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The leech Hirudo medieinMis has been used since olden t imes  as an agent for removing blood. Leeches 
are  used in the cerebra l  fo rm of essential  hypertension, in pres t roke  states,  angina pec tor i s  and myocardia l  
infarction, venous thrombosis  and thrombophlebit is ,  conditions associated with local s tasis ,  headaches,  and 
other d iseases .  Secretion of the sa l ivary  glands produced by leeches during biting promotes  maintenance of the 
liquid state of the blood during blood sucking and also for a short t ime after  removal  of the leech [4]. The 
secret ion of leeches can be used as a source  of inhibitors of proteolytic enzymes - thrombin,  t rypsin,  and chy- 
mot rypsin [2]. 

In the present  experiments  the action of the secret ion on the blood clotting sys tem was studied. It was 
shown that the secret ion posses ses  marked anti thrombin activity, due to the presence  of a highly specific natural  
thrombin inhibitor, hirudin; it inhibits the contact stage of blood clotting and also inhibits the formation of p ro -  
tein deposits on the surface of a glass  rod inserted into the rat jugular vein. These observations show that the 
secret ion of leeches acts  on the coagulation stage of hemostas is  by inhibiting blood clotting factors  leading to  
the formation of a fibrin clot. 

In this investigation the action of the secre t ion on the platelet component of hemostas is  was studied. Two 
model sys tems  were used: 1) The action of the secret ion on platelet aggregation in suspension, induced by ADP, 
a natural platelet act ivator,  was investigated by a photometr ic  method [5]; 2) the effects of the secret ion on 
platelet adhesion to a surface coated with f ibr i l la ry  collagen, a connect ive- t issue component of the blood vesse l  
wall, which is exposed on the side of the lumen of the vesse l  during injury and which is the adhesive substrate  
for circulating platelets,  were investigated by scanning electron microscopy  (SEM). The secret ion was shown 

TABLE i. Effects of Different Doses of Secre- 
tion on Adhesion of Gel-Filtered Platelets on 
Collagen Substrate: Morphometric Countingof 

Adherent Platelets by SEM (M • m) 

Dose of 
secretion 
vols, % 

0 
0, t 

1 
10 

Adherent platelets 
n 

A U c 

6,68• 3 ,80•  1,3[ 
2,68• 1,58+0,3~ 
2,13• 1,36~0,2~ 

0,62~-0,17 0,75• _ 

]0-Slmm 2 

S c U s 

1,86• 1,02+__0,57 
0,76++_0,281 0,34•  
0,6[-+-0,281 0,16+0,06 
0,08• 0,05• 

Legend. Here and in Table 2, n denotes num- 
ber  of investigations.  
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Fig. 1. Inhibitory action of secret ion of the leech on 
aggregation of gel - f i l tered human platelets induced 
by ADP. a: Abscissa,  t ime {in rain) after  addition 
of 10 t~M ADP to cuvette of aggregomete r  (arrow on 
right); ordinate, light t r ansmiss ion  (T, %). 0.15 M 
NaC1 or  different concentrat ions of secret ion added 
to cuvette 40 sec before ADP (arrow on left): 1) 0; 2) 
0.05 vol. %; 3) 0.25 vol. %; 4) 0.50 vol. %; 5) 0.75 vol. 
%. b: Abscissa,  concentration of secret ion (in vols.  
%; ordinate, relat ive coefficient of platelet aggrega-  

T + 
tion Ra~ =~=, where T + and T-  are  values of t r a n s -  

miss ion of the platelet suspension in the presence  of 
different doses of secre t ion  and in the absence of 
secre t ion respect ively,  140 sec after addition of ADP. 

TABLE 2. Effects of Different Doses of Se- 
cret ion on Relative Average Coefficients of 
Platelet  Adhesion (M~: m) 

3o 

0 
O,l 6 5 
1 

Legend. 

Rat  I Ra r R s Ra s 

1,00:t=0, 11 1 , 0 0 ~ 0 , 2 2  1 , 0 0 ~ 0 , 3 5  1,00 ::h 0 ,53 
~),40=t=0,07'* [0,41=i=0,08" ] 0 , 7 2 : i : 0 , 2 1  0 ,89:]=0,34 
9 , 3 1 / = 0 , 0 6 " *  0 ,35 : i=0 ,06"  I 0 , 6 7 ~ 0 , 2 1  0,91=/=-0,52 
O, 12 :i= 0 ,03"**  0, 13 =i= 0 , 0 3 ' *  0 , 3 1 : i : 0 ,  11 0 , 7 9 + 0 , 2 8  

Values of coefficients Rat, Rac, Rs, 
Ras calculated by equations (1-4) f rom indi- 
vidual values of A, U c, U s, and S c. Signifi- 
cance of differences between means in exper i -  
ments with secret ion and experiments  with- 
out secret ion calculated by Welch 's  cr i ter ion 
[1]. * P <  0 . 0 5 , * * P <  0 . 0 0 5 , * * * P <  0.0005. 
Numbers  without as te r i sks  - differences not 
significant (P > 0.05). 

to inhibit aggregation and adhesion of platelets, f rom which it can be deduced that it contains components p re -  
venting interaction of circulat ing platelets with one another and with the injured vesse l  wall. 

E X P E R I M E N T A L  M E T H O D  

Blood was collected into an anticoagulant consisting of acid c i t r a t e - d e x t r o s e - a p y r a s e  [3]. Platelets  were 
isolated by gel- f i l t ra t ion through sepharose  2B [8], and the column was equilibrated with Tyrode solution without 
Ca ++ and Mg ++, containing i mg /ml  of dextrose and 3.5 m g / m l  of bovine se rum albumin [7]. Platelet  aggregation 
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was ca r r i ed  out in a two-channel  a g g r e g o m e t e r  (Payton, USA) [5]. The suspension of ge l - f i l t e r ed  pla te le ts  was 
made up with Tyrode  solution to a concentrat ion of 1.5 �9 108 ce l l s /ml ,  and ~aC12, MgC12, and human fibrinogen 
(Sigma, USA) were  added up to final concentra t ions  of 2 raM, 1 mM, and 0.4 mg,/ml respec t ive ly .  The secre t ion  
of the leech w a s d i l u t e d  fourfold with 0.15 M NaC1 and added to the ctWette of the agg regome te r  in a volume of 
1-15 t~l (0.05-0.75 vol.  %). P la te te t  adhesion was ca r r i ed  out in wells  16.4 m m  in d i ame te r  in multiwell  cul tural  
plates  (Falcon, USA), coated wi th  f ib r i l l a ry  colIagen f r o m  calf skin [3, 6]. To each well was added 0.25 ml of a 
suspension of ge l - f i l t e r ed  p la te le t s  (3.107 cel ls  in Tyrode  solut ion containing Ca ++, Mg ++, dext rose ,  and a l -  
bumin) and 0.25 ml of s ec re t ion  , diluted with Tyrode  solution to the requi red  concentrat ion.  Incubation was c a r -  
r i e d  out for  40 rain at 37~ the muttiwell  p la tes  being rota ted in the horizontal  plane at a ~peed of 36 rpm.  
Nonadherent  p la te le ts  were  removed  and spec imens  were  p r epa red  for  SEM [3, 6]. Spread (Sc) and unspread  
(Uc, Us) p la te le ts  were  counted separa te ly ,  and the total  number  of adherent  p la te le ts  (A) and re la t ive  coef-  ~ 
f i c i en t s  of platelet  adhesion (see below) w e r e  calculated.  

E X P E R I M E N T A L  RESULTS 

During realization of the hemostatic function of the platelel two types of interactions take plac'e: adhesion 
to the damaged vessel wall, and linking of one platelet to another (aggregation). To study the possible effects of 

the secretion of the leech on the platele~ component of hemostasis, the action of the secretion was studied on 
ADP-induced adhesion of platelets in suspension rand their adhesion to a surface coated with collagen. 

Platelet aggregagion was studied by a l~hotometric method [5]. The data in Fig. la show that the secretion 
itself caused no change in amplitude of the oscillations or in the value of light transmission and, consequently, 
it did not induce any change in shape or aggregation of the platelets. At the same time, the secretion is a power- 
ful inhibitor of ADP-induced pl~telet aggregation; The magniflude of the inhibitory effect depended onthe dose 
of secretion, 50% inhibition was observed with secretion in a concentration of 0.13 vol. %, 97% in a concentration 
of 0.75 vol. % (Fig. ib). 

To study the effects  of s ec re t i on  on platelet  adhesion, in teract ion between pla te!e ts  and a col lagen-coated  
su r face  of calf skin was invest igated.  This  subs t r a t e  does not induce the fo rmat ion  of l a rge  superf ic ia l  platelet  
aggrega tes  [3, 7], so that  the p r o c e s s  of platelet  adhesion can be studied in a pure  f o r m  - without any a c c o m -  
panying aggregat ion.  It was shown by SEM that  adhesion of pla te le ts  to this  subs t ra t e  cons is t s  of s eve ra l  suc-  
cess ive  stages:  1) Discoid and spher ica l  p la te le ts  f r o m  suspension adhere  to the collagen s u b s t r a t e  and f o r m  
sur face  outgrowths or  pseudopodia; 2) a cer ta in  propor t ion  of the nonadherent  pl~ttelets sp reada  out on the co l -  
lagen subs t ra te ;  3) p la te le t s  f r o m  suspension adhere  to the top su r face  of the spread-ou t  pla te le ts  [3, 6]. Under 
the influence of sec re t ion  the number  of unspread  p la te le ts  of discoid and spher ica l  shape (Uc) and the number  
of sp read-ou t  p la te le ts  (Sc) adherent  to col lagen-coated  a r e a s  of subs t ra te ,  the number  of tmspread  pla te le ts  
adherent  to the upper  su r face  of pla te le ts  spread  out on collagen (Us), and the total  number  of attherent p la te le ts  
(A) a re  all reduced (Table 1) .  

On the ba s i s  of these  r e s u l t s  it is poss ib le  t o  calculate  re la t ive  coeff icients  cha rac te r i z ing  the effects  of 
sec re t ion  on the va r ious  s tages  of : interact ion of p la te le ts  with the col lagen subs t ra te :  

A+ (1) 
Ra~ = I ~ A 

v + + s7 (2) 
~ a C  - -  

--'n"- + S:I 
}+ 

U~ + + S~ (3) 
~s-- 

1 ~ s2 
- " vf z , :  

R~, - v 2 / s ~  (4) 
1 y.,(<lS;) 

where  Rat, Rac, and R s a r e  re la t ive  coefficients  of to ta l  adhesion, initial adhesion, and spreading  out of plate le ts  
on the collagen subs t ra t e  respec t ive ly ;  Ras is the re la t ive  coefficient of adhesion of pla te le ts  f r o m  suspension 
to the upper  su r face  of the sp read-ou t  plate le ts ,  + and - a re  indices of exper imen t s  conducted in the  p resence  of 
different  doses  of sec re t ion  and in the absence .of  secre t ion;  n denotes the number  of corresponding exper iments .  
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Table 2 gives data characterizing the effects of different doses of secretion on the relative mean coef- 
ficients of adhesion. These data show that the secretion reduced the coefficients of total adhesion (Rat) and of 
initial adhesion (Ras) of platelets to the collagen substrate statistically significantly. Although the mean values 
of the coefficient of spread of the platelets on the collagen substrate (Rs) and of adhesion of platelets to the up- 
per surface of the spread-oIit platelets (Ras) als0 were reduced by the action of the secretion, these effects 
were not statistically significant. 

It was shown previously that secretion of the medical leech inhibits activation of blood clotting factor XII 
on the surface and inhibits conversion of fibrinogen into fibrin in solution [2]. The present investigation showed 
that the secretion inhibits both aggregation of platelets in suspension (Fig. i) and adhesion of platelets to a col- 
lagen7c0ated surface. In conjunction with data in the literature [2], the results suggest that the secretion of 
Hirudo medicinalis contains components which inhibit the coagulation and platelet components of hemostasis. 
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