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Abstract:

The effects of various statins on platelet aggregation in blood samples from normal and diabetic rabbits were measured. All of the

statins used in our study inhibited platelet aggregation by about 20% at 1 µM. Our results show that diabetes increased the rate of

platelet aggregation from 48 ± 5% to 72 ± 8%, however, statins inhibited the rate of platelet aggregation by about 60% (p < 0.01). The

addition of leptin (125 ng/ml) to blood samples from healthy rabbits increased the aggregation rate to about 64%, but statins de-

creased this rate to about 26%. Our results indicate that diabetes increases the rate of platelet aggregation in rabbits and increases an-

tiplatelet efficacy of statins due to interactions with leptin.
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Introduction

It is well known that an elevated level of acetyl-CoA

in the platelets of diabetic subjects leads to ADP-

dependent platelet aggregation [10]. Moreover, blood

platelet hyperactivity is one of the main reasons for

atherosclerosis and microangiopathy associated with

diabetes [1]. Recently, a high correlation between se-

rum leptin levels and obesity and diabetes has been

demonstrated [5, 6, 13]. Leptin is a 16-kDa protein

that is produced mainly by adipocytes and is encoded

by the gene for obesity (ob gene). This hormonal

compound has several physiological and regulatory

effects and can induce ADP-dependent platelet aggre-

gation [2, 4]. Additionally, leptin related receptors on

platelets have been identified [7, 8]. The ability of

leptin to induce ADP-dependent platelet aggregation

seems to be of particular importance in diabetic pa-

tients and could explain the pro-aggregatory behavior

of platelets in patients with diabetes [14]. In contrast,

statins, which are the most commonly used hypoli-

pemic drugs, seem to have some antiplatelet action

when used in vivo, however, the mechanism of action

remains elusive [12]. In this study, we examined the

antiplatelet action of several statins in healthy and

diabetic rabbits using the experimental model of

alloxan-induced diabetes. Additionally, the influence

of leptin on the antiplatelet action of statins in rabbits

was analyzed.

Materials and Methods

All experimental procedures related to this study were

approved by the Local Ethics Committee of the Medi-

cal University in Gdañsk and are in accordance with

the “Principles of laboratory animal care” (NIH publi-
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cation no. 85–23, revised 1985). Animals were kept

under standard conditions of temperature, humidity

and light with free access to water, fresh vegetables

and commercial pellets.

Alloxan, leptin, pravastatin. mevastatin, cerivasta-

tin, lovastatin and all other reagents were obtained

from Sigma Chemical Co., St. Louis, MO., USA.

Leptin was prepared in 5 mM sterile HCl (0.5 ml/1

mg) to dissolve the protein, followed by 7.5 mM ster-

ile NaOH (0.3 ml/1 mg). The dissolved protein was

then stored at –20°C. The protein was diluted in

phosphate-buffered saline (PBS) (pH: 7.4) at a con-

centration of 125 mg/ml just before use.

The experiment was conducted using six white rab-

bits of uniform age (5–7 months, 3 males and 3 fe-

males). After the control measurements, animals were

made diabetic via intravenous (iv) infusion of alloxan

following 12 h of fasting, according to the well-

established model [15] but with a reduced dose of al-

loxan (120 mg/kg). The development of induced dia-

betes mellitus was confirmed by examining the fasting

glucose levels in the blood taken from the marginal ear

vein. Only rabbits with glucose concentrations of

more than 200 mg/dl three days after application of

alloxan were used in further experiments. The blood

sugar levels of rabbits were estimated using a Glu-

cometer (Accu Check, Roche, France) and commer-

cially available glucostix reagent strips.

Preparation of washed platelets

Fresh blood was collected into plastic tubes contain-

ing sodium citrate solution (1.9 g in 50 ml of water) as

previously described [3]. The blood was then centri-

fuged at 460 × g for 5 min (centrifuge type MPW-250,

MPW Medical Instruments, Poland) to obtain plate-

let-rich plasma. The platelet-rich plasma was centri-

fuged at 1,035 × g for 5 min at room temperature

(20–25°C) and washed twice with Tyrode’s solution.

Determination of platelet aggregation

Platelet aggregation was determined by a standard

turbidimetric method [3] using an optical aggregome-

ter (M-490, BIOGENET, Piaseczno, Poland) and is

expressed as an increase in light transmission. The

levels of light transmission were calibrated as 0% for

a platelet suspension and 100% for the Tyrode’s solu-

tion (pH: 7.35). Platelet aggregation was initiated by

the addition of 10 µM of ADP. After obtaining control

results (we did not observe any statistical differences

in aggregation rates between males and females), the

tests were performed in the presence of 4 different

statins (cerivastatin, mevastatin, lovastatin and pra-

vastatin) at concentrations ranging from 0.01 to 1 µM.

The tests were repeated in the presence of leptin

(125 ng/ml) and in diabetic rabbits (alloxan, 120 mg/kg,

iv). Statistical evaluation was performed using the un-

paired Mann-Whitney test. A mean difference of

p < 0.05 was considered as significant.

Results and Discussion

The main result of our study is that diabetes induced

by alloxan markedly augmented platelet aggregation

in rabbits but also enhanced the antiplatelet efficacy

of statins. We also clearly demonstrated that the

above-mentioned phenomenon could be explained by

the interaction of platelets with leptin and statins.

Indeed, we have shown that four different statins

can inhibit platelet aggregation in healthy rabbits (Fig.

1). Mevastatin and lovastatin exhibited the strongest

antiplatelet effects, however, the means between all

examined statins were not statistically different. To

elucidate the possible influence of diabetes on the

platelet aggregation rate, we used the alloxan model

of experimental diabetes (see Methods). First, we
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confirmed a significant rise of glucose blood levels

(data not shown) and then tested for the ability of

platelets to aggregate using the same animals (the

control group was later the diabetic group). Alloxan-

induced diabetes caused a significant increase in

platelet aggregation (Fig. 2). Moreover, the antiplate-

let action of statins, especially mevastatin and lova-

statin, was strongly augmented in comparison to their

effects in healthy rabbits. Assuming that the polypep-

tide leptin could be responsible for the enhanced

platelet aggregation in diabetic rabbits [11], we per-

formed a series of tests with blood obtained from

healthy rabbits supplemented with leptin [9]. The

concentration of leptin used in our experiments is in

accordance with the plasma concentration of this

polypeptide in some animals and humans with devel-

oped diabetes [9, 14]. Interestingly, under such condi-

tions, we obtained almost the same rate of platelet ag-

gregation as in diabetic rabbits (Fig. 2). Moreover, the

antiplatelet effect of statins was also enhanced, which

was similar to the effect seen in diabetic rabbits.

These results provide evidence of an interaction be-

tween statins and leptin, although the exact mecha-

nism responsible for this effect remains unknown. It is

well known that platelets contain leptin receptors [8],

which are stimulated by this polypeptide and induce

platelet aggregation. Our results indicate that statins

can prevent the effects of leptin on platelets. Moreo-

ver, data obtained in this study strongly suggest that

the diabetes-related hyper-aggregation of platelets ob-

tained from alloxan-treated rabbits is due to leptin hy-

peractivity. However, we did not determine the con-

centration of leptin in rabbit blood due to technical

problems (all commercial kits used for ELISA tests

contained rabbit antibodies against leptin of different

species, but none had antibodies against rabbit leptin).

The findings of previous studies, and the results of

this work support our hypothesis.

In this paper, we have shown the highly effective

antiplatelet action of statins in diabetic rabbits using

the experimental model of alloxan-induced diabetes.

Our results indicate that the above-mentioned action

of statins is due to the prevention of the pro-

aggregation effects of leptin.
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