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T i s s u e  h o m e o s t a s i s  is l a rge ly  connected with the n o r m a l  functioning of the m i c r o v a s c u l a r  bed, and, 
in pa r t i cu la r ,  with t r an s cap i l l a ry  in terchange and penet ra t ion  of physiological ly  ac t ive  and other  subs tances  
through the ce l l  m e m b r a n e s  of d i f ferent  t i s sues .  

In pathological  conditions this homeos t a s i s  may  be d is turbed in var ious  ways .  Because  of this ,  con-  
t ro l led  pha rmaco log ica l  act ion on the pe rmeab i l i t y  of ce l l  m e m b r a n e s ,  including the m i e r o v a s c u l a r  bed, is 
of cons ide rab le  impor tance .  

During the l as t  few y e a r s  expe r imen ta l  invest igat ions have been c a r r i e d  out in this d i rec t ion  in the 
au thor s '  l abo ra to ry  using models  of var ious  pathological  p r o c e s s e s  (radiation s i ckness ,  influenzal infection, 
me ta s t a s i za t i on  of t um or s ,  d i s turbance  of the c o r o n a r y  c i rcula t ion,  and so on). 

Cons iderab le  at tention has r ecen t ly  been paid to the study of synthetic  de r iva t ives  of v i tamin  P.  The 
authors  have studied the pharmaco log ica l  p rope r t i e s  of escu lamine  (8-d ihydroxydie thylaminomethyl -4-  
methylescule t in  hydrochloride},  synthes ized  in the Inst i tute  of P h a r m a c o l o g y  and Chemotherapy ,  Academy 
of Medical  Sciences  of the USSR [5], and have obse rved  i ts  normal iz ing  effect  on t i s sue  and v a s c u l a r  p e r -  
meabi l i ty .  

To judge the s ta te  of the t i s sue  and va scu l a r  permeabi l i ty ,  methods of studying the pe rmeab i l i t y  of 
the t i s sue-b lood  b a r r i e r s  have been used, with su l f acy l - sod ium [9] as an example  of low molecu la r  weight 
subs tances  and f luoresce in  (production of a f l uo re sce in -p ro t e in  complex) as an example  of subs tances  c o m -  
ple te ly  bound (in a ce r t a in  concentrat ion)  by blood p ro te ins .  The coeff ic ient  of pe rmeab i l i t y  (K) was 
e x p r e s s e d  by the r a t io  between the concentra t ion  (in rag%) of indicator  in the organ and its concentra t ion in 
the p l a sma .  

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

In the f i r s t  s tage  of the invest igat ion the action of escu lamine  was studied on animals  i r r ad ia t ed  with 
x r a y s ,  fo r  an essen t i a l  ro le  in the m e c h a n i s m  of the hemor rhag i c  synd rome  a r i s ing  a f t e r  i r rad ia t ion  is 
played by changes in pe rmeab i l i t y  of the t i s sue-b lood  and va scu l a r  b a r r i e r s  and the r e s i s t a n c e  of the 
v e s s e l s .  

Animals  (rats ,  r abb i t s ,  mice} were  exposed to a s ingle  dose of whole-body i r rad ia t ion  f r o m  the 
RUM-3 x - r a y  appara tus ,  amounting to 600 or 800 R. 

The su l f acy l - sod ium concentra t ion was de te rmined  by means  of the F]~K-3M photoelect r ic  c o l o r i m e t e r ,  
and the f luoresce in  concentra t ion  by an e l ec t ro f luo romet r i c  appara tus  desc r ibed  by V. A. Gromov and Z. N. 
Nakhi l 'n i t skaya  [4], and a lso  by L. B. Utevskaya ' s  method [11]. The s ta te  of the vascu la r  pe rmeab i l i t y  was 
a lso  judged f r o m  the amount  of f luo resce in  (intensity of f luo rescence  in #A) escaping f r o m  the blood 
v e s s e l s  into the aqueous humor  of the an te r io r  chambe r  of the eye and into the skin of rabbi t s .  Eseu lamine  
was injected in t ravenous ly  in a dose of 10 m g / k g  or  injected subcutaneously  or  given by mouth in a dose 
of 35-50 m g / k g  (once or  repea tedly) .  

The expe r imen ta l  r e su l t s  g i v e n i n T a b l e  1 show that in an imals  i r r ad i a t ed  with x rays ,  e scu lamine  
lowers  the t i s sue  pe rmeab i l i ty ,  l a rge ly  prevents  the i nc r ea se  in pe rmeab i l i t y  of the blood v e s s e l s  of the 
b lood-eye  b a r r i e r  and skin of rabb i t s ,  and r e s t o r e s  n o r m a l  va scu l a r  r e s i s t a n c e ,  its act ivi ty exceeding 
that  of Rutin. O. V. Alekseev [1] showed by means  of the e lec t ron m i c r o s c o p e  that  e scu lamine  prevents  
m a r k e d  dilatation of the interendothel ia l  spaces  in the cap i l l a r i e s  obse rved  a f t e r  whole-body x - r a y  i r r a d i a -  
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Fig. 1. Changes in permeabil i ty of coronary v e s s e l s  and 
myocardium for f luoresce in  (continuous line) and sul facyl -  
sodium (broken lines) 24 h after ligation of coronary artery 
(A) and irritation of vagus nerve  (13). 1) Without prepara-  
tion; 2) after injection of esculamine.  Permeabi l i ty  tnintact 
animals taken as 100. 

tion of animals. Finally, the distinctive "strengthening" 
action of eseulamine on cell membranes may also be judged 
by the lesser degree of penetration of ink particles both into 
spleen cells and into erythrocytes. This is confirmed also 
by the higher resistance of erythroeytes from irradiated 
animals receiving esculamine to alkaline hemolysis, indi- 
cating that the degree of injury to the erythroeyte membranes 
of animals irradiated with x rays is diminished by es culamine. 

Eseulamine thus has a normalizing action on tissue 
and vascular permeability when disturbed by x-ray irradia- 
tion. 

In the second section of the investigation the effect of 
esculamine and aminoadamantan (the latter was synthes ized 
by A. P. Arendaruk and co -workers  [2]) on the course  of 
experimental  influenzal infection was studied. The basic 
assumption was that the state of vascular  and cel lular per-  
meabil i ty is of great importance for  penetration of m i c r o -  
organisms and v iruses  into the t i ssues  and ce l l s  of the host.  
In addition, in cl inical  observations [15] an antif lammatory 
action of substances with vitamin P activity was observed,  
and their therapeutic effect has been attributed mainly to 
removal  of the syndrome of capil lary damage caused by 
bacteria or v i ruses .  

Meanwhile substances capable of blocking the pathways 
of penetration of virus through the animal cel l  m e m b r a n e -  
aminoadamantan and other a m i n e s - h a v e  aroused cons ider-  
able interest  [13, 14]. 

The effect of these preparations on the development 
and course  of influenzal pneumonia were  studied in experi -  
ments on albino mice  infected intranasally under superficial  
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TABLE 2. Effect  of Substances on Survival  Pe r iod  of Mice (in days) 

Groups of an imals  

Control  
Receiving e scu lamine  
Receiving aminoadamantan  

34 
53.1 
52.3 

2-3 

12.1 
35.8 
41.0 

Dose of v i rus  (in LDs0 ) 

I I~ 
11.7 8.4* 
23.7 12.2" 
29.0 25.0 

50 

5.8* 
6 .9* 
7.8 * 

*Dif ference  not s t a t i s t i ca l ly  s ignif icant  (P-0.05).  

e ther  anes thes ia  with influenza A v i rus  (s train PR-8)  in doses  of 1, 5, 10, and 50 LDs0. The subs tances  
w e r e  given in ternal ly  to the an imals  in a dose of 100 m g / k g  10-30 rain before  infection, and the dose was 
repea ted  a f t e r  5 days .  

The  expe r imen ta l  r e su l t s  showed (Table 2) that  escu lamine ,  like aminoadamantan ,  inhibits deve lop-  
m e a t  of influenza pneumonia and a l levia tes  its cou r se .  If the dose of v i rus  was 1.5 and 10 LDs0 , f o r i n -  
s t ance ,  these  subs tances  prolonged the su rv iva l  per iod  and inc reased  the r a t e  of su rv iva l  of the mice  by 
50-100% c o m p a r e d  with the cont ro l  an imals .  However ,  ff the dose of v i rus  was inc reased  to 50 LDs0, the 
ac t iv i ty  of both subs tances  was much lower,  as r e g a r d s  both the i r  effect  on the length and the r a t e  of s u r -  
v iva l  of the an imals .  The r e su l t s  of a h is to logical  s tudy of the lungs of the cont ro l  and e s c u l a m i n e - t r e a t e d  
an imals ,  c a r r i e d  out by  A. M. P rokhorova ,  conf i rmed  the reduct ion in s e v e r i t y  of the pa thologica lchanges  
(hemodynamic d i s tu rbances  and i n f l a m m a t o r y  foei) in the lungs of the t r ea t ed  mice .  Eseu lamine  a lso  
inhibited reproduct ion  of v i rus  in the lungs, without, however ,  having a v i ruc ida l  act ion.  

Compara t ive  s tudy of the effect  of eseu lamine  and aminoadamantan  on t i s sue  pe rmeab i l i t y  and r e s i s t -  
ance of the blood v e s s e l s  showed that if the p repa ra t ions  w e r e  admin i s t e r ed  ora l ly  in 5 doses  of 60 m g / k g  
the i r  act iv i ty  was the s a m e .  

I t  may  thus be  postulated that  escu lamine ,  like aminoadamantan ,  p revents  penet ra t ion  of v i rus  into 
the ce l l  and reduces  in jury to the blood v e s s e l  wal l  in v i rus  infection. 

In the th i rd  sec t ion  of the investigation, pe rmeab i l i t y  w as studied in ce r ta in  f o r m s  of c a rd iovascu l a r  
pathology, and  the effect  of admin is t ra t ion  of subs tances  with v i t amin  P act ivi ty  in these  cases  was examined.  
Observa t ions  have been made ,  main ly  in cl inical  condit ions,  accord ing  to which in ce r t a in  hea r t  d i seases  
(myocard ia l  infarct ion,  chronic  c o r o n a r y  insufficiency,  ce r t a in  d i so rde r s  of the hea r t  valves)  the p e r m e a b i l -  
i ty of the pa t ien ts '  cutaneous v e s s e l s  is modif ied [7, 10]. Morphological  changes ifi the m y o c a r d i u m  in such 
conditions also indicate changes of pe rmeab i l i t y  [3, 6]. However ,  the ove ra l l  pe rmeab i l i t y  of the m y o e a r d -  
ium and co rona ry  v e s s e l s  has not been studied exper imenta l ly .  

In the au thors '  exper imen t s  c o r o n a r y  insuff ic iency was produced by c rea t ing  expe r imen ta l  neur i t i s  
of the r ight  vagus n e r v e  in rabbi t s  by inject ing res in i f ied  te rpent ine  into the ne rve  [12] and myoca rd ia l  
i s chemia  was produced by ligating the an t e r io r  descending b ranch  of the left  c o r o n a r y  a r t e r y .  T h e c a r d i o -  
va scu l a r  d i s o r d e r s  obse rved  a f t e r  these  opera t ions  were  studied by N. A. Yushchenko e l e c t r o c a r d i o -  
g raph ica l ly  and morphologica l ly  [12]. 

The t i s sue  and v a s c u l a r  pe rmeab i l i t y  we re  inves t igated 3 h and 1 and 8 days a f t e r  injection of t e r -  
pentine into the r ight  vagus ne rve  or  a f t e r  l igation of the left  c o r o n a r y  a r t e r y ,  i .e . ,  at  the t ime  of max ima l  
s e v e r i t y  of the d i s tu rbances  produced.  The rabbi t s  we re  given an int ravenous injection of a solution of 
su l f acy l - sod ium (100 m g / k g )  or  f luo resce in  (sodium sal t ,  10 m g / k g ) ,  and 20 min l a t e r  the an imal  was ki l led 
and the concentra t ion  of injected indicator  (in mg %) was de te rmined  in the p l a sma  and myoca rd ium.  The 
coeff ic ient  of pe rmeab i l i t y  was ca lcula ted .  The exper imen ta l  r e su l t s  a r e  shown in the f igure .  In exp e r i -  
ments  with i r r i t a t ion  of the vagus ne rve s  the overa l l  pe rmeab i l i t y  of the c o r o n a r y  v e s s e l s  and m y o c a r d i u m  
to su l facy lsodium was inc reased  at all  th ree  t imes  of invest igat ion.  

The r e su l t s  of the exper imen t s  to inves t igate  the pe rmeab i l i ty  of the c o r o n a r y  v e s s e l s  to the f l u o r -  
e sce in -p ro te in  complex  24 h a f te r  operat ion a r e  shown in the f igure .  Af ter  i r r i t a t ion  of the vagus ne rve  
the i nc rea se  in v a s c u l a r  pe rmeab i l i t y  was not s t a t i s t i ca l ly  signif icant .  In the ca se  of myoca rd i a l  i schemia  
pe rmeab i l i t y  in zones of m ic roscop i ca l l y  unchanged hea r t  musc le  was sl ightly inc reased ,  while in the zone 
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of i schemia  the changes of pe rmeab i l i t y  we re  mos t  marked ,  a r e su l t  a t t r ibutable  both to d is turbance  of 
pe rmeab i l i t y  of the blood ve s s e l s  of co l l a t e ra l  b ranches  and the ve s se l s  of Thebes ius  in this region,  and 
a lso  to re tent ion  of the f l uo re sce in -p ro t e in  complex  by the musc l e  t i ssue .  A s ingle  intravenous injection of 
escu lamine  in a dose  of 10 m g / k g  into rabbi t s  a f t e r  l igation of the co rona ry  a r t e r y  reduced  pe rmeab i l i t y  
to the f l uo re sce In -p ro t e in  complex  only in the reg ion  of i s chemia .  The n o r m a l  e l ec t roca rd iograph ic  in-  
dices w e r e  also r e s t o r e d  in these  s a m e  an imals .  

Hence,  a f te r  chronic i r r i t a t ion  of the vagus ne rve  or  l igation of the c o r o n a r y  a r t e r y  the ove ra l l  p e r -  
meabi l i ty  of the m y o c a r d i u m  and c o r o n a r y  v e s s e l s  is i nc reased ,  and it may  be reduced  by admin i s t r a t ion  
of subs tances  with v i tamin  P act ivi ty .  

The r e su l t s  desc r ibed  Indicate that where  the pe rmeab i l i t y  of the m i c r o v a s c u l a r  bed is changed in 
var ious  pathological  p r o c e s s e s ,  in the pathogenesis  of which these  changes m a y  play an essen t i a l  ro le ,  
the i r  r e s to r a t i on  to n o r m a l  m a y  be a bas ic  pr inciple  of therapeut ic  m e a s u r e s  taken to influence the c o u r s e  
of the dis ease .  
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