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Abstract 

The effects of male hormones on hemos’iasis were studied. Meste- 
rolonr was injected daily (2 mg/kg) for 4 weeks. In another group 
castration was, done and blood was taken 6 weeks after the operation. 
Th(> results were compared to normal adult male rats. The parameters 
used were Yo platelet aggregability induced by collagen. prothrombin time 

(PT), activated partial thromboplastin time (APTT) in seconds. fibrinogen 
level (FIB) in mg/lOO ml and antithrombin 111% (ATIIIW). The results 
obtained showed that mesterolone stimulated platclct aggrrgability whilr 
castration inhibited it. Male hormones stimulate platrlet aggregability 
most probably through increased generation of thromboxanc A.,. PT, APTT 
and FIB showed no significant change, while ATIIIW increased signi- 
ficantly under the influence of mesterolone. These negative res#ults may 
he due to the absence of a stimulatory effect of male hormones on coa- 
gulation factors or an incrrase in the synthesis of some coagulation pro- 
teins occurred but was masked by the increase in ATIIIW. Prolonged PT, 
APTT and decreased FIB level in castrated rats could be due to drcrease 
in protein synthesis due to lack of male hormones in castrated rats. 

Introduction 

GONADAL steroids have been suggested 

i0 play a role in regulating platelet func- 

tion in the rat and guinea pig. [l]. Chan- 

;es in platelet aggregability in response to 

:strogens and progesterone have been re- 

sorted [2]. The effect of androgens on 

.his system, however, has not been clari- 

ied. Several reports have substantia- 

ed the hypothesis that alterations of 

;ex hormones, especially low testosterone 

in men, represents a risk factor for coro- 

nary artery disease [3,4]. 

Normal male rats have been reported 

to yield platelets that are IO times more 

responsive to aggregating agents than 

those removed from females of the same 

age [Il. Still, other studies indicate that 

male rats with experimentally induced 

occlusive arterial thrombosis show a sig- 

nificant increase in the size of the thrombus 

compared with female rats[5]. Clinical 
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.and laboratory studies indicate that sex 

steroids play important roles in the me- 

tabolism of coagulation proteins[6]. 

The aim of the present work was to 

study the role of the male hormone, mes- 

terolone, on hemostasis. The following 

parameters were measured 1) platelet aggre- 

gability induced by collagen. 2) Tests for 

blood coagulation, prothrombin time (PT), 

activated partial thromboplastin time 

(APTT) and fibrinogen (FIB) level in the 

blood. 3) Tests for anticoagulant activity, 

antithrombin 111% (ATIII”/c) was chosen 

since it has a powerful and immediate 

antithro,mbin action as well as an inhibi- 

tory effect on factors IX, X, XI and XII 

Material and Methods 

Adult male albino rats weighing 150- 

200 gram were utilized in the present work. 

The animals were allowed free access to 

food and drinking water. 

Three groups were included, each con- 

taining 6 rats. (1) Control group. (2) Tes- 

tosterone treated group : Mesterolone in a 

dose of 2 mg/kg was injected intraperi- 

toneally every day for 4 weeks[7]. (3) Cas- 

trated group : Blood was collected 6 weeks 

after castration was done[8]. 

In all groups of experiments blood 

was collected retro-orbitally on trisodium 

citrate in a ratio of 1 : 9 (volume of 

citrate/volume of blood). 

Drtermination of Platelet Aggregahility : 

Collagen-induced platelet aggregability 

was assayed according to the method of 

Born[9] using platelet aggregometer Cou- 

ltronics (540 dual channel aggregometer 

and 540 dual channel recorder). The 

whole impedance method was the technique 

used during the study. Blood samples were 

incubated at 37°C for 10 minutes, recal- 

citied by the addition of calcium chloride 

(CaCI,) to give a tinal concentration of 

1-2 mM/ml[IO], then used immediately 

for the assay. Collagen obtained from 

Diamed was used as an agonist for platelet 

aggregation in a dose of 100 l/ml blood. 

The results were expressed on a chart re- 

corder as an aggregation curve and were 

calculated as percentage of maximum aggre- 

gation curve which is the distance from 

the addition of reagent to the plateau[ll]. 

Assessment of Blood Coagulation (PT, 

APTT and FIB) : 

ACL-200 automated coagulation sys- 

tem, Instrumentation Laboratory, was used 

to determine these parameters, using plasma 

obtained by centrifugation of the collected 

blood samples. The ACL is a nephelome- 

tric centrifugal analyzer which measures 

the intensity of light scattered by a plasma 

(sample) before, during and after clot for- 

mation. 

- IL TestTM PT-FIB (97567-10) : 

PT assay is sensitive to deficiencies in 

the activities of factor II, V, VII and X. 

The IL T&TM PT-Fibrinogen is a lyophi- 

lized extract from rabbit brain with the 

hddition of optimal concenration of Cal- 

cium ions 
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- IL TestTM APTT (84687-10) : 

APTT assay is sensitive to deficiencies 

in the activities of factor II? V> VII, IX, 

X, XI and XII. The intrinsic coagulation 

system is activated by micronized silica 

plus bovine brain cephalin, which is the 

substitute of platelet Factor 3. Clotting 

starts by the addition of calcium chloride. 

Assessment of Anticoagulant 

<ATIIF:/o) : 

Activity 

AT111 (heparin cofactor) has a power- 

I’ul and immediate antithrombin action in 

presence of heparm. 

- IL TestTfifAntithrombin III (97574-15) : 

The assay is carried out in two steps : 

(1) incubation of the sample with an ex- 

cess of thrombin in the presence of heparin, 

(2) detection of the residual thrombin ac- 

tivity on a synthetic chromogen substrate. 

Statistical analysis of the results was 

carried out by Student’s t-test. 

Results 

1. Control group : 

The results showed a mean “/o platelet 

aggregation of 69.6 i- 1.33 (Table 1 & 

Fig. 1). The mean values of PT and 

APTT in seconds were 11.98 t 0.39 and 

15.6 & 0.63 respectively. The mean value 

of fibrinogen level in plasma (mg/lO() ml) 

was 296 1 2 6.1, while mean value of 

ATIII ,JL was 84.1 -+ I.77 (Table 1). 

2. Mesterolone treated group : 

The mean “/o of platelet aggregation 

was 80.5 + 2.17, the mean values for P’l‘ 

and APTT in seconds were 12.3 t 0.29 

and 15.7 & 0.8 respectively. FIB mean 

value was 295.3 t 6.89 mg/lOO ml and 

ATIIIS was 160.3 t 1.32 (Table 2). In 

comparison with the control group as seen 

in table (4) mesterolone injection resulted 

in a significant increase in ‘/c platelet aggre- 

gation (P < 00025) and AT11110/, (P < 

0.0005) whereas, the other parameters 

showed no significant changes compared 

to control group. 

3. Castrated group : 

The mean value ‘% platelet aggrega- 

tion was 20.8 t I .9, the mean values For 

PT and APTT were 22.5 I 1.13 and 28.28 

s_ 1.35 respectively. FIB level was 183.2 

i: 3.87 mg/lOO ml and ATIII$% was 80.8 

+- 1.85 (Table 3) It can be observed - 

that castration resulted in a significant de- 

crease in l”/cl platelet aggregability (P < 

0.0005), prolongation of PT and APTT 

(P < O.OUO5) compared to control. ATID% 

however, showed no significant change 

(Table 4). 
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Fig. 1. Collagen induced platelet aggregability in a) control b) Mesterolone treated 

(4 weeks) and c) castrated group (6 weeks), 
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Discussion 

Sex steroids are known to have signi- 

ficant effects on platelet responses to ag- 

gregating agents as well as on the me- 

tabolism of coagulation proteins. 

The results of the present work de- 

monstrated an increase in collagen induced 

platelet aggregability in response to mes- 

terolone and a decrease by castration. The 

present results agree with previous in vivo 

and in vitro studies. Thus, Johnson and 

coworkers[l] reported that castration re- 

duces, whereas testosterone treatment en- 

hances platelet aggregability and restores 

the reduced response in castrated male rats. 

In the same study, testosterone added in 

vitro to rat or human platelet rich plasma 

(PRP) was found to enhance platelet ag- 

gregability to ADP, adrenaline, collagen 

and arachidonic acid. Moreover, testoste- 

rone potentiates ionophore A 23187 indu- 

ced aggregation in washed platelets and 

in PRP, an effect which is dose and time 

dependent[l2]. 

These data, however, do not illuminate 

the specific mechanisms underlying platelet 

sensitivity to sex steroids. Several mecha- 

nisms have been proposed. Sex steroids 

are known to be absorbed at platelet me- 

mbranes modifying their surface properties 

and inducing potential and permeability 

changes[l3]. Previous studies suggested 

that sex steroids intel-act with variou; fac- 

tor:, such at7 iibrinogen and plasminogen or 

fibrinolytic inhihitors[ 141. Such reactions 

may be involved in that changes reported 

with estrogens and progestens with respect 

to a1teration.s in platc!et adhesiveness [15] 

and aggregationI 16 1. 

The involvement of prostaglandin 

products in mediating the stimulatory effect 

of testosterone on platelet aggregation was 

previously suggested [ 171. Arachidonic 

acid is a known precursor of prostaglandin 

endoperoxides PGG, an,d PGH,, as well 

as thromboxane A, (TxA,) which is a 

powedul aggregating agent [ 181. Testos- 

terone stimulates arachidonate release and 

TxA, formation in human washed pla- 

telets[l2]. This stimulation although in- 

sufficient by itself to cause platelet aggre- 

galion, does potentiate aggregation by sub- 

aggregatory doses of ionophore A 23 187 

and ADP. Testosterone stimulates arachi- 

donate deacylation from platelet phospho- 

lipids but does not affect the metabolic 

conversion of released arachidonate to spe- 

cific oxygenated prolducts. ‘Whether testost 

terone exerts only a specific stimulation of 

lipolytic processes or may also act directly 

via a non-specific detergent effect on pla- 

telet membranes is not yet known[ 121. 

But regardless of the exact mechanism, in- 

creased generation of TxA, in platelets 

appears to be the chief metabolic event 

caused by testosterone since pretreatment 

with aspirin. a prostaglandin synthetasc in- 

hibitor, abolishes both increased TxA, for- 

mation and the testosterone potentiating 

effect on ionophore or ADP induced ag- 

gregation( 121. Moreover, Spranger et al. 

[19] postulated that the inhibitory effect 

0:‘ aspirin on platelets aggregation is grea- 

ter in men than women and is reduced in 

orchiectomized male patients and restored 

hy the addition of testosterone to blood 

samples. 

PT, APTT and FlB showed no signi- 

ficant change by mesterolone treatment 
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while AT111 activity was significantly in- 

creased. Those results agree with previous 

studies, thus, studying the effect of tes- 

tosterone on the synthesis and plasma 

levels of selected coagulation proteins, 

Owens and his coworkers[20] used isola- 

ted rat liver perfused in vitro for IO hours. 

They reported that neither the biosynthesis 

nor plasma concentrations of factor II, 

VII. ATIII, plasminogen or fibrinogen were 

significantly affected by different doses of 

testosterone used. The only positive result 

they obtained was an increase in biosyn- 

thesis of fibronectin by increasing doses of 

testosterone. In a ,more recent study no 

direct relation was found between the assay 

of factor VIII and v’WF-Ag and the levels 

of oestradiol, testosterone or progesterone 

ml. 

hancement of protein synthesis in a similar 

manner. 

Increased ATI II activity is in accord 

with Kliicking et a,.[ 71, but is contrary to 

other studies which reported no change in 

patients with metastatic prostate cancer[22]. 

Al Mondhiry[Et] studied the hemos- 

tatic effects of androgen treatment in 10 

patients with metastatic prostate cancer. 

It was found that base line levels of 

plasma beta thromboglobulin (BTG), pla- 

telet factor 4 (PF4), fibrinogen, fibrin 

(ogen) split products (FSP), factor VI II 

coagulant activity (VIIIc), von ‘Willebrand 

factor antigen (V’WF Ag) and fihrinopep- 

tide A (FPA) are significantly elevated 

compared to control healthy individuals. 

Androgen stimulation resulted in elevation 

or BTG, FPA and FSP levels in many 

patients, the changes for the entire group 

were not statistically significant. Other 

param’eters remained unchanged or were 

slightly elevated. It was concluded that 

androgen stimulation of this hormonally 

dependent tumour may cause further acti- 

vation of platelets, coagulation and fihrino- 

lysis. 

Klijking et al.[7] studied the ability Castration of malt rats resulted in 

of anabolic steroids to enhance fibrinolysis. prolongation of PT and APTT and de- 

After daily administration of 2 mg/kg for crease in FIB level in plasma while 

12 weeks, the anabolic steroids were found ATIIIc/, showed no significant change. 

to enhance spontaneous fibrinolytic activity Decreased protein synthesis due to lack of 

of the blood, the fibrinolytic capacity and testosterone could he the cause of our 

tissue plasminogen activator activity in the findings. Defective fihrinolysis has been 

kidneys of rats and rabbits. Concomi- reported to he frequent in hypogonadic 

tantly the AT111 activity was significantly men[23], raised plasminogen activator in- 

enhanced. Those changes measured in the hibitor (PAI) levels was suggested to be 

tibrinolytic system were explained by en- the main cause for this defective fibrino- 

hancement of the biosynthesis of plasmi- lysis[24]. Hinata et al. [25] suggested 

nogen activator which is assumed to be an that danazol (a 2,3 isoxazol derivative of 

-expression of protein synthesis stimulated l7-alpha ethinyl testosterone)- affects the 

by steroids. However, not all factors of turnover of vitamin K-dependent clotting 

-the fibrinolytic system respond to an en- factors, an impairment of synthesis being 
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a likely mechanism Vitamin K-dependent 

coagulation faclors seem to be particularly 

susceptible to effects of sex steroids[24]. 

To conclude, the present result con- 

firmed the stimulatory effect of male hor- 

mones on platelet aggregability, an effect 

which is mainly due to increased genera- 

tion of prostaglandins in platelets. Regar- 

ding blood coagulation, mesterolone treat- 

ment caused no change in PT, APTT and 

FIB level whereas ATIIIS increased. 

These negative results could be due to ab- 

sence 0; a stimulatory effect of mesterolone 

on coagulation factors or more likely due 

to an increase in the level of some coagu- 

lation proteins (not measured in the present 

study) which is masked by the increased 

ATIII%. Finally, the prolonged PT and 

APTT and decreased FIB in castrated rats 

could be explained by decrease in the syn- 

thesis of coagulation proteins due to lack 

of 

1 

2. 

3. 

4. 

male hormones. 
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