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Effect of Opioid Lymphostimulation on the 
Microcirculation in Pial Vessels of the Ischemized 
Rat Brain 
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The response of  pial vessels to i.p. administration of leu-enkephalin (at 40 pg/kg) is 
studied biomicroscopically in the control, before and after bilateral occlusion of the 
common carotid arteries. Leu-enkephalin causes chiefly the narrowing of pial arterioles 
and does not affect venule diameter. The effect of  leu-enkephalin on occlusion of the 
common carotid arteries manifests itself in the preservation of circulation stability, the 
narrowing of  some arterioles, and in the decrease of the degree of dilation. These 
changes occur against the background of lowered arterial pressure, bradycardia, increased 
local circulation in the brain cortex by 50-70%, intensification of the lymph flow in 
micro- and macrovessels, and the absence of mortality of animals in the first hours 
of occlusion of  the arteries. 
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Lymphostimulation is effective method of treating 
not  only severe toxicoses, but  also ischemia 
[2,6,15]. However, the traditional methods of phar- 
macological stimulation, namely water loading, os- 
motic diuretics, as well as drugs improving hemo- 
dynamics, microcirculation, and rheological prop- 
erties of the blood and lymph, produce an indi- 
rect and insufficient effect and difficulties in pre- 
diction [3,4]. The most effective immunostimu- 
lators are the opioid peptides (leu-enkephalin, 
dalargin, and their tyrosine-containing analogs), 
which possess a direct lymphostimulating effect [7- 
9]. The peripheral leu-enkephalin-induced lym- 
phostimulation is attended by prevention or resto- 
ration of the damaged local circulation in the 
ischemized brain cortex [10]. However, the me- 
chanisms of leu-enkephalin compensation for the 
40% reduction of the blood flow in the brain oc- 
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cutting due to ligation of the carotid vessels have 
not been studied. 

The aim of the present investigation was to 
study the microcirculatory mechanisms mediating 
the restoration of the blood flow in the ischemized 
brain for opioid stimulation. 

MATERIALS AND METHODS 
Experiments were carried out on 110 inbred male 
albino rats weighing 200-300 g anesthetized with 
chloral hydrate (at 0.6 g/kg i.m.). The brain was 
ischemized by bilateral occlusion of the common 
carotid arteries (OCCA). Biomicroscopy of pial 
microvessels (diameter 10-100 ~t for arterioles and 
20-200 ~t for venules) was performed through a 
5x3-mm trepanation opening in the right parietal 
region of the cranium using a device created by 
us [1] for 1 h before and for 3 h after ischemia. 
To maintain physiological conditions the dura 
mater was preserved and the animal was heated 
with cotton wadding and disperse heat from an 
incandescent lamp (100 W) from a distance of 25- 
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Fig .  1. Effect  of  i.p. a d m i n i s t r a t i o n  o f  l e u - e n k e p h a l i n  (LB, 10 /ag/ml) o n  d i ame te r  o f  pial  ar ter ioles  o f  rat brain.  H e r e  an d  in 
Figs .  2, 3: a) I - r e a c t i o n  o f  all  a r te r io les ,  2 - d i l a t ed  vessels ,  3 -- c o n s t r i c t e d  vesse ls ;  b) s h a d e d  ba r s  s h o w  t h e  f r e q u e n c y  
of  d i l a t ion ,  wh i t e  bars ,  t he  f r e q u e n c y  of  cons t r i c t i on .  

30 cm. The rectal temperature  was kept at the 
level o f  36.9•176 A Russian-manufactured con- 
tact objective I0x (LOMO) was used for biomicro- 
scopy. The diameter of  pial microvessels was mea- 
sured on photomicrographs.  The local brain flow 
(BF) in the cortex was measured using the method 
o f  hydrogen clearance in the same region as the 
microcirculat ion in the pial vessels. The arterial 
pressure (AP) was taken in the right femoral ar- 
te ry  and right c o m m o n  carotid artery using an 
electric manometer .  The AP in the carotid sinus 
was recorded using a catheter mounted in the cra- 
nial direct ion,  and the distal par t  o f  the right 
c o m m o n  carotid artery was ligated. Ten micro- 
grams o f  leu-enkephalin (40 gg/kg animal weight) 
(Serva) in 1 ml 0.14 M NaC1 were administered 
i.p. The reaction o f  pial vessels was examined in 
six exper imental  series. A s tudy of  spontaneous 
changes o f  the diameter  and b lood flow was per- 
fo rmed in the 1st series in control  animals; the 
effect  o f  1 ml 0.14 M NaC1 administered i.p. was 
assessed in the 2nd series; OCCA was evaluated in 
the 3rd; the effect  of  i.p. administration o f  leu- 
enkephalin was investigated in the 4th series; in 
the 5th series leu-enkephalin was administered for 
preventive purposes 10 min prior to OCCA; and, 
finally, the therapeut ic  effect  o f  leu-enkephal in  
injected 10 min after OCCA was examined in the 
6th series. The lymph was sampled during 10 rain 
after  puncture  o f  the thoracic lymphatic duct  be-  
fore it empties into the left venous angle. The 
velocity of  the lymph flow was calculated in liters 
per  kg in 1 sec. The contracti le activity of  me-  
senteric lymphatic vessels o f  the small intestine 
was studied using a method devised by us [11]. 

Results were processed statistically using the Stu- 
dent  t test. 

RESULTS 
The diameter  o f  the control  pial arterioles and 
venules is stable during the 4 h o f  observat ion 
(variations do not  exceed 3%). Changes o f  blood 
flow direction may occur  in arterioles and arteri- 
olo-arteriolar  anastomoses in regions o f  adjacent  
b lood supply. The systemic AP was 98.1___0.3 mm 
Hg and intrasinus pressure was 57.2+1.3 m m  Hg. 
The BF in the cortex was 54.4+1.4 ml per  100 g 
in 1 min [10]. The lymph flow veloci ty  in the 
thoracic lymphatic duct was (2.8+0.5)• .7 li ter/kg/ 
sec. Mesentefic lymphatic microvessels o f  the small 
intestine did not contract. 

The administration o f  1 ml 0.14 M NaC1 did 
not  cause reliable changes o f  the studied param- 
eters. The bilateral OCCA was accompanied  by a 
stable decrease o f  the intrasinus pressure, reflect- 
ing the pressure in the vascular  system o f  the 
b ra in ,  to 3 4 . 1 + 2 . 7  m m  Hg,  o r  59% o f  the  
baseline level. The BF in the cortex decreased to 
the same degree [10], while the systemic AP rose 
by 15%. The changes of  microcirculation occurring 
in pial vessels manifested themselves in a short- 
term (for 1-2 sec) circulation arrest with subsequent 
restoration but  a lesser velocity. The BF  in the 
cortex dropped by 41% on average [10]. Cont inu-  
ous changing of  the blood flow direction in arte- 
rioles and artefiolo-artefiolar anastomoses was char- 
acteristic for the first 30 min after O C C A  onset. 
The blood redistribution occurring in the arteriolar 
bed is compensatory  and is related to a reduced 
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Fig.  2. Changes of  the diameter of pial arterioles of the rat 
brain in dynamics of bilateral OCCA. 

blood flow in brain vessels, accomplished chiefly 
through vertebral arteries after OCCA. In the long 
t e rm after OCCA (after 1-3 h ) the direction of  
the blood flow in pial vessels becomes more stable. 
One  of  the constant  phenomena  associated with 
brain ischemia is a dilation of  pial arterioles (Fig. 
1), while the diameter  o f  venules varies insignifi- 

cantly. The first 30 min o f  OCCA, accompanied  
by a changing direction o f  the blood flow in pial 
microvessels, is characterized not only by dilation 
but  by a brief  constriction o f  some pial arterioles 
as well (Fig. 1, a, b). The arteriolar constriction 
is most intensive and frequent  during the first 3- 
6 min of  brain ischemia. The constrict ion o f  pial 
arterioles may be of  two kinds, namely strong and 
short- term (over 2-fold lumen narrowing for 1-1.5 
re_in) and weak and longer-lasting (10% reduction 
o f  the lumen for 20-30 min). The strong kind of  
constriction affects not just a particular arteriole but 
its branches as well. The weak type encompasses 
certain vessels of  the pial bed or their parts. These 
different  reactions of  pial arterioles, constriction 
and  dilation, are probably local mechanisms of  
blood flow redistribution aimed at maintaining the 
brain hemodynamics in ischemia. At later times of  
brain ischemia (1-3 h) the degree o f  dilation o f  
arterioles steadily rises. The progression o f  the pro- 
cess is related more to the involvement of  previ- 
ously constricted vessels than to an enlargement of  
the lumen o f  already dilated ones. One hour  after 
onset of  OCCA all pial vessels are dilated and just 
isolated vessels exhibit no reaction. Despite the 
autoregulatory nature of  the increase of  the arteri- 
ole lumen (by 70% maximally) a imed at improv- 
ing the brain flow, the local BF in the cortex and 
intrasinus pressure remained lowered for 3 h of  
OCCA, indicating that one  vasomotor mechanism 
is not  enough to compensate  for the flow defi- 
c iency in moderate ly  severe brain ischemia. 

OCCA was at tended by a progressive fall o f  
the lymph flow velocity in the thoracic lymphatic 
duct.  Thus, 50 min after OCCA onset  the lymph 
flow velocity attained only 43% of  the baseline 
level (100%). Mesenteric lymphatic  vessels of  the 
small intestine did not  contrac t  and lymphostasis 
was noted in many  of  them. 

Leu-enkephal in injected i.p. at 40 ~tg/kg in- 
duced two types of  reaction of  pial arterioles (Fig. 
2, a, b). A constriction by 20% on average of  the 
majority o f  arterioles (43-74% of  vessels) was noted 
during various periods after leu-enkephalin admin-  
istration. The degree of  constriction and number  of  
constricted vessels showed wavelike variations dur- 
ing 3 h of  observation. Dilation developed in the 
lesser proportion o f  arterioles (13-42% of  vessels), 
progressing in the course o f  time. The diameter  of  
these vessels was increased by 27% on average 3 
h after leu-enkepalin administration. The total re- 
act ion o f  microvessels was characterized by a de- 
crease of  the lumen o f  the arteriolar bed of  the 
pia mater  (Fig. 2, a). The change o f  the pial 
venule lumen in response to leu-enkephal in did 
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Fig.  3. Effec t  of  p re l imina ry  (a, b) and  t he r apeu t i c  (c, d) i.p. admin i s t r a t i on  of  l e u - - e n k e p h a l i n  (LE, 10 ~tg/mt) on  d i a m e t e r  
o f  pial  ar ter ioles  of  b ra in  in bilateral  OCCA. 

not  exceed 2-3 ~t (no difference from the baseline 
level). Even though arterioles were mainly con- 
stricted, the velocity o f  the blood flow in pial 
microvessels was accelerated. The local flow in the 
brain cortex rose progressively under the same con- 
ditions, attaining the maximal value o f  171N 2.5 

h after the administration o f  the drug [10]. The 
slight short-term two-phase fluctuations of  the cen- 
tral AP and bradycardia could not  have produced 
the acceleration of  the blood flow velocity in pial 
and cortical microvessels in response to the admin- 
i s t ra t ion  o f  l eu -enkepha l in ,  whereas  a strong 
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stimulation of  the lymph flow in micro- and 
macrovessels could markedly stimulated the blood 
flow [7,9]. Initially inactive mesenteric microvessels 
of the small intestine (blood depot) began to con- 
tract with a frequency reaching 33 contractions per 
min and the duration of  activation was over 40 
min (in the control the spontaneous contraction of 
lymphatic microvessels ceased after 5-10 rain and 
the frequency did not  exceed 5-10 contractions/ 
min). Intensified contractile activity of lymphatic 
microvessels was accompanied by acceleration of 
the lymph flow velocity in mesenteric microvessels. 
The flow velocity in the thoracic duct was 293, 
561, 621, and 468% 10, 20, 30, and 70 rain af- 
ter  leu-enkephal in  administration, respectively 
(p<0.001). 

The administration of  leu-enkephalin 10 rain 
prior to OCCA resulted in a combined reaction of 
pial microvessels, including constriction due to leu- 
enkephalin and dilation induced by OCCA. Dur- 
ing the first 10 rain after leu-enkephalin adminis- 
tration the constriction of some and the dilation 
of other vessels was noted (Fig. 3, a). Subsequent 
OCCA promoted an increase of  the number of  
dilated arterioles, without qualitatively affecting the 
vascular reaction (Fig. 3, b). The summary lumen 
of pial arterioles increased, but the degree of dila- 
tion was lesser as compared to the effect of  OCCA 
alone. Thus, the maximal widening caused by 
OCCA was 170%, for the preventive use of leu- 
enkephal in  the lumen  was only 130% of the 
baseline diameter, whereas in the group of dilated 
vessels it was 150%. Secondly, this series differed 
from the OCCA series in the preservation of the 
constriction reaction in some arterioles during the 
entire experiment (Fig. 3, a, b). The velocity of 
the blood flow in pial microvessels did not drop, 
and the direction of the flow was stable. The lo- 
cal flow in the cerebral cortex was preserved at the 
baseline level [10]. The flow velocity in the tho- 
racic lymph duct, as well as in the mesenteric 
lymphatic microvessels and their contractile activ- 
ity were intensified and corresponded to the data 
obtained for control leu-enkephalin administration. 

Treatment with leu-enkephalin I0 rnin after 
OCCA changed  the lumen of  pial arterioles 
(venules did not react) in the same way as with 
the preventive use of leu-ertkephalin before OCCA. 
During 3 h of  ischemia two kinds of arteriole re- 
action were also noted, namely monotonous con- 
striction of  the lesser part of vessels and dilation 
of the majority of them (Fig. 3, c, d). The reac- 
tion of the lymphatic system, central hemodynam- 
ics, and BF were the same as in experiments with 
the preventive use of leu-enkephalin. 

Leu-enkephalin caused an increase of the sur- 
vival of  animals with chronic OCCA. The leu- 
enkephalin effect was most pronounced in the first 
few hours after the onset of  brain ischemia, dur- 
ing which all animals remained alive. Without leu- 
enkephalin 12% of animals died during the first 
10 h after OCCA. At later terms of OCCA the 
efficacy of leu-enkephalin dropped. Thus, 33% of 
animals survived 3.5 months after OCCA onset 
and leu-enkephalin administration, while without 
leu-enkephalin only 27% of animals stayed alive. 

The results differed from data obtained by 
other authorities [12-14]. The difference lies in 
the constriction of some pial arterioles and stable, 
progressive, and long-term (over 3 h) intensifica- 
tion of BF in the cerebral cortex caused by i.p. 
administration of  leu-enkephalin. The different 
route of leu-enkephalin administration (instead of  
the previously used intraarterial, intravenous, and 
intraventricular administration and application) lies 
at the root of such differences. Intraperitoneal ad- 
ministration of leu-enkephalin was accompanied by 
a strong stimulation of the contractility of perito- 
neal lymphatic microvessels, resulting in the ac- 
celeration of the lymph flow not only in mesen- 
teric microvessels but also in the thoracic lym- 
phatic duct, the major collector of  the lymphatic 
system. The noted changes occurred against the 
background of the lowered central hemodynamic 
indexes (AP, pulse rate).  Thus, the lympho-  
stimulation induced by the opioid peptide exerted 
a protective and therapeutic effect on the micro- 
circulation, BF of the ischemized brain, and ani- 
mal survival. The preserved constriction and lesser 
degree of dilation of pial arterioles attest to the 
lowered autoregulatory reaction of brain vessels, 
which is known to be in proportion to the oxy- 
gen def ic iency and metabolic disturbances in 
ischemized brain tissue. It has been experimen- 
tally proven that enkephalins reduce the oxygen 
uptake by tissues in myocardial infarction [5]. The 
same reaction probably occurs in the brain tissue 
under the action of leu-enkephalin. Since com- 
pensatory mechanisms of flow deficiency in our 
experiments cannot be explained solely by the va- 
somotor reaction of the pial vessels, a key role in 
this process may be played by the general lym- 
phostimulation of the organism caused by leu-en- 
kephalin, which normalizes the brain homeostasis. 
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A histophotometric study of the liver dehydrogenase activity reveals the nature of 
changes of enzymatic homeostasis and its periodicity in the dynamics of endotoxinemia 
in dogs. A compensatory reaction to lipopolysaccharide administration develops during 
the first two hours. A decrease of dehydrogenase and diaphorase activity and the de- 
velopment of structural damage to hepatocytes appear later. It is shown that the acti- 
vation of  free-radical oxidation as well as an increase of the level of  medium-sized 
molecules in the blood plasma play a key role in the pathogenesis of liver damage. 

Key Words: metabolism; liver; endotoxin 

Recent experimental studies have conf'n-med the 
importance of endotoxin from Gram-negative bacte- 
ria as a triggering element in the total reaction of 
the organism, which is accompanied by typical 
clinical-functional changes leading to the develop- 
ment of endotoxin shock and of multiple organ fail- 
ure [1,13]. Being responsible for the development of 
the somatogenic stage of intoxication, the liver is the 
chief organ fulfilling a barrier and detoxication func- 
tion. At the same time, the initial period of 
endotoxicosis may proceed asymptomatically due to 
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pronounced adaptive-compensatory reactions of the 
hepatic cells [9]. The above considerations call for 
a study of the alterations in hepatocyte metabolism 
which determine the level of compensatory resources 
and which are an important pathogenic element in 
hepatic insufficiency. 

The aim of the present study was a quantita- 
tive histoenzyme assay of hepatocytes in the dy- 
namics of systemic endotoxinemia. 

MATERIALS AND METHODS 
The study was carried out on the 97 liver biop- 
sies from 11 mongrel dogs weighing 13-18 kg 
which were injected i. v. simultaneously with E. 
eoli lipopolysaccharide in a dose of 2 mg/kg. Bi- 
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