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The hypothalamus participates in regulation of the activity of the digestive tract [4, 
14] and influences the circulation in its organs [i, i0]. Changes also have been found in 
the bile-forming function and metabolism of the liver during hypothalamic stimulation [2, 3, 
7]. It can be postulated on the basis of these facts that hypothalamic structures may also 
have a role in regulation of the blood flow in the liver. However, whereas the hepatic cir- 
culation, innervation of the hepatic vessels, and their self-regulation have been discussed 
to a certain extent in the literature [ii, 13], there are virtually no data about central 
regulation of the circulation in the liver and the role of the hypothalamus in this process. 

The aim of the present investigation was to study the effect of electrical stimulation 
of various hypothalamic structures on the portal and arterial blood flow in the liver. 

EXPERIMENTAL METHOD 

Acute experiments were conducted on 26 dogs of both sexes, weighing 8-18 kg, under pen- 
tobarbital anesthesia (35 mg/kg). Concentric bipolar electrodes 0.8 mm in diameter (diame- 
ter of tip 0.i mm) were inserted by means of an SEZh-2 stereotaxic apparatus into several hy- 
pothalamic structures whose coordinates were calculated from an atlas of the dog's brain [12]. 
The brain was stimulated by a pulsed current from an ESL-2 stimulator. The parameters of 
stimulation were: 3-10 V, 50-200 ~A, 2 msec, 50 pulses/sec, 30-60 sec. At the end of the 
experiments the exact location of the points of stimulation was determined by histologic 
study of brain sections. Pressure in the carotid artery, portal vein, and posterior vena 
cava was recorded with an EMT-31 electromanometer. The volume velocity of the blood flow in 
the hepatic artery and portal vein was recorded by means of an RKE-2 electromagnetic flowme- 
ter. All parameters were recorded on an N-II5 recorder. From the pressure difference at 
the entry into and exit from the system of vessels and the velocity of the blood flow in 
them, the resistance of the territory of the hepatic artery and of the mesenteric and intra- 
hepatic portal vessels was calculated separately. In the course of the experiment the ani- 
mals were immobilized with succinylcholine (1-2 mg/kg) and artificially ventilated. 

EXPERIMENTAL RESULTS 

The original values of parameters of the hepatic circulation in these experiments were 
as follows: arterial pressure 171.2 • 5.6 gPa, the pressure in the portal vein 10.2 • 0.2 
gPa, the pressure in the posterior vena cava 3.2 • 0.2 gPa, and the velocity of the blood 
flow in the hepatic artery and portal vein 23.6 • 1.5 and 98.6 • 2.7 ml/min/100 g liver re- 
spectively. 

Stimulation of the various hypothalamic structures caused marked changes in the hepatic 
hemodynamics. For instance, the pressure in the hepatic vessels during stimulation rose as 
a rule by 13-64% depending on the site of stimulation (Fig. ib-d). Only if the sympathoin- 
hibitory zone or lateral preoptic nucleus was stimulated did the arterial pressure regularly 
fall by 16-22% of its initial value, but the pressure in the posterior vena cava and portal 
vein could still be increased under these circumstances (Fig. la). 

Fragments of traces from different experiments, illustrating the reactions of the he- 
patic blood flow are shown in Fig. i. The typical reaction of the portal blood flow, ob- 
served during stimulation of most hypothalamic structures, was a decrease by 10-61% (Fig. ic, 
d). The reduction of the portal blood flow was particularly marked in response to stimula- 

Department of Human and Animal Physiology, T. G. Shevchenko Kiev University. (Presented 
by Academician o 5 the Academy of Medical Sciences of the USSR B. I. Tkachenko.) Translated 
from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. i00, No. ii, pp. 521-524, Novem- 
ber, 1985. Original article submitted December 13, 1984. 

0007-4888/85/0011-1467509.50 �9 1986 Plenum Publishing Corporation 1467 



'a ~_(~:xpt. No.)n-~-~ 
10 

i 
lZ20 
Jag 

I ~176176 
1 
"400 

P "6 (EXDt. No.)ga-5 

'6 
5 . . . . . . .  t : I. 

o7 - 

nl  ~rain 

n 4 0 0  

4 300 

J 200 

2o!i 
I 0 !  _ _ 

o 

I 0 0  L ] 140 
BO 

7 5o~ 
40[ 

J203066 15 r] 

,305e 5 �9 
u 

~xpt.No.)]7-7 

/50 

50 

260 

150 

50 

Fig. I. Reactions of hepatic hemodynamics to hypothalamic stimula- 
tion. a) Stimulation of sympathoinhibitory zone (parameters: 0.08 
mA, 4.4 V), b) stimulation of paraventricular nucleus (0.15 mA, 5.6 
V), c) of medial mamillary nucleus (0.i mA, 4.8 V), and d) of ven- 
tromedial nucleus (0.15 mA, 5.2 V). From top to bottom: marker of 
stimulation, arterial pressure, blood flow rate in hepatic artery, 
blood flow in portal vein, pressure in portal vein and posterior 
vena cava. Scale of pressure on left, scale of blood flood on 
right. 

tion of the supraoptic and ventromedial nuclei. In these cases the blood flow could be re- 
duced three-fourfold. An increase in blood flow in the portal vein as a rule took place in 
response to stimulation of the sympathoinhibitory zone and the paraventricular and lateral 
hypothalamic nuclei (Fig. la, b). The amplitude of these reactions was 30-56% of the origi- 
nal level. 

The arterial circulation of the liver was increased or reduced by 21-44% during stimula- 
tion of structures of the anterior hypothalamus (sympathoinhibitory zone, lateral preoptic, 
anterior hypothalamic, and supraoptic nuclei); as a rule, moreover, these changes were in 
the same direction as changes in the arterial pressure (Fig. la). Meanwhile stimulation of 
the middle group of hypothalamic nuclei (ventro- and dorsomedial, lateral and posterior hypo- 
thalamic, lateral and medial mamillary, and paraventricular nuclei) caused changes in the ar- 
terial blood flow which were independent of changes in arterial pressure (Fig. ib, c). The 
predominant type of reaction in these cases was a fall of the arterial blood flow by 33-49%. 

The original values of vascular resistance in the abdominal vascular beds studied were 
as follows: the bed of the hepatic artery 5.66 • 0.35 gPa/ml.min'100 g, the mesenteric ves- 
sels 0.30 • 0.02 gPa/ml'min'100 g (the mean values of the changes in these parameters in re- 
sponse to stimulation of hypothalamic structures are shown in Fig. 2). Stimulation of the 
anterior hypothalamus was accompanied by relatively weak (14-23%) changes, mainly not statis- 
tically significant, in the resistance of the hepatic arteries. Meanwhile structures of the 
middle and posterior groups of hypothalamic nuclei had a stronger influence on the arterial 
bed of the liver: in response to their stimulation the vascular resistance in this region 
was increased by 60-173%. A decrease in arterial resistance in the liver also took place 
during stimulation of this region, but it was observed far less frequently (in 39 of 183 
cases), it was small (13-21%), and not statistically significant. 

The resistance of the portal and mesenteric vessels increased more than the resistance 
of the hepatic artery in response to stimulation of the same hypothalamic structures. There 
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Fig. 2. Changes in resistance of hepatic vessels and of 
splanchnic organs during hypothalamic stimulation (in % 
of initial level, M • m). Stimulation of: i) sympathoin- 
hibitory zone, 2) lateral preoptic nucleus, 3) supraoptic 
nucleus, 4) paraventricular nucleus, 5) lateral hypotha- 
lamic nucleus, 6) anterior hypothalamic nucleus, 7) ven- 
tromedial nucleus, 8) posterior hypothalamic nucleus, 9) 
lateral mamillary nucleus, I0) medial mamillary nucleus. 
Unshaded columns) resistance of hepatic artery, obliquely 
shaded) resistance of portal vessels of the liver, cross- 
hatched) of mesenteric vessels. 

was a particularly strong response to stimulation of the supraoptic, ventromedial, and lat- 
eral and medial mamillary nuclei. The portal and mesenteric vascular resistance in these 
cases was increased two-fivefold. The decrease in the resistance of these vascular beds 
took place in response to stimulation of the sympathoinhibitory zones and of the paraventri- 
cular and lateral hypothalamic nuclei, but the amplitude of these responses did not exceed 
22% of the original resistance. 

It can be tentatively suggested that the increase in resistance of the portal vessels 
of the liver took place on account of closure of sphincters which are present in the hepatic 
veins in dogs. However, as experiments using the method of rheohepatography, modified by 
the present writers [5] showed, the blood volume in the liver always decreased during stimu- 
lation of virtually every point of the hypothalamus, and this response took place indepen- 
dently of changes in the hepatic blood flow [6], i.e., in response to hypothalamic stimula- 
tion blood stored in the liver was released from it: There was no closing of sphincters and 
no increase in blood volume in the liver. 

As already pointed out, stimulation of various hypothalamic structures causes changes 
in the hepatic circulation which differ in amplitude and direction. Stimulation of the same 
hypothalamic structures, moreover, has differential effects on vessels of different abdomi- 
nal vascular beds. Stimulation of the supraoptic nucleus causes marked constriction of mes- 
enteric and portal vessels but has only a very weak effect on the arteries of the liver, 
whereas in response to stimulation of the ventromedial nucleus, vasoconstriction of the por- 
tal and arterial systems of the liver is observed, accompanied by a weaker effect on the mes- 
enteric vessels (Fig. 2). 

Reactions of the hepatic circulation described above agree well with autonomic compo- 
nents of emotional-behavioral responses to stimulation of the same hypotha!amic structures, 
described in the literature. For instance, stimulation of the lateral hypothalamic nucleus 
is accompanied by responses of food behavior, by activation of the digestive tract, and by 
an increase in the blood flow in it [8]. In the present experiments the portal blood flow 
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was increased and the portal vessels of the liver were dilated. In response to stimulation 
of the ventromedial nucleus, a defensive reaction usually arises, with excitation of the sym- 
pathetic nervous system, an increase in the cardiac output and muscular blood flow, and con- 
striction of the abdominal vessels [9, 15] (according to our own data, constriction of the 
arterial and portal vessels of the liver takes place). 

Certain hypothalamic structures may therefore participate in integrative control of the 
hepatic circulation, by exerting well-marked, differential and, to some extent, specific in- 
fluences on the hepatic vessels. 
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Many research workers have devoted great attention to relations between the endocrine 
system and the hierarchical rank of the individual in social groups of primates. The re- 
sults of such investigations, conducted on monkeys of different species, have proved fairly 
contradictory, evidently because different approaches to the problem were used. In polyan- 
drous groups of primates, for example, correlation can often be traced between the rank of 
dominance, aggressiveness, and the level of adaptive adrenocortical hormones [3, 7]. In 
Macaca rhesus, for example, correlation can be clearly established between gregarious behav- 
ior and adrenal function. The response of the adrenals is regarded as an index of individ- 
ual adaptation to the conditions of keeping in the cage [8]. On the other hand, in other in- 
vestigations [5] on monkeys of the same species, the plasma cortisol concentration did not 
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