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The response  of the blood flow and a r t e r i o l e s  (the change in thei r  d iameter )  in the r a t  m e s -  
en te ry  to application of h is tamine  (100-500 Mg) and adrenal in  (1-10 ~g) was studied in vivo. 
The sensi t iv i ty  of the m i c r o v e s s e l s  10-30 ~ in d iamete r  to the action of these substances 
was reduced  in hyper tension.  
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Dis turbances  of the mic roc i rcu la t ion  a re  among the m o re  impor tan t  fac tors  involved in the patho- 
genes i s  of hyper tens ive  s ta tes .  In this condition the reac t iv i ty  of the m i e r o v e s s e l s  is modified.  Inves t i -  
gations of the m i e r o v e s s e l s  of the bulboconjunctiva [9] and nailbed [6] of patients with essent ia l  hyper ten-  
sion have revea led  the high sensi t iv i ty  of the a r t e r i o l e s  to adrenal in.  A cha rac t e r  of the action of h i s ta -  
mine  on the microve ' sse ls  is also de te rmined  by thei r  reac t iv i ty .  This could account  for  the con t rad ic to ry  
r e s u l t s  indicating that h i s tamine  can induce both dilatation [4, 5, 10, 11] and const r ic t ion  of the a r t e r io l e s  
and other  m i c r o v e s s e l s  [7, 8]. 

The object  of this invest igat ion was to compare  r e sponses  of the mie roe i rcu la t ion  to application of 
h is tamine and adrenal in  to the r a t  m e s e n t e r y  in normal  animals  and animals  with exper imenta l  hyper ten-  
sion. 

EXPERIMENTAL M E T H O D  

Male albino r a t s  weighing 260-450 g were  used. Exper imenta l  hyper tens ion was induced by applying 
a meta l  coil  (lumen 0.3-0.35 ram, length 2.5 ram) of 3-4 turns  to the left  rena l  a r t e ry ,  followed (15-20 days 
la ter)  by r emova l  of the second kidney [2]. The p resence  of hyper tension was conf i rmed by measur ing  the 
blood p r e s s u r e  repea ted ly  by a bloodless method,  without anesthesia ,  by means  of a p iezoe lec t r ic  t r a n s -  
ducer  [3]. The blood p r e s s u r e  of the control  animals  was 95 • 3.6 m m  and of the hyper tens ive  animals 
130+5.6  mm Hg (P<0.01) .  

B iomic roscopy  of the r a t  m e s e n t e r y  was c a r r i e d  out under urethane anes thes ia  (1.6 g/kg). The ab-  
domen was opened through a midl ine  incision and a loop of intest ine was carefu l ly  s t ra ightened out on the 
l ight conductor  of the heated stage (37~ Drying of the m e s e n t e r y  was prevented  by mois tening its s u r -  
face with physiological  sal ine warmed  to 37~ and wrapping the intest ine in mo i s t  gauze s t r ips .  

The internal  d i ame te r  of the m i c r o v e s s e l s  was r e c o r d e d  by an image splitting method [1], using an 
object ive and ocular  giving magnif icat ions  of 40x and 10x, respec t ive ly .  Histamine (100-500 ~g) and ad ren-  
alin (1-10 ~g) were  applied in 0.1 ml physiological  saline.  The exper iments  were  c a r r i e d  out 7-126 days 
a f t e r  r emova l  of the kidney. 
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Fig.  1. In t rav i ta l  m i c r o s c o p y  of m e s e n t e r y  
of a r a t  with exper imen ta l  rena l  hype r t en -  
sion: a) gene ra l  view of mie roe i r cu l a t i on  
(objective 10x, ocular  1.7x); b) wave- l ike  
shape of a r t e r i o l e  (object ive 2.5, ocular  1.7). 
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Fig. 2. Changes in diameter of arterioles 
after application of i0 #g adrenalin (marked 
by arrow): A) control; B) experimental hy- 
pertension. Shaded areas denote range of 
spontaneous variations of diameter. Abscis- 
sa, time (in rain); ordinate, diameter of ves- 
sels (in #). 

EXPERIMENTAL RESULTS 

AND DISCUSSION 

In the cour se  of deve lopment  of expe r imen ta l  hy-  
pe r tens ion  in the an imals  the i r  gain in weight was r e -  
ta rded .  The an ima l s  became  a g g r e s s i v e ,  the i r  fur los t  
i t s  sheen and became yel lowish in color ,  and some of 
the ha i r  c ame  out. 

In the e a r l y  per iods  of deve lopment  of h y p e r t e n -  
sion (7-30 days) the m e s e n t e r y  became  e x t r e m e l y  s en -  
s i t ive to mechan ica l  injury a s s o c i a t e d  with i ts  r e m o v a l  
f r o m  the abdomen.  This  was shown by the deve lop-  
men t  of s t a s i s  in the cap i l l a r i e s  and in the sma l l  a r -  
t e r io les  and venules .  

La te r  (40-126 days) sens i t iv i ty  to t r a u m a  be-  
came  l e s s  than that  usual ly  o b s e r v e d  and the blood 
flew in all  the v e s s e l s  r ema ined  n o r m a l  a f t e r  r e m o v a l  
of the m e s e n t e r y ,  so that  s t a s i s  neve r  developed.  

This could evident ly  be explained by the i n c r e a s e d  
p r e s s u r e  in the v a s c u l a r  s y s t e m  coupled with the s i -  
mul taneous  d e c r e a s e  in sens i t iv i ty  of the v e s s e l  wall .  

A noteworthy fea ture  was the deve lopment  of a 
network of v e s s e l s  containing numerous  m e t a r t e r i o l e s ,  
p r e c a p i l l a r i e s ,  cap i l l a r i e s ,  venules ,  and a r t e r i o l o -  
venular  a n a s t o m o s e s  in these  r a t s .  F o r  example ,  
whe reas  in the control  an ima l s  an a r t e r i o l e  20 /~ in 
d i ame te r  gave off on the ave r age  5-11 v e s s e l s  of 
s m a l l e r  d i a m e t e r ,  including m e t a r t e r i o l e s ,  p r e c a p i l -  
l a r i e s ,  and cap i l l a r i e s  as b ranches ,  in expe r imen ta l  
hyper tens ion  an a r t e r i o l e  of the s ame  d i ame te r  gave 
off no fewer  than 15 analogous v e s s e l s .  The m e s e n -  
t e r i c  m ic roc i r cu l a t i on  in hyper tens ion  gradual ly  a c -  
qu i red  the appea rance  of a network consis t ing chief ly  
of p r e c a p i l l a r i e s ,  cap i l l a r i e s ,  and pos t cap i l l a r i e s  
anas tomos ing  with each other  (Fig. la) .  C h a r a c t e r -  
i s t i ca l ly  the a r t e r i o l e s  and, in pa r t i cu l a r ,  the venules  
we re  wave- l ike  in shape.  Whereas  n o r m a l l y  one a r -  
t e r io le  20-25 ~ in d i ame te r  m a y  have up to 6 waves ,  
in hyper tens ion  an a r t e r i o l e  of the s a m e  d i a m e t e r  m a y  
f o r m  up to 13 waves  (Fig. lb).  

Changes in the blood flow in the m i c r o v e s s e l s  of 
the m e s e n t e r y  10-30 ~ in d i ame te r  in r e sponse  to ap-  
pl icat ion of histamine and adrenalin are shown in Ta- 
ble i. 

In the control animals histamine, in doses of 
i00 to 300 ~g, caused slowing of the blood flow fol- 
lowed by stasis, which were abolished by rinsing with 
physiological saline. Histamine in doses of 400-500 
~g led to irreversible stasis. Larger doses (300- 
500 /~g) were needed to induce initial slowing of the 
blood flow in the animals with hypertension. However, 
after rinsing the blood flow was restored even after 
application of these larger doses of histamine. 

15 



TABLE i. Changes in Blood Flow in 
Arter io les  10-30 /~ in Diameter in Rat 
Mesentory in Response to Application of 
Histamine and Adrenalin 

Substance 

I C~ ' 
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i~ o o ~ u o ~  
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Adrenalin ~ "J- ----" + f -+. l T 

,05 ; 
Legend: +) change observed; -) no ehange; 
+ or -)  change present  in some vessels  
and absent in other.  

ameter  to adrenalin is therefore  reduced. 

In the control ser ies 'appl icat ion of adrenalin al-  
ways caused slowing of the blood flow followed by the de- 
velopment of i r r evers ib le  stasis in doses of 3-10 /~g. In 
animals with hypertension the same doses of adrenalin 
never caused i r revers ib le  stasis.  

Changes in the diameter of the microvesse ls  showed 
that application of histamine in the control animals led to 
initial constriction (by 6-7% of the initial diameter of the 
lumen), followed by dilatation (by 3-6% of the initial di- 
ameter) .  In ra ts  with experimental hypertension the r e -  
sponse of the vessels  to histamine was not significantly 
changed. 

Application of adrenalin in the control animals led 
to constriction of the arterioles by 8-28%, whereas the 
same substance caused constriction by not more than 9- 
18% in the hypertensive animals. In other words, with an 
increase in the dose of adrenalin, constriction of the ar- 
terioles was increased by a lesser degree in the hyper- 
tensive than in the normal animals. The reduced sen- 
sitivity of the arterioles to adrenalin in hypertension is 
illustrated in Fig. 2. 

In rats with experimental renal hypertension, the 
sensitivity of the mesenteric arterioles 10-30 ~ in di- 

Meanwhile there are reports in the literature to the effect that 

the sensitivity of the ar te r io les  of the human bulboconjunctiva to adrenalin is increased in hypertension [9]. 
This contradiction can evidently be explained by species differences and by differences in the types of hy- 
pertension, the location of the microvesse ls  tested, and the doses of the preparations used. 

The response of the blood flow to application of histamine and adrenalin as described above also 
demonstrates a decrease  in thc sensitivity of the mesenter ic  microvessels  of rats  to this substance in ex- 

perimental renal  hypertension. 
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