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Exper iments  on 48 dogs and 50 rabbi ts  showed that in t ravenous inject ions of p roca ine  as 
va r ious  t imes  of  the r e sponse  to acute m a s s i v e  blood loss  i n c r e a s e  the chance of su rv iva l  
and the l ife span of the an ima l s .  P roca ine  inject ions i n c r e a s e  the r a t e  of blood flow and 
the s t roke  and minute volume of the hea r t  and, as  a whole, they p reven t  the onse t  of the 
late per iod  of h e m o r r h a g i c  shock. It  is  concluded that in t ravenous  p roca ine  inject ions delay 
the development  of the pathological  p r o c e s s  and thus enable a m o r e  comple te  mobil izat ion 
of compensa to ry  reac t ions .  
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I r r e v e r s i b l e  changes  a f t e r  acute  m a s s i v e  blood loss  have been shown to develop m o r e  rapidly than 
compensa to ry  reac t ions  can be mobi l ized [6, 14, 19], so that death frequently takes  p lace  be fo re  the body 
has  succeeded in fully using all i ts  r e s o u r c e s  [4, 20]. An urgent  task  in the rapeu t i c s  is thus to delay the 
deve lopment  of  the pathological  p r o c e s s .  Consider ing the nature  of the pha rmaco log ica l  action of i n t r a -  
venous  p roca ine  and i ts  r e l a t ive ly  wide appl icat ion in cl inical  medic ine  for  the t r ea tmen t  of  se r ious ly  i l l  
pa t ients  [3, 7, 9, 17], i t  s eemed  that this agent ought to have a significant  effect  on the outcome of the pos t -  
h e m o r r h a g i c  reac t ion .  

The  object  of this invest igat ion was to d i s cove r  whether  in t ravenous  p roca ine  inject ions would delay 
the cour se  of the pathological  p r o c e s s  following acute m a s s i v e  blood loss .  

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

Exper imen t s  were  c a r r i e d  out on 48 dogs and 50 rabb i t s .  Bleeding was c a r r i e d  out in one stage f rom 
the f e m o r a l  a r t e r y  Of the dogs and the common carot id  a r t e r y  of the rabbi t s  until the blood p r e s s u r e  fell 
to 40-45 m m  Hg. Throughout  the expe r imen t  the blood p r e s s u r e  in these  v e s s e l s ,  the pulse  and r e sp i r a t i on  
r a t e s ,  the cent ra l  venous p r e s s u r e  (a polyethylene ca the t e r  was introduced through the f e m o r a l  vein as f a r  
as the or i f ice  of the p o s t e r i o r  vena  cava  in the dog s and through the externa l  jugular  vein to the or i f ice  of 
the an t e r i o r  vena  eava  in the rabbi t s ) ,  the t e m p e r a t u r e  in the r e c tum and musc l e s  (with a "Bio therm"  e l e c t r o -  
t h e r m o m e t e r ) ,  the EEG (unipolar r ecord ing  by needle  e lec t rodes  f r o m  the pa r i e t a l  regions) ,  the ECG (stan- 
dard  lead II), and the EMG (bipolar record ing  with needle  e l ec t rodes  f r o m  the p o s t e r i o r  ce rv ica l  musc les  
of  the dogs and the b iceps  f e m o r i s m u s e l e s  of the rabbits)  we re  r eco rded  on the 4t~I~G-1 e lec t roencepha lo-  
graph.  Changes in spontaneous act ivi ty  and changes evoked by photic (10 f lashes  p e r  second) and acoust ic  
(2000 Hz) s t imulat ion w e r e  analyzed.  At vi tal  s tages  of the expe r imen t s  photographs  were  taken of the v e s -  
se l s  of the rabb i t s '  optic fundi (with a l a rge  nonref lect ing ophthalmoscope  and the "Zeni t"  camera)  and 
conjunetival  v e s s e l s  of the dogs (MBS-2 mic roscope  and "Zeni t"  c amera ) .  Changes in the conjunctival v e s -  
se l s  were  es t imated  quanti tat ively by compar i son  with a photograph of the object ive  m i c r o m e t e r  or  ocUlar 
scale~ The sca le  fo r  the v e s s e l s  of the opt ic  fundus was the initial  ca l ibe r  of  the re t inal  a r t e r i e s  (taken as  
unity). Other  p a r a m e t e r s  inves t igated included the c i rcu la t ing  blood volume (by the dye dilution method with 
T-1824) ,  t h e h e m a t o c r i t  number ,  the hemoglobin concentrat ion and e ry th rocy te  count, the blood flow veloci ty  
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T A B L E  1 .  C h a n g e s  in  S o m e  I n d i c e s  i n  D o g s  u n d e r  t h e  I n f l u e n c e  of  I n t r a v e n o u s  P r o -  

c a i n e  I n j e c t i o n s  a f t e r  A c u t e  M a s s i v e  B l o o d  L o s s  (M * m )  

Series of 
ex per im ents 

I. Control: 
Initial values 

phase of inhibitior 
period of stabili- 

zation of shock 
15 rain before end 

of experiment 
II. Intravenous in- 

jections of pro- 
caine in early 
period of hemor- 
rhagic shock: 
Inifial values 

phase of inhibition 
before injection 

of procaine 
20-30 min after 

injection of 
procaine 

at end of experi- 
m e r i t  

21_+2 
45-+ 2 

62• 4 

26-+ 3 

17-+3 
41.+ 1 

56-+ 3 

90.+ 4' 
96-+ 5 

+35-+ 4 
--23-+ 4 

--20.+ 3 

--28-+ 4 

-+32-+2 
--24-+ 3 

--28-+ 3 

--36-+ 5 
+22+ 4 
- -21•  ' 

66• 
2O8• 12 

234• I0 

180-+ lg 

56~ 2 
192+~ 9* 

205• 8 

197~ 10 
184• lO 

o 

.= N %  

c o  ~ 

78• 1,3 
43~ 2,3 

42-+3,8 

41-+3,7 

74_+ 2,4 
38-+ 1,9: 

38-+ 2,2 
46• 2,8 

o 

1 
38.+~ 118-+ 1 
23• t J31• ~ 

23+ 2 /27-- 2 
! 

22_+ 2 I48.+ lC 

O-+ 1, [18-- + 1 
22• 2 /31--+ 4* 

! 

- -  t31-+ 2 

22-+ 1 [18-+5" 
27-+ 2 120+ 6 

23_+ 0.4 
7-- + 0,3" 

12.+ 1,5" 

2• 0,3* 

21 + 3,5 
8-+ 1,1" 

8-+ 2,0 

10• 
11• 

Cardiac 
index ( in  
l i te rs /m z" 
min) 

1,52• 0,3 
1,45--+ 0,4* 

2,5-- + 0,3" 

0,36-+0,1" 

1,47• 0,3 
! ,54• 0,4* 

1,53• 0,3 

1,97+ 0,3* 
2,06• 0,6* 

Conj unctival 
vessels (in g) 

arteries veins 

25 5O 
23,7--- 31• 

27.+ 40.+ 3,0" 

32• 53• 6,0 

25 5O 
20• 40__+ 5* 

23• 40• 5 

33--_ 58--- 9 
33• 58• 8 

* V a l u e s  of  i n d i c e s  d i f f e r i n g  s i g n i f i c a n t l y  f r o m  t h o s e  a t  t h e  p r e v i o u s  s t a g e  o f  t h e  
e x p e r i m e n t s .  

N o t e .  C h a n g e s  in  i n d i c e s  i n  s e r i e s  III  a n d  IV do  n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  c h a n g e s  
in  s e r i e s  II a n d  t h e y  a r e  t h e r e f o r e  n o t  g i v e n .  

T A B L E  2.  

R e a c t i  on 
E f f e c t  of  I n t r a v e n o u s  P r o c a i n e  I n j e c t i o n s  o n  O u t c o m e  of  P o s t h e m o r r h a g i c  

I. Control: 

Series of experiments 

dons 
ral~Dits 

IL Intravenous injections of procaine in 
early period of hemorrhagic shock: 

dogs 
raSbits 

III. Intravenous injections of procaine in 
period of stabilization of hemorrhagic 
shock: 

dogs 
raSbits 

IV. Intravenous injections of procaine in 
late period of hemorrhagic shock: 

dogs 
rabbits 

Total: 
dogs 
rabbits 

i 

13 
10 

14 
15 

i1 
15 

10 
10 

48 
50 

! 
Volume of blood | 
loss (in ml /kg;  ~ ~1 
M i  m) L ~[ 

37,24-1,0 
23,84-0,3 

36,6+1,0 
22,8• 

38,2+ 1,I 
22,7-'- 1,0 

38,1.+ 5,0 
23,0• 0,4 

25 
29 

<0,05 
<0,05 

<0,05 
<0,05 

<0,05 
<0,05 

Outcome 
duration of 
survival of ani- 
[mals until 
[death (in min; 

139• 
35• 

185 l~ 720 
110 H 480 

305 n 1020 
67 H 105 

2[6_+55 
246_+ 37 

~0,05 
<0,05 

N o t e .  L e v e l  o f  s i g n i f i c a n c e  s h o w n  r e l ' a t i v e  to  c o n t r o l  s e r i e s  o f  e x p e r i m e n t s .  
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by the lobeHne method (injected into the femoral  vein), and the s t roke and minute volumes of the hear t  by 
in tegral  rheography [21]. The resu l t s  were  converted into more  adequate systol ic  and cardiac  indices [8]. 
The principal  c r i t e r i a  of effect iveness  of intravenous proca ine  injections were  the survival  r a t e s  and life 
spans of the animals .  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

The dynamics  of the pos themorrhag ie  react ion was studied in s e r i e s  I~ Immediately af ter  blood loss 
a phase of inhibition was observed  (marked a r t e r i a l  hypotension,  no response  to st imulation,  predominance  
of the slow rhythm of the EEG, constr ic t ion of a r t e r i e s  of the optic fundus and conjunctiva), and i t  lasted for  
3-5 rain. It was followed by the development  of the typical symptom complex of hemor rhag ic  shock, with 
th ree  dist inct  per iods :  ea r ly ,  stabil ization,  and late .  In the ea r ly  per iod a gradual  r i s e  of the a r t e r i a l  and 
cent ra l  venous p r e s s u r e  Was observed ,  together  with b r i skness  of responses  to st imulation,  the appearance 
of fast  components on the EEG, and improvement  of the other  indices studied; in the period of stabil ization 
these  underwent li t t le change. The late period was cha rac t e r i zed  by a steady fall of a r t e r i a l  p r e s s u r e ,  the 
appearance of regu la r  slow waves on the EEG with d isappearance  of rhythm-binding responses ,  a gradual 
worsening of the ECG and EMG indices,  and a p rog res s ive  dis turbance of the microc i rcu la t ion  (as shown 
by m e a su r e me n t s  of  the ves se l s  of the optic fundus and conjunctiva). The te rminal  state soon supervened 
and all the animals died (Table 1). 

The resu l t s  of these exper iments  confirmed e a r l i e r  observat ions  [23] showing that the per iods  of hem-  
o r rhag ic  shock re f lec t  quite dis t inct  functional s ta tes  of the body. In each subsequent se r i e s ,  the re fo re ,  
p roca ine  in a 1% solution was injected in doses  of 10 mg/kg (into the f emora lve ins  of the dogs and into the 
marg ina l  veins of the ears  of the rabbits) at the different  per iods  of  shock, occur r ing  at different  t imes  af te r  
blood loss .  Since the functional s tate  of the animals initially before  inject ion of p roca ine  was the same in 
each se r i e s ,  re l iab le  data for  the effect  of the proeaine  could be obtained. 

Injection of p roca ine  in the ear ly  per iod  of hemorrhagic  shock led to an inc rease  in the s troke and 
minute volumes of the hear t ,  a dec r ea se  in the lobeline t ime (an inc rease  in the veloci ty of blood flow), con- 
s t r ic t ion  of the veins ,  and d isappearance  of spasm of the a r t e r io l e s  of the mic roc i rcu la t ion .  Against this 
background the a r t e r i a l  p r e s s u r e  gradual ly rose  and the o ther  indices improved,  although they had not 
regained thei r  initial  values  by the end of the exper iment .  Most of these animals survived (Table 2). 

Intravenous inject ions of proca ine  in the per iod of stabil ization show the same resu l t s .  Injection of 
p roca ine  in the late per iod  of hemor rhag ic  shock was less  effect ive,  although the survival  ra te  was signif- 
icat~tly h igher  and the life span of the animals  was lengthened. 

Intravenous inject ions of proca ine  thus p reven t  development  of the late per iod  of hemorrhag ic  shock 
and, in pa r t i cu la r ,  i ts  i r r e v e r s i b l e  stage; i .e . ,  they have a significant effect on the outcome of the pos them-  
o r rhag ic  reac t ion .  P re sumab ly  the posi t ive effect  of p roca ine  is due to i ts  ability to modify r e f l exes  [18] 
and to i nc r e a se  the output of the hea r t  as a resul t  of constr ic t ion of the capacit ive vesse l s  and increased  
sensi t ivi ty of res i s t ive  ves se l s  to adrenalin [1, 13], and also of increased  tone of the v a s o m o t o r  cen ter  [12]. 
In addition, the therapeut ic  effect  of p roca ine  in acute blood loss could be connected with the effect  of i ts  
hydrolys is  products  on metabol i sm [10], d is turbances  of which play an important  role  in the format ion of the 
late per iod of shock [16]. The  hypobiotic p rope r t i e s  of procaine [2, 5, 11, 22], increas ing the res i s tance  of 
the nervous  sys tem to anoxia, evidently are  of considerable  impor tance .  Finally,  the broad spec t rum of 
action of p roca ine  indicates that it has a substantial  normal iz ing influence on higher  regula tory  mechanisms 
[15], so that i t  can r e t a rd  the course  of the pathological p roces s  induced by acute mass ive  blood loss.  
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