and not simply a consequence of changes in
blood distribution, in some experiments erythrocytes were
harvested instead of platelets, labelled with 1'In and used in
experiments following the same protocol described above.

In vitro measurement of platelet aggregation

Aggregation responses of isolated platelets in Tyrode buffer
or platelets suspended in plasma were measured turbidime-
trically using a Payton dual-channel 600B model aggreg-
ometer. Samples, 300 ul, at 37°C were stirred at 600r.p.m.
with a magnetic stirrer. The aggregometer was calibrated



using the light transmission of PRP/platelet suspension and
PPP/Tyrode buffer to represent O and 100% aggregation,
respectively. Following the addition of Ca** (final concen-
tration 1 mM), in order to re-establish physiological ambient
Ca®" concentration, aggregation was stimulated with ADP
(concentration range 0.3-30 uM) and recorded for 2min or
until a plateau was reached. Preliminary experiments, using
serial dilutions of PRP (up to 1:5), established that %
aggregation responses to ADP were not affected by platelet
count in the PRP (data not shown).

In vivo measurement of labelled cell accumulation

In vivo cell accumulation responses were measured essen-
tially as described previously (May et al., 1990). '!'In-labelled
platelets (or, in some experiments, '''In-labelled erythro-
cytes) were administered to urethane-anaesthetized rats via
a butterfly cannula placed in a tail vein, and allowed to
equilibrate in the circulation for 40 min before challenge
with platelet agonists. This also allowed time for the small
amount of PGE; injected with the labelled cells to be
inactivated, as the pharmacological half-life of PGE, in the
rat has been shown to be approximately 9 min (Perper et al.,
19735). Furthermore, this allowed the radiolabelled platelets
to re-equilibrate in a normal calcium environment. Circulat-
ing ''In-labelled cells were continuously monitored in the
pulmonary circulation by means of 2.5 cm crystal scintilla-
tion probes placed over the thorax. Counts were detected
with a multi-channel gamma spectrometer (Nuclear Enter-
prises Ltd, Edinburgh, UK) and logged, via a special
application interface (AIMS 8000, Mumed, London, UK),
by a microcomputer.

Following administration of intravenous bolus doses of
ADP (dose range 1-30 ugkg ™), radioactivity in the pulmon-
ary vasculature was continuously monitored, and changes
from stable baseline values before injection were stored and
expressed as percentage change. Responses are expressed as
(a) peak response (maximum % change); and (b) area under
the curve (AUC; overall response, measured over 90s)
(Figure 1).
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Figure 1 A typical experimental trace showing the effect of ADP

(15ugkg™") on platelet accumulation in vivo. The results are
expressed as changes in radioactive counts in the lung and abdomen
as a function of time. The diagram also shows the two parameters —
peak height and AUC (over 90s) - that were used to assess
responses.
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Biochemical analyses

Plasmal cholesterol and triglycerides. Total cholesterol and
triglycerides were measured on a Vitros 950 analyser (Ortho
Diagnostics, Amersham, UK).

Plasma von Willebrand factor. von Willebrand factor (VWF)
antigen levels in plasma samples were measured using
a sandwich enzyme-linked immunosorbent assay (ELISA)
(Helena Labs, Beaumont, Texas, USA) on 96-well plates.
Tetramethylbenzidine (TMB) was used as chromogen and
optical densities were read at 450nm. Values were inter-
polated from a standard curve and expressed as % of a
standard plasma sample.

Plasma nitrate + nitrite. Nitrate + nitrite (NOx) levels in
plasma samples were measured using a commercial Griess
colorimetric assay (Cayman Chemical, Ann Arbor, Michigan,
USA) on a 96-well plate. Optical densities were read at
540nM and values interpolated from a standard curve.
Values are expressed as uM.

Plasma insulin. Insulin levels in plasma samples were
measured using a commercial rat/mouse insulin solid phase,
two-site ELISA kit (Mercodia, Uppsala, Sweden) in 96-well
plates. TMB was used as chromogen and optical densities
were read at 450nm. Values were interpolated from a
standard curve and are expressed as ngml .

Plasma advanced glycation end products. Advanced glycation
end products (AGEs) in plasma samples were measured by
competitive, carboxymethyllysine (CML)-specific ELISA in
96-well plates. o-Phenylene diamine was used as the colori-
metric substrate and optical densities were read at 490 nm.
Values are expressed as ugml~' CML.

Data analysis and statistical procedures

Data are expressed as meants.e.m. values throughout.
Statistical analyses were by analysis of variance with or
without repeated measures as appropriate, followed by
Bonferroni’s post hoc test. P<0.05 (two-tailed) was consid-
ered statistically significant.

Materials

ADP, insulin, PGE;, STZ and urethane were obtained from
Sigma Chemical Company (Dorset, UK). '''In oxine was
from Amersham plc (Little Chalfont, UK). Sterile saline was
purchased from Baxter Healthcare (Thetford, UK). Diastix
Urine Reagent strips were from Bayer (Newbury, UK) and the
Advantage II Accu-Check Monitor and blood glucose sticks
were from Roche (Lewes, UK). Insulin ELISA kit was obtained
from Mercodia AB, Sweden.

Results

Characteristics of ZDF rats
The morphological and biochemical characteristics of lean
and obese ZDF rats (at 11-12 weeks of age) are shown in
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Table 1 Morphological and biochemical characteristics of ZDF rats
Lean Obese
Weight (g) 30245 351 +4*
Glucose (mm) 7.6+0.4 26.0+0.8**
Total cholesterol (mmol I’1) 1.55+0.03 2.80+0.22*
Triglycerides (mm) 0.72+0.04 4.76 +£0.56**
VWF (% of reference) 20.3+0.6 27.7+0.2*
NO, (uM) 3.54+0.4 9.241.4*
Insulin (ngml~") 1.1140.28 2.96+0.59*
CML (ugml™) 0.92+0.05 1.09+0.11

Abbreviations: CML, carboxymethyllysine; VWF, von Willebrand factor; ZDF,
Zucker Diabetic Fatty.

Measurements were carried out on blood or plasma samples from 11- to 12-
week-old animals. *P<0.05, **P<0.01; n=18/group (weight and blood
glucose) or n=4/group (all other measures).

Table 1. Obese ZDF rats were heavier than lean animals and
had higher blood glucose levels. Obese ZDF rats had higher
plasma levels of total cholesterol, triglycerides, insulin, NOx
and vWF than their lean counterparts. There was no
difference in CML levels between the two groups.

In vivo platelet aggregation (ZDF rats)

In vivo, in anaesthetized ZDF rats, ADP dose-dependently
induced reversible accumulation of radiolabelled platelets in
the pulmonary vasculature, assessed as an increase in
radioactive counts in the thoracic region. In all experiments,
increases in measured radioactivity over the thorax were
mirrored exactly by corresponding decreases in the abdom-
inal counts (as exemplified by the trace shown in Figure 1);
therefore, for clarity, only results for pulmonary platelet
accumulation are reported here. Pulmonary platelet accu-
mulation in response to ADP in vivo was greater in obese ZDF
than in lean ZDF rats, both as determined by maximal
responses and by AUC (Figure 2).

In vitro platelet aggregation (ZDF rats): effect of plasma

To determine whether the plasma environment exerted an
effect on platelet aggregation responses to ADP, platelets
isolated from lean and obese ZDF rats were each split into
two aliquots. One aliquot of each platelet type was
resuspended in plasma from lean ZDF rats and the other
aliquot in plasma from obese ZDF rats. Aggregation
responses were not different when either lean or obese ZDF
rat platelets were suspended in plasma from obese ZDF rats as
compared with that from lean ZDF rats (Figure 3).

In vivo platelet aggregation (STZ rats)

STZ-treated rats at 21 days post-treatment were lighter than
control Wistar rats (238 +4 vs 299+4¢g, P<0.05; n=18-23),
had higher blood glucose concentrations (28.3+0.8 vs
6.3+0.2mM, P<0.01; n=18-23) but had similar cholesterol
levels (1.34+0.05 vs 1.30+0.05mM; n=18-23). In vivo
aggregation responses to ADP were determined using radio-
labelled platelets as before. No difference was found in peak
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Figure 2 ADP-induced platelet aggregation responses in vivo in
ZDF rats. Pulmonary platelet accumulation responses expressed as
peak height (a) and AUC (b) in lean (n=15) and obese (n=6) ZDF
rats. Vertical lines show s.e.m.
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Figure 3 Effect of plasma on platelet aggregation in vitro in ZDF
rats. ADP-induced aggregation responses in vitro of platelets from (a)
lean and (b) obese ZDF rats following resuspension in plasma from
lean and obese rats as indicated. Vertical lines show s.e.m., n=6
experiments per group.

height or AUC between STZ-treated and control rats,
following administration of ADP (Figure 4).

To verify that the changes in radioactivity seen in these
experiments truly reflected platelet accumulation and were
not simply the result of changes in blood flow or distribu-
tion, additional experiments were performed in control
Wistar rats substituting '!!In-labelled erythrocytes for
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Figure 4 ADP-induced platelet aggregation responses in vivo in
STZ-treated rats. Pulmonary platelet accumulation responses
expressed as peak height (a) and AUC (b) in control (n=9) and
STZ-treated (n=8) rats. Vertical lines show s.e.m.

Mn-labelled platelets. Changes in erythrocyte-associated
radioactivity recorded in the pulmonary vasculature were
negligible, with peak responses of 2.8 +1.0% following ADP
30ugkg ! (n=5).

We also wished to determine whether acute hyperglycae-
mia could affect platelet aggregation responses in vivo. To
assess this, we infused glucose into normal Wistar rats to
achieve a blood concentration of 18.5 +3.8 mM. Elevation of
blood glucose to this level had no observable effect on ADP-
induced platelet aggregation (n=4 experiments; data not
shown).

In vitro aggregation of isolated platelets (STZ rats)

ADP evoked a concentration-dependent aggregation in
isolated platelets from both control and STZ-treated animals.
ADP-induced aggregation responsiveness of platelets from
STZ-treated rats was shifted to the left compared to that of
platelets from control rats (Figure 5).

In vitro, ADP-induced aggregation responses of control
Wistar rat platelets incubated with 25mM glucose were
unaffected as compared with platelets incubated with 5 mMm
glucose (Figure 6). Insulin, at two levels similar to those
found in the blood of lean and obese ZDF rats, respectively (1
and 3ngml’l; see Table 1), had no effect on ADP-induced
aggregation when incubated with control Wistar rat platelets
in vitro (n =4 experiments; data not shown).

In vitro platelet aggregation (STZ rats): effect of plasma
The in vivo aggregation data suggested that platelets in STZ-
treated animals are not more responsive to ADP than
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Figure 5 In vitro platelet aggregation in STZ-treated and control
rats. ADP-induced aggregation responses in vitro of isolated platelets
from STZ-treated and control Wistar rats. Vertical lines show s.e.m.,
n=6 experiments per group.
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Figure 6 Effect of 25 mMm glucose on platelet aggregation in vitro.
ADP-induced aggregation responses in vitro of platelets from control
Wistar rats incubated with 5 and 25 mm glucose. Vertical lines show
s.e.m., n=4 experiments.

platelets in control animals. On the other hand, the in vitro
data on isolated platelets suggested that platelets from STZ-
treated rats are in fact more sensitive to ADP. In order to
determine whether the plasma environment has an impor-
tant influence on platelet responses in this model, platelet
aggregation to ADP was measured in vifro using platelets
from STZ-treated or control rats suspended in plasma from
either STZ-treated or control rats. Platelets from controls,
when suspended in plasma from controls, aggregated to a
greater degree in response to ADP than when they were
suspended in plasma taken from STZ-treated animals
(Figure 7a). Similarly, platelets taken from STZ-treated
animals aggregated more in response to ADP when sus-
pended in plasma from controls than when suspended in
plasma from STZ-treated rats (Figure 7b).

Discussion and conclusions

The in vivo model of platelet accumulation used in this study
has previously been validated (Page et al., 1982; Oyekan and
Botting, 1986; May et al., 1990, 1991; Itoh et al., 1996) and
provides a reliable and reproducible method of assessing
platelet aggregation responses in vivo. It reflects true
accumulation of platelets in the pulmonary vasculature that
is not simply a consequence of changes in blood flow or
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Figure 7 Effect of plasma from STZ-treated or control Wistar rats on
platelet aggregation in vitro. ADP-induced aggregation responses
in vitro of platelets from control rats (a) and platelets from STZ-treated
rats (b) suspended in plasma from either control or STZ-treated rats
as indicated. Vertical lines show s.e.m., n=6 experiments per group.

distribution, as shown by the lack of effect of ADP when
labelled erythrocytes were substituted for labelled platelets.
Moreover, we have previously shown the presence histolo-
gically of platelet aggregates within the pulmonary vascu-
lature at the time of peak accumulation of radiolabelled
platelets (Dewar et al.,, 1984). The procedures of platelet
isolation, radiolabelling and reinjection all have the poten-
tial to modify platelet functions; although there is the
potential for such activation of donor (labelled) platelets to
occur, following injection the donor platelets constitute only
a very small fraction of the recipient animal’s own platelets,
and therefore measurement of their accumulation will in
fact reflect responses occurring in the platelets of the
recipient rather than of the donor animal (Oyekan and
Botting, 1986).

Our results show that the platelets of obese ZDF rats are
significantly more responsive to ADP-induced aggregation
in vivo than are those of lean ZDF rats, in terms of both peak
height and AUC responses. This is the first study to show
increased platelet reactivity in ZDF rats and in particular to
show that this is the case in vivo. In contrast, platelets from
obese ZDF rats were no more responsive to ADP in vitro than
platelets from lean ZDF rats, and — unlike in the case of STZ-
treated rats — plasma from obese ZDF rats had no inhibitory
effect on ADP-induced platelet aggregation in vitro.

In the STZ model, in vitro, platelets from STZ-treated
animals were more responsive than those from control
animals to ADP, in general agreement with similar studies
carried out by others (Eldor et al., 1978; Dunbar et al., 1990;
Takiguchi et al., 1991; lida et al., 1993). In contrast, in vivo,
platelets from STZ diabetic animals were similarly responsive
to ADP as those from control rats. This finding is consistent
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with those reported by Takiguchi et al. (1991) who showed
that photochemical thrombosis in vivo was slower in onset in
STZ diabetic rats than in control animals. The discrepancy
between these in vitro and in vivo observations may be
explained by our in vitro plasma crossover studies, as we
found that plasma from STZ diabetic animals has an
inhibitory effect on aggregation of platelets from either
group of animals, relative to plasma from control animals.
These findings, which accord with previously published
studies (Eldor et al., 1978; Takahashi et al., 1986; Judge et al.,
19935), indicate that, even though platelets from STZ diabetic
rats are intrinsically more sensitive to aggregating agents,
this is counteracted by one or more factors, whose nature
remains unclear, in their plasma which inhibit the aggrega-
tion response (or, conceivably, by the lack of factors which
enhance the aggregation response in non-diabetic animals)
of platelets. Such is not the case, however, in the ZDF model
of diabetes.

Our study shows also that glucose per se is not responsible
for the observed changes in platelet reactivity, as acute
elevation of glucose levels, both in vitro and in vivo, had no
significant effect on ADP-induced platelet responses. More-
over, our results suggest that a deficiency in NO cannot
explain the increase in ADP aggregation responses seen in
obese ZDF rats in vivo. Although NO is known to inhibit
platelet recruitment, adhesion and aggregation, we found
that obese ZDF rats actually exhibited higher NOx levels
(which are a reflection of whole body NO production) than
their lean counterparts, despite exhibiting increased ADP
aggregation responses in vivo. It is possible that the increase
in NO in these animals serves to partially offset the increase
in ADP responses, although this is speculative at present.

A major focus of our study was to examine overall platelet
responsiveness, and in particular to ascertain whether
thoracic platelet accumulation (as a reflection of platelet
thrombus formation in the pulmonary vasculature) in vivo is
greater in diabetic than in control animals. The techniques
used here do not allow us to draw any conclusions regarding
more subtle and specific changes in platelet function, for
example, alterations in platelet-vessel wall interactions. In
future studies, it will be useful to determine changes in
adhesion to both cultured vascular endothelial cells and to
intact arterial segments, as well as in platelet expression of
adhesion molecules and other markers of platelet activation
(e.g. beta thromboglobulin, thrombomodulin, platelet factor
4), in diabetic and control animals.

In the present work, we have studied only aggregation
responses to ADP, which is considered to be an important
physiological mediator of platelet aggregation. It is released
from dense granules of platelets, and acts principally
through the platelet P2Y;, receptor (and also to a smaller
degree the P2X; and the P2Y; receptors) to induce platelet
activation and subsequent aggregation. Clinically, the P2Y;,
receptor antagonist clopidogrel is widely used for the
prevention of arterial thrombotic disease in patients at high
risk of this; and evidence from large trials shows that
clopidogrel is more effective in preventing thrombotic
events in diabetic than in non-diabetic patients (Diener
et al., 2005). This may possibly be related to an increase in
ADP sensitivity of their platelets, although at present this is



speculative. Nevertheless, this confirms the importance of
ADP as a stimulus for thrombotic disease especially in
diabetic patients. In future studies, it will be useful to
determine whether the changes in ADP response documen-
ted in the present work are specific to ADP or whether they
occur also with other pro-aggregatory agents such as
collagen or thromboxane A,.

The results of this study show that, in an animal model of
type II diabetes, platelet aggregation is increased in vivo, as
determined by pulmonary accumulation of platelets in
response to ADP. This may contribute to the increase in
arterial thrombotic events seen in this condition, so that an
increased ability of platelets to aggregate coupled with
endothelial dysfunction and vascular damage combine to
give rise to both macrovascular and microvascular disease.
Our study also demonstrates that different models of
diabetes may yield very different results; we found that, in
the case of the STZ diabetic rat (a widely used model of
diabetes, which is in fact a model of type 1 diabetes), in vivo
platelet responses were not increased. These findings
demonstrate that platelet responses may not necessarily be
extrapolated from one animal model to diabetes more
generally. Finally, our study demonstrates that in vitro
platelet aggregation data do not necessarily reflect in vivo
platelet responses, as exemplified by our data in both ZDF
and STZ diabetic rats, and that the pathophysiological
relevance of in vitro platelet aggregation results, in isolation,
should be interpreted with caution.
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