
side the cell.  The action of DAAE and pronase  f rom inside the s a r co l emma  (Fig. 2, I; Fig. 3) is ve ry  s imi la r  
and evidently d i rec ted  toward the same si te  in the membrane .  

It can be postulated on the basis  of these resu l t s  that DAAE, compared  with ethmozine,  has an additional 
si te for  its action on the sa rco lemma.  This fea ture  of DAAE is evidently responsible  fo r  its longer and more  
effect ive an t ia r rhy thmic  action.  
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EFFECT OF GUTIMIN ON THE MYOCARDIAL 

FATTY ACID UPTAKE DURING PROLONGED 

DISCONNECTION OF THE HEART FROM THE 

CIRCULATION IN DOGS WITH MODERATE 

H Y l P O T H E R M I A  

I. F .  M a t y u s h i n ,  G. A.  
a n d  Yu .  A.  B o g d a r i n  

B o y a r i n o v ,  UDC 612.173.1-015.3:612.397.23].014.46:615.31: 
547.496.3'857.7 

KEY WORDS: gutimin; fat ty acids; canine myocardium; hypothermia.  

Gutimin (guanylthiourea) is used in medicine as an antihypoxic agent I1, 3, 4, 8]. Exper iments  have 
demons t ra ted  its posi t ive effect  on ATPase  activity in the myoeardium,  brain,  and e ry th rocy tes  [1, 6]. 

Considering that the main sources  of energy  for  hear t  muscle  are  fatty acids,  in both the f ree  and the 
bound state [9-11],  the effect  of prevent ive  adminis t ra t ion  of gutimin on myocard ia l  fatty acid uptake was stud- 
ied when the hear t  was disconnected f rom the circulat ion in dogs with modera te  hypothermia.  

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

Exper iments  were c a r r i e d  out on 48 male dogs weighing 12-20 kg, kept on a diet  consist ing mainly of 
animal fat. The dogs were not fed for  24 h before  the exper iments .  Af ter  premedica t ion  ( t r imeper id ine ,  a t ro -  
pine) ,  under  endotraoheal  e the r -oxygenanes thes i a  (stage III2) together  with re laxants ,  the animals were cooled 
by a combination of the Kholod-2F apparatus and ice and snow packs covering the trunk. When the rec ta l  t em-  
pe ra tu re  was reduced to 30~ thoraeotomy was p e r fo rm ed  in the sixth r ight  in te rcos ta l  space,  and the hear t  
was disconnected f rom the c i rcula t ion  by application of tourniquets to the a t r ia l  veins (groups 3 and 4). In the 
exper imenta l  s e r i e s  (groups 5 and 6) gutimin was injected intravenously in a dose of 20 mg/kg before  cooling 
and in a dose of 45-50 mg/kg 25-30 rain before  occlusion under s imi l a r  exper imenta l  conditions. Prolonged 
disconnect ion of the hea r t  f rom the c i rcula t ion  (for 60 rain) was ca r r i ed  out in both se r i e s .  Measures  to r e -  
s to re  cardiac  act ivi ty included ca rd i ac -massage ,  ar t i f ic ia l  venti lat ion of the lungs, i n t r a - a r t e r i a l  injection of 

Central  Resea rch  Labora tory ,  S. M. Kirov Gor 'k i i  Medical Institute. (Presen ted  by Academician of the 
Academy of Medical Sciences of the USSR B. A. Korolev.)  Trans la ted  f rom Byulleten'  ~ksper imental rnoi  Bio- 
logii i Meditsiny, Vol. 94, No. 10, pp. 75-77, October,  1982. Original a r t ic le  submitted March 19, 1982. 
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TABLE 1. Effect  of G u t i m i n  on Compos i t i on  and Uptake of F a t t y  Ac ids  f r o m  Blood Lip ids  by 

Canine  M y o c a r d i u m  d u r i n g  D i s c o n n e c t i o n  of H e a r t  f r o m  C i r c u l a t i o n  for  60 rain and Whole-  
Body Cooling to 30-28 ~ (M �9 m)  

Fatty 
acids 

8:0 
9:0 

10:0 
11:0 
12:0 
13:0 
14:0 
14:1 
15:0 
15:1 
16:0 
16:1 
17:0 
I7:1 
I8:0 
I8:1 
18:2 
18:3 
20:1 
20:2 
20:3 
20:4 

Group 1 (n = 14): intact 
dogs 

Composition 
o fac ids  T H B - S H B  

1,0• +0,1 
1,5• I --0,5• 
1,2• --0,3 
1,8• 30,4• 
3,9• 32,3• 
2,3• +0,8• 
3,9• 31,5• 
0,5• --0,1 
5,5• +0,6• I 
0,6• --0,1 

14,7• --2,1• 
2,6• --1,3• 
3,7• l --1,0• 
1,4• 30,6• 
9,7• --2,4• 

17,1• +3,8• 
10,1• --1,0• 
1,0• --0,3 
0,9• 30,1 
l,l• --0,7• 
0,2 --0,2 
4,3• +0,3 

I 
Group 3 (n = 6);[ Group 4 (n = 7); 

G r o u p 2 ; n = 9 ,  ] 2 8 O C + o c c l u  - 1 2 8 o C + o c c l u s i o n  
28~ (THB - ) sion (composi -  I + rewarming 
SHB) ] tion o f  acids) (THB - SHB) 

/ 

0,3• 
0,2 
0,5• 
0,7~0,1 
1,0• 
2,0• 
1,9• 
0,3• 
2,0• 
0,I 

18,2• 
5,8• 
0,4• 
1,2• 

14,0• 
22,6• 
12,0• 1,2 
1,9• 
0,4• 
0,5• 
0,8• 
7,5• 

--0,3* 
--0,9• 
+0,5• * 
+0,1 
--0,6• 
--0,2* 
31,0• 
--0,2" 
30,6• 
--0,9• �9 
--0,5• O, 1 * 
--1,5• 
--1,1• 
+0,6+0,1 
--0,3* 

+4,3• 
--1,5• 
30.4* 
--0,4• 
--0,3* 
30,1 
+0,3 

Group S (n = 6); 
28~ + occlusion 
+ gutimin 
(composi t ion  o f  

acids) 

--0,01 0,2 
--0,2 1,25• 
+0,3• 1,44• 
--0,9:2:0,1" 4,2-+-0,4* 
30,3• 3,7• 
--0,2 3,7• 1,1" 
30,1 4,4• 
--0,4 2,3• 
--0,6=i: O, 1 5,8• 
--0,2 1,4• 
--1,3• 10,3• 
--2,7• 0.6* 2,7• 0,3" 
31,9• 4,1• 
30,1 1,4• 
+1,2• 14,9• 
+2,2• I 1,9• 1,4" 
31,1• 8,7• 
30,1 1,6• 
+0,2 1,1• 
--0,1 2,4• 
+0,2 0,8• 
30,9• 6,0• 

Group 6 (n = 7); 
2 8 o c  + occlusion 
+ rewarming + 
gutimin 
(THB - SHB) 

--0,3• 
--02 

+2,75• 
+0,4• 
+1,8• 
+3,3+0,5" 
+2,2• 
--0,6• 
--0,9• 
+0,9• 
+l,l• 
--l,0+0,1 
+0,5+0,1" 
+0.4• 0,1, 
--0,1 
+0,4+0,1 
--3,8• 
--0,2 
+0,2 
--0,7• 
+0,3* 
+0,1" 

Legend.  *P  < 0.05 c o m p a r e d  with group  1. THB - SHB) Di f f e r ence  be tween  c o n c e n t r a t i o n s  
of ac ids  in  l ip ids  i n  blood f lowing to and f r o m  the hear t .  

d o n o r s '  b lood with a d r e n a l i n ,  and hea t ing  of the a n i m a l s .  At  d i f f e ren t  s t ages  of the e x p e r i m e n t s  the p e r i c a r -  
d i u m  was d iv ided  and s a m p l e s  were  taken s u c c e s s i v e l y  f r o m  blood f lowing toward  the h e a r t  (THB),  f r o m  the 
o r i f i c e  of the a o r t a ,  blood f lowing f r o m  the h e a r t  (SHB) f r o m  the c o r o n a r y  s i n u s  when the dogs were  cooled to 
30-28 ~ at  the 60th minu te  of i s c h e m i a  and at  the he ight  of r e h e a t i n g  of the a n i m a l s  ( r e c t a l  t e m p e r a t u r e  35- 
36 ~  The con t ro l  s e r i e s  ( in tac t  dogs)  c o n s i s t e d  of a n i m a l s  f r o m  which blood for  i n v e s t i g a t i o n  was taken  u n -  
d e r  n o r m o t h e r m i c  cond i t ions ,  and with the s a m e  a n e s t h e s i a  as was used  in  the p r e v i o u s  s e r i e s .  The blood 
g u t i m i n  c o n c e n t r a t i o n  was d e t e r m i n e d  by a method  developed by the w r i t e r s  t h e m s e l v e s  [ 5]. Blood for  s u b s e -  
quen t  d e t e r m i n a t i o n  of fat ty ac ids  in the c o m p o s i t i o n  of total  l ip ids  was t r e a t e d  by the method of Sinyak e t  al.  
[7 ]. Ac ids  were  ana lyzed  by gas c h r o m a t o g r a p h y  [ 2] ,  with t e m p e r a t u r e  p r o g r a m m i n g  f r o m  75 to 185~ with i n -  
t e r v a l s  of 6 ~  The r e s u l t s  were  e x p r e s s e d  in  p e r c e n t .  

The e x p e r i m e n t a l  r e s u l t s  were  sub j ec t ed  to s t a t i s t i c a l  a n a l y s i s  by  S tuden t ' s  t t es t .  

EXPERIMENTAL RESULTS 

Altogether 27 acids were found in the blood of the intact dogs, of which six together accounted for more 
than 70% of the total (15: 0, 16 : 0, ]8 : 0, 18 : 1, 18 : 2, and 20: 4), another seven acids together accounted for 

20% of the total (saturated acids with from I0 to 14 carbon atoms, 17 : 0, and a monoenic acid, 16 : 1). Analysis 

of the composition of the fatty acids in THB and SHB revealed assimilation of four acids (12 : 0, 14 : 0, 16 : 0, 
and 18 : I) by the dogs' myocardium and an increase in the excretion of acids 16 : I, ]7 : 0, 18:3, and 20 : 2 

(group I) with the venous blood (Table I). 

The absolute content of fatty acids in THB and SHB of dogs cooled to 30-28 ~ was increased, as a result 
of activation of lipolysis which accompanies hypothermia. However, the over-all level of fatty acid uptake was 

unchanged and there was no difference in the arteriovenous difference between the total fatty acid concentra- 
tions in THB and SHB. The result of cooling of the animals was reorganization of more than 50% of the fatty- 

acid composition of lipids in THB and SHB: the quantity of certain monoenic and polyenie acids was increased, 

the relative percentage of saturated acids with between 8 and ]4 carbon atoms (i.e., those rapidly synthesized 

and most mobile in metabolism, mainly with an active role in cell bioenergetics) was reduced. Meanwhile the 
acids taken up by the heart were mainly the same as in the control, but other acids were not excreted in large 
amounts with the SHB, namely 8:0, 9:0, and 12:0. Less of the 14:1, 15:1, and ]8:2acids was retained in the 
heart, although their absolute levels remained high, and more of the 18 : 3 acid was retained, due to its assimi- 

lation (group 2). 
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A n a l y s i s  of  the r e s u l t s  shows  tha t  coo l ing  a n i m a l s  to 30-28 ~ c a u s e s  r e o r g a n i z a t i o n  of  f a t ty  ac id  m e t a b -  
o l i s m  in the h e a r t  m u s c l e .  

The  cont inu ing  c a r d i a c  c o n t r a c t i o n s ,  wi th  a f r e q u e n c y  of  45 * 7 b e a t s / r a i n ,  fo r  13-19 ra in  a f t e r  d i s c o n -  
nec t i on  of the h e a r t  f r o m  the c i r c u l a t i o n  in dogs  with m o d e r a t e  h y p o t h e r r a i a  and the s u b s e q u e n t  a s y s t o l e  l ed  
p r i m a r i l y  to m i x i n g  of  THB and SHB, as  a r e s u l t  of which the c o m p o s i t i o n  of  the fa t ty  a c i d s  in t h e s e  two t y p e s  
of  b lood  b e c a m e  the s a m e ,  but  they  a l so  c a u s e d  c h a n g e s  in the c o m p o s i t i o n  of  the f a t ty  a c i d s .  C o m p a r e d  with 
d a t a  o b t a i n e d  b e f o r e  o c c l u s i o n ,  t h e r e  was an i n c r e a s e  in  the  con ten t  of  a c i d s  11 : 0, 13 : 0, and 20 : 4 in the b lood ,  
and a d e c r e a s e  in the con t en t  of  s e v e n  a c i d s :  the s a t u r a t e d  ac id  17 : 0, the r aonoen ic  a c i d s  14 : 1, 15 : 1, 17 : 1, 
and 20:  1, and the p o l y e n i c  ac id  2 0 : 2  (g roup  3).  

R e s t o r a t i o n  of  c a r d i a c  a c t i v i t y  a f t e r  60 ra in  o f  i s c h e r a i a  and r e w a r m i n g o f t h e  a n i m a l s  l ed  to a s s i m i l a t i o n  
of  a c i d s  10 : 0, 17 : 0, and 18 : 0 and to an  i n c r e a s e  in the  e x c r e t i o n  of  a c i d s  11 : 0 and I6 : 1 with the SHB (group 
4) .  C o m p a r e d  with r e s u l t s  o b t a i n e d  a t  the end of o c c l u s i o n ,  the c o m p o s i t i o n  of  the f a t ty  a c i d s  in THB and SHB 
was c h a r a c t e r i z e d  by an i n c r e a s e  in the con ten t  of four  s a t u r a t e d  a c i d s  - 8, 9, 10, and 17, of  t h r e e  m o n o e n i c  
a c i d s  - 14, 15, and 20, and of  the e s s e n t i a l  p o l y e n i c  a c i d s  18 : 2 and 20 : 4. The  con ten t  of a c i d s  16 : 0, 17 : 1, 
18 : 1, and 18 : 3 was  r e d u c e d .  The l e v e l  of e s s e n t i a l  a c i d s  18 : 2 and 20 : 4 in the b lood  was r a i s e d  much  m o r e  
than in the c o n t r o l ,  but  t h e i r  up take  by  the h e a r t  was  not  o b s e r v e d .  The  a b s o l u t e  con ten t  of  fa t ty  a c i d s  in the 
d o g s '  b lood  at  the  he igh t  of r e w a r m i n g  was  h i g h e r  than d u r i n g  coo l ing  of  the a n i m a l s  to 30-28 ~ T h e r e  w e r e  
s u b s t a n t i a l  d i f f e r e n c e s  f r o m  the c o n t r o l  in the up take  of  fa t ty  a c i d s  by  the m y o c a r d i u m  d u r i n g  r e w a r m i n g  of  
the dogs ,  and the c o n t r o l  v a l u e s  of  up take  w e r e  o b s e r v e d  in the c a s e  of only  two a c i d s  (15 : 1 and 18 : 1, g r o u p  
4).  

Consequen t ly ,  m y o c a r d i a l  i s c h e r a i a  (60 ra in)  u n d e r  c o n d i t i o n s  of  m o d e r a t e  h y p o t h e r m i a ,  and  r e w a r m i n g  
of  the a n i m a l s  w e r e  a c c o m p a n i e d  by  fa t ty  a c i d  m e t a b o l i s m  (uptake)  in the h e a r t  m u s c I e  tha t  was i n a p p r o p r i a t e  
for  those  cond i t i ons .  An a t t e m p t  was a c c o r d i n g l y  m a d e  to in f luence  fa t ty  ac id  m e t a b o l i s m  by m e a n s  of  the a n t i -  
hypoxan t  g u t i m i n ,  whose  e f fec t  on s e v e r a l  p a r a m e t e r s  of m e t a b o l i s m  p r o v e d  to be h igh ly  p o s i t i v e  in the c o r r e -  
sponding  e x p e r i m e n t s  [6 ] .  

P r e v e n t i v e  a d m i n i s t r a t i o n  of  g u t i m i n  to the dogs  p r o l o n g e d  the p e r i o d  of  w o r k  of  the  h e a r t  a f t e r  a p p l i c a -  
t ion of  t o u r n i q u e t s  to the a t r i a l  ve ins  c o m p a r e d  with the c o n t r o l .  A c c o r d i n g  to o u r  o b s e r v a t i o n s  the m a x i m a l  
g u t i m i n  c o n c e n t r a t i o n  in the b lood  of  the dogs  (3.55 r a g / l i t e r )  was o b s e r v e d  15.5 ra in  a f t e r  i t s  i n j e c t i o n .  Only  
t r a c e s  of  g u t i m i n  w e r e  d e t e c t e d  in the b lood a f t e r  60 ra in .  As  a r e s u l t  of  a d m i n i s t r a t i o n  of  g u t i m i n  the c o n c e n -  
t r a t i o n  of  11 a c i d s  in the b lood  w e r e  i n c r e a s e d  (group  5).  Meanwhi l e  the l e v e l s  of  a c i d s  16 : 0, 16 : 1, and 18 : 1 
fe l l  (to 50%), a s  a l so  did  the c o n c e n t r a t i o n s  of  a c i d s  18 : 2 and 20 : 4. At  the he igh t  of  r e w a r m i n g  in a n i m a l s  r e -  
c e i v i n g  g u t i m i n  (g roup  6) the q u a n t i t y  of  a c i d s  with b e t w e e n  8 and 15 c a r b o n  a t o m s  i n c r e a s e d  c o n s i d e r a b l y  (by 
2 -3  t i m e s ) ,  the l e v e l s  of  a c i d s  I8 : 3 and 20 : 2 r o s e ,  w h e r e a s  the c o n c e n t r a t i o n s  of a c i d s  14 : 1, I7 : 0, 18 : 2, 
and 20 : 4 d e c r e a s e d  c o m p a r e d  with  the c o n t r o l  a t  the s a m e  s t a g e  of the i n v e s t i g a t i o n .  The h e a r t  a s s i m i l a t e d  
m o r e  of s e v e n  a c i d s ,  of  which those  taken  up by the g r e a t e s t  d e g r e e  w e r e  the s a t u r a t e d  a c i d s  10, 12, 13, and 
14, and the m o n o e n i c  a c i d  15: 1. L a r g e  q u a n t i t i e s  of  f ive a c i d s  (group 6) w e r e  e x c r e t e d  with SHB. C o m p a r e d  
with the c o n t r o l ,  a s s i m i l a t i o n  o r  e x c r e t i o n  was found to be in the  s a m e  d i r e c t i o n  fo r  10 of the 27 a c i d s  d e t e c t e d  
in the b lood,  and  the da ta  fo r  f ive of  t h e s e  a c i d s  we re  c l o s e  to the c o n t r o l  v a l u e s  - 11 : 0, 12 : 0, 16 : 1, 17 : 1, 
and 2 0 : 2 .  

P r e v e n t i v e  a d m i n i s t r a t i o n  of g u t i m i n  to dogs  b e f o r e  d i s c o n n e c t i o n  of  the h e a r t  f r o m  the c i r c u l a t i o n  thus 
a c t i v a t e d  f a t t y  a c i d  m e t a b o l i s m  in the a n i m a l s  and in the h e a r t  i t s e l f .  The  c on t e n t  of  s a t u r a t e d  fa t ty  a c i d s  with 
a s m a l l  n u m b e r  of  c a r b o n  a t o m s  in the b lood was i n c r e a s e d ,  a c t i ve  up take  of s e v e r a l  a c i d s  by the m y o c a r d i u m  
was  o b s e r v e d ,  and  the b lood  l e v e l s  and  a s s i m i l a t i o n  of  s e v e r a l  p o l y e n i c  a c i d s ,  s o m e  o f  t hem e s s e n t i a l ,  w e r e  
r e d u c e d .  Th i s  l a s t  f ac t  i s  of  g r e a t  i m p o r t a n c e  fo r  the p r e s e n t  e x p e r i m e n t s ,  f o r  the a p p e a r a n c e  of  l i n o l e i e  
( 1 8 : 2 )  and a r a c h i d o n i c  ( 2 0 : 4 )  a c i d s  in the b lood  in l a r g e  q u a n t i t i e s  po in t s  to a p ro found  r e o r g a n i z a t i o n  of  
l i p i d  m e t a b o l i s m  in the body,  d e s t r u c t i o n  of  ce l l  m e m b r a n e s ,  d i s t u r b a n c e s  of p r o s t a g l a n d i n  m e t a b o l i s m ,  and 
so  on [12] .  

I. 

2. 
3. 
4. 
5. 
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