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Exper imen ta l  i s c h e m i a  induced in r a t s  by ligation of the coronary  a r t e r y  leads  to a d e c r e a s e  
in the concentra t ion  of p lasminogen  ac t iva tor  in the myoca rd i a l  t i s sues ,  e spec ia l ly  in the zone 
of n e c r o s i s  1 day af ter  l igat ion of  the ve s se l .  Af ter  3 days  the concentra t ion of p lasminogen  
ac t iva tor  is  r e s t o r e d .  The  r e s u l t s  of  the h i s tochemica l  t e s t s  we re  conf i rmed by b iochemica l  
ana lys i s .  
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The  h i s tochemica l  method of de te rmina t ion  of the f ibr inolyt ic  act ivi ty of t i s sues  by autography,  sug-  
ges ted  by  Todd [12], has  p layed an impor tan t  ro le  in the study of f ibr inolys is .  By means  of this method it  
i s  poss ib le  to inves t igate  the fine d is t r ibut ion of two of the mos t  impor tan t  components  of  the f ibr inolyt ic  
s y s t e m ,  namely  p l a s m i n  and p lasminogen  ac t iva to r  (PA), under  physiological  conditions without any g ros s  
p r e p a r a t i v e  i n t e r f e r ence  (such as at t imes  significantly a l t e r s  the s t r u c t u r e  and, cor responding ly ,  the ac t iv-  
ity of enzymes ) ,  not only in the o rgans  or  t i s sues  of  the animal ,  but also at the ce l lu la r  and subcel lu lar  
levels  [12]. The  topography of these  two enzymes  and changes in thei r  act ivi ty have  been studied under  
no rma l  and pathological  conditions under  the influence of va r i ous  neurohumora l  f ac to r s  [8]. 

The  use of T o d d ' s  method [12] i s  p a r t i c u l a r l y  appropr ia te  for  the study of d i s e a s e s  in whose patho-  
genes is  p l a smin  and PA play  an ac t ive  ro le : in  thrombophlebi t i s ,  venous s t a s i s ,  a t h e r o s c l e r o s i s ,  and myo-  
card ia l  infarct ion.  

The  object  of this invest igat ion was to study changes in PA activi ty by the f ibr inolyt ic  autography 
method in r a t s  with exper imen ta l  i s ehemia ,  

EXPERIMENTAL METHOD 

Myocardia l  i s c h e m i a  was induced in ma le  albino r a t s  weighing 200-250 g by ligation of a l a rge  b ranch  
of the co rona ry  a r t e r y  under  e the r  anes thes ia .  The  hear t  was r emoved  and the myocard ia l  t i s sue  f rom 
seven  an imals  was invest igated h i s tochemica l ly  on the day a f te r  l igation of the a r t e r y ,  and in another  12 
an imals  3 days  a f t e r  the opera t ion .  A mock  opera t ion  was  p e r f o r m e d  on the five an imals  of  the contro l  
group.  His tochemica l  ana lys is  of the myocard ia l  t i ssue was ca r r i ed  out by Todd ' s  method [12] in t h e m o d i -  
f icat ion of Rejniak et  al. [11]. F ibr inoly t ie  activity of  the t i ssue samples  was es t imated  quanti tat ively by 
Pandol f i ' s  method [9] f r o m  the t ime  of lys is  of a f ibrin m i c r o f i l m  60 ~ in th ickness  above a t i s sue  sect ion 
dur ing incubation at 37~ Simultaneously with h i s tochemica l  ana lys is  of the hea r t ,  in some animal  t i s sue  
ac t iva to r  was i so la ted  and i t s  act ivi ty  was de t e rmined  by  the method of Andreenko and Migalina I2]. 
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TABLE 1. T i m e  (in h) of Lysis  of  Fibrin Microfi lm by Tissue  Prepara t ions  

Right Left Region of 
Group of animals Right atrium Left a tr ium v e n t r i c l e  ven t r i c l e  ischemia 

Ischemia for 1 day 

Control 

Ischemia for 3 days 

Mpm 
Mp m 
M~ r~ 

14.5_+ 2,0 (7) 
<0,05 

10,0_+ 1,2 (5) 

14,0_+ 1,5 (12) 
<0,02 

15,0--+ 1,4 (7) 

11,o_+ 1,2 (3) 

13,0--_+0,8 (11) 
N.s. 

17,0_+ 1,74 (5) 
<0,02 

12,5--+- 1,35 (5) 

15,0• 1,0 (12) 
N.s. 

19.5--'0,72 (7) 
N.s. 

15,0___ 1.2 (5) 

17,0__+2,0 (11) 
N.s. 

24,5_+ 1,7 (6) 
<0,05<0,05 
17,0_+ 2,0 (5) 

212_ 1,4 (9) 
<0,05 N.~. 

Note. Numbers in paren theses  show numbers  of  animals .  During stat is t ical  analysis 
indices were compared f rom experimental  and control  groups and, in addition, indices 
were compared for  the left ventr ic le  and the region of i schemia  in the experimental  
groups; N. S~ not s tat is t ical ly significant. 

Fig. 1. Photomicrograph  of myocardium of 
apex of left vent r ic le  on rat  with experimental  
i schemia  (a) and control rat  (b) 40 min af ter  
beginning of incubation of fibrin film with 
section. Hematoxylin, 70x. 

E X P E R I M E N T A L  R E S U L T S  

It will be c lear  f rom Table 1 that 24 h after  l iga- 
tion of the coronary  a r t e ry  the time taken for lysis  of 
the fibrin film by t issues f rom various par ts  of the heart  
was increased,  indicating a dec rea se  in the PA content 
in the myocardia l  t issues of the a t r ia  and ventr ic les  
as a resul t  of ischemiao The grea tes t  decrease  (sta- 
t istically significant) in f ibrinolytic activity was observed 
actually in the region of nec ros i s .  A marked difference 
in the PA content in the necrot ic  zone of the left ven t r i -  
cle and in its apex, outside the zone of nec ros i s ,  was 
observed in the experimental  animals.  A pho,tomicro- 
graph of the myoeardium f rom the i schemic  apex of the 
left ventr ic le ,  taken 40 min af ter  the beginning of  incu- 
bation of the micros l ide  (Fig. la) ,  shows the absence of 
active PA in the vascu la r  endothelium by contrast  with 
the section through the control  hear t ,  in which dist inct  
pale zones of lysis  can be seen around the smal l  vesse l s  
af ter  incubation for  40 rain with the fibrin film (Fig. lb).  
The resul ts  agree with data in the l i te ra ture  indicating 
that fibrinolytic activity of the i schemic  region fallw in 
the period of organizat ion of the infarct  [6]. 

A dec rease  in the activity of other  enzyme sys -  
tems in the inital period of experimental  i sehemia  has 
been observed by several  workers  [1, 3, 5]: lactate 
dehydrogenase,  cytochrome oxidase,  alkaline phospha-  
tase, and the enzymes  of glycolytic metabolism; in most  
cases this dec rease  has been attributed to the develop- 
ment of degenerat ive changes in the myoeardium and to 

elution of enzymes f rom the t issues  into the blood and lymph [4, 10]. Observat ions made by some workers  
who found an increase  in the PA content in blood taken f rom the left ventr ic le  of animals with isehemia 
lasting 24 h can be explained by the breakdown of cells in the necrot ic  zone and the l iberation of PA into the 
blood, causing, on the one hand, a decrease  in PA activity in the zone of nec ros i s  and, on the other  hand, an 
inc rease  in its content in the blood. 

The PA level 3 days after ligation of the a r t e ry  was lower than in the t issues of the control hear t ,  but 
less so than on the day after ligatiun of the vesse l  {Table 1). The time of tysis of the fibrin fi lm above the 
section of the myoeardium from the region of ischemia in tile animals with ischemia for 3 days was 28% 
less than the time of lysis in an animal with ischemia lasting 1 day. This agrees with data showing increased 
fibrinolytie activity in the young vessels of the necrotic region of the heart in the period of restoration of 
the disturbed structures of that region [7]. 

Heating the microfilm in a moist chamber for 40 rain at 85~ [5] rendered it completely incapable of 
lys is  by t issue enzymes ,  showing that the t issue sect ions contained no active plasmin.  
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Fig. 2. PA activity in various organs of rats .  
Shaded columns) experimental animals, unshaded 
columns) control; 1) left ventricle,  2) region of 
necrosis ,  3) right ventricle,  4) lungs, 5) kidneys, 
6) l iver,  7) spleen. Ordinate, PA activity (in 
mm 2/100 mg weight of dry powder). 

The decrease in the PA content in the myocardial tissues of the ischemic heart was confirmed by 
biochemical tests  after isolation and partial  purification of PA by the method of Andreenko and Migalina 
[21. Activity of the heart  (various parts  thereof) and other organs taken from three intact animals and 
three animals with myocardial isehemia is shown in Fig. 2. Clearly PA activity was sharply reduced in 
the heart  t issues of the experimental animals, whereas in the other organs the differences in PA activity 
ki th  the control animals were not significant. 

The histochemieal tests thus showed that experimental isehemia leads to a decrease in the PA content 
in the myoeardium, especially in the zone of necrosis ,  followed by a gradual restoration of activity of the 
enzyme. Biochemical analysis confirmed the histological observations. 
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