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P r e l i m i n a r y  injection of 2 m g / k g  d iazepam abol ishes  the pyrogenic  r eac t ion  and inc rea se s  the 
su rv iva l  r a t e  of r abb i t s  af ter  in t ravenous  injection of cat  blood. A study of the phys icochemica l  
p r o p e r t i e s  of the blood by m e a s u r e m e n t  of the ionization equi l ibr ium dur ing t he rma l  dena tu ra -  
tion showed that injection of heterologous blood into r abb i t s  and suspending rabbi t '  s e r y t h r o -  
cytes  in c a t ' s  p l a sma  in v i t ro  lead to a sha rp  d e c r e a s e  in the r a t e  of proton binding by the 
p l a s m a  prote in  in the p resence  of the foreign e ry th rocy t e s .  P r e l i m i n a r y  injection of d iazepam 
to the rabb i t s  and addition of d iazepam to the cat '  s p l a s m a  in v i t ro  p reven t  these changes and 
enable the blood to r e t a in  its native p rope r t i e s .  Addition of d iazepam in a concentra t ion of 
about 10 -4 M to heterologous p l a s m a  cons iderably  r educes  e ry th rocy te  agglutination. 
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Benzodiazepine de r iva t ives  a re  used in cl inical  p rac t i ce  mainly as t r anqu i l i ze r s  and ant iconvulsants  [ 2]. 
However,  r ecen t ly  they have been shown to have a ma rked  ant ihis tamine,  ant iserotonin,  and antibradykinin ac-  
tion [7, 8]. P r e p a r a t i o n s  of this c l a s s  have been found to have ant iedematous  and an t i in f lammatory  p rope r t i e s  
[4].  These  compounds have been shown to be effect ive in anaphylact ic  shock, bronchial  as thma,  u r t i ca r i a ,  and 
rhini t is  [ 5, 6, 8]. These  facts  a re  evidence that benzodiazepine de r iva t ives  inhibit r eac t ions  of inc reased  
sens i t iv i ty  of immedia te  and delayed types and have a m a r k e d  effect  on the immune s y s t e m  of the body. 

Consider ing that the s ea r ch  for subs tances  effect ive against  incompat ibi l i ty  r eac t ions  is a very  urgent  
problem,  in this invest igat ion the effect  of d iazepam on the development  of shock and on some phys icochemica l  
p rope r t i e s  of the e r y t h r o c y t e s  and p l a s m a  was studied af ter  intravenous injection of heterologous blood into 
rabbi t s .  

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

Expe r imen t s  were  c a r r i e d  out on 30 rabbi t s .  All the an imals  r ece ived  an intravenous injection of f r e sh  
hepar in ized ca t ' s  blood in a dose of 2-3 or 6-7 ml /kg .  One group of an imals  was given d iazepam (Seduxen, in 
ampuls ,  f r o m  Richter ,  Hungary) in a dose of 2 mg /kg  in t r amuscu la r ly  30 min  before the t r a n s f u s i o n o f h e t e r o l -  
ogous blood. The O 2 uptake and CO 2 excre t ion  (by the Spirol i t  apparatus) ,  the r ec t a l  t empera tu re ,  and the 
blood p r e s s u r e  (by a d i r ec t  method) were  m e a s u r e d  in the rabbi ts .  The phys icochemica l  p rope r t i e s  of the 
blood were  a s s e s s e d  f rom its ionization equi l ibr ium during the rma l  denatura t ion [ 3]. The same method was 
used to study the p r o p e r t i e s  of a mix ture  of e r y t h r o c y t e s  and heterologous p l a s m a  in vitro.  Changes in the pH 
of the p lasma ,  e ry th rocy te s ,  and whole blood dur ing e levat ion of the t e m p e r a t u r e  (58~ were  r eco rded  con- 
tinuously by the 262 p H - m e t e r  with the aid of an ESL-63-07  e lec t rode  and KSP-4 automat ic  wr i t e r .  
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TABLE 1. Changes in Rectal Tempera ture ,  Basal Metabolism, and Value of tan a for 
Rabbits after  Intravenous Injection of 2-3 ml /kg  Cat 's  Blood (M • m) 

time, rain 

0 
15 
30 
45 
60 

T,~ 

38,0+0,1 
39,2---~0,3" 
39,7+0,1" 
40,3___0,1" 
40,6~0,2" 

Without diazepam 

CO~, % 0~, % 

100% 100% 
1724--8" 148_--t-7" 
198--+5' 170+8" 
162+5" 151+10* 
137• I 134+14" 

tan = 

0,84+__0,12 
0,19+0,08" 
0,16~0,08" 
0,21--}-0,07" 
0,31+0,10" 

I- T, ~ 

38,1q-0,I 
37,9+0,1 
37,7+0,2 
37,9+0,2 
38,3+0,2 

Diazepam, 2 mg/kg 

CO,, % 0~, % 

1oo% loo% 
98~2 100+5 

105___4 102-1-2 
1064-7 103+5 
104_+2 102• 

tan a 

0,98~0,14 
0,91~0,15 
0,84~0A0 
0,98~0,13 
0,92_+0,07 

Note. Values differing s tat is t ical ly significantly from initial values (P < 0.05) indicated 
by aster isk.  
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Fig. 1. Changes in pH of rabbi t ' s  p lasma (1), rabbit '  s whole blood (2), washed rab-  
bi t ' s  e ry th rocy tes  (5), and rabbi t ' s  e ry throcy tes  in ca t ' s  p lasma in the presence of 
diazepam (3) and in its absence (4) at 58~ 

Fig. 2. Dependence of tan a on quantity of cat' s p lasma in rabbit '  s blood. Abscissa,  
quantity of ca t ' s  p lasma (in 70 of rabb i t ' s  plasma). 

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

The resu l t s  of the in vivo exper iments  are given in Table 1. In all the rabbits,  after intravenous injec- 
tion of 2-3 ml /kg  of ca t ' s  blood the rec ta l  temperature  rose  by 2-3~ and the 0 2 uptake and CO 2 excret ion were 
increased.  In the animals receiving a pre l iminary  injection of diazepam no such changes developed. In most 
rabbits  which were given an injection of 6-7 ml /kg  of ca t ' s  blood after diazepam the blood p ressu re  was un- 
changed, whereas in the animals not receiving diazepam it fell sharply. All rabbits  not receiving diazepam 
died in the course  of 2 weeks, whereas  all the animals receiving diazepam survived after the smal ler  dose of 
heterologous blood and 40% survived after rece iv ing  a la rger  dose of blood. 

Denaturation of the blood p lasma at 58~ in vi tro was accompanied by proton binding which obeyed a 
linea r relat ionship (Fig. 1), whereas the e ry th rocy tes  gave up protons in accordance with a S-shaped curve. In 
other words, e ry th rocy tes  are proton donors  and plasma a proton acceptor.  For  whole blood of intact animals 
the curve of the change in affinity of the protons during exposure to heat is the geometr ic  sum of curves 1 and 
5; proton binding in regions AB and CD, moreover ,  is connected with the ability of p lasma to bind protons, 
whereas the decrease  in pH in the region BC is connected with the giving up of protons by the erythrocytes .  
However, this geometric summation is characteristic only for plasma and erythrocytes of animals belonging 

1129 



Fig. 3. Rabbi t ' s  e ry th rocy tes  in ca t ' s  p lasma without (a) and 
with (b) diazepam in a concentrat ion of 10 -4 M. 

to the same species.  On mixing p lasma and e ry throcy tes  of animals of different species  the shape of the curve 
may differ considerably.  For  instance, when rabbits '  e ry th rocy tes  were suspended in cat' s p lasma curve 4 
was recorded  without a r i se  in the region CD, although cat' s p lasma is just as good a proton acceptor  as is 
rabbit '  s plasma. The presence  of heterologous e ry throcy tes  thus led to loss of the acceptor  proper t ies  by the 
plasma. To a s ses s  the changes in the physicochemical  proper t ies  of the blood quantitatively on mixing he te ro l -  
ogous e ry throcytes  and plasma, the value of tan o~ was used. Gradually increas ing the proport ion of ca t ' s  
p lasma in rabbit '  s blood in exper iments  in vitro (washed rabbit '  s e ry throcy tes  were suspended in a mixture of 
rabbit '  s p lasma and ca t ' s  plasma) led to a virtually linear decrease  in the value of this index (Fig. 2). 

Injection of heterologous blood into rabbits  was accompanied by a considerable decrease  in the value of 
tan o~, whereas in animals receiving diazepam tan ~ was unchanged (Table 1). P re l iminary  addition of d iaze-  
pare in a concentrat ion of 10 .4 M to cat' s p lasma in vi t ro  also led to res tora t ion  of the acceptor proper t ies  of 
the plasma in the presence  of rabbit '  s e ry throcy tes  (Fig. 1). 

Special exper iments  showed that diazepam, in a concentrat ion of 5.10-5-1.10 -4 M prevents agglutination 
of rabbit '  s e ry th rocy tes  in ca t ' s  p lasma (Fig. 3). Similar resu l t s  also were obtained with human blood of dif- 
ferent  groups:  P r e l im ina ry  addition of diazepam to serum in a concentrat ion of about 10 .4 M considerably 
prevented agglutination of e ry throcy tes  of groups A and B suspended in the corresponding hemagglutinating 
serum. 

The resul t s  of the present  investigation indicate that diazepam has a substantial  effect on the immune 
react ivi ty  of the animal following injection of foreign blood, by intervening di rec t ly  in the interaction between 
e ry throcytes  and plasma protein. The wr i te rs  previously [3] postulated the s t ruc tura l  differentiation of native 
blood. Mixing incompatible e ry th rocy tes  and plasma evidently leads to disturbance of the supramolecular  
s t ruc tures  of the liquid par t  of the blood, ruptures  the bonds stabilizing the e ry th rocy t e -p l a sma  proteins com-  
plex and, ultimately, leads to agglutination of the e ry throcytes .  Considering that the pathogenesis of shock 
following transfusion of heterologous blood is based on a d i sorder  of the blood flow caused by agglutination [ 1), 
the protective action of diazepam in the present  exper iments  can be attributed to its ability to prevent  this d i s -  
turbance of the native proper t ies  of blood. 
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