
Cerebral Microcirculation and Metabolizm, 
edited by J. Ćervós-Navarro and E. Fritschka, 
Raven Press, New York € 1981. 

Is Acute Failure of Adrenals an 
Important Factor Limiting Recovery from 

Cerebral Ischemia? 
Andrzej Kapuściński, Ryszard Pluta, and 

Mirosław J. Mossakowski 

Department of Neuropathology, Meilical Research Center. Polish Academy of Sciences, 
00-784 Warsów, Polanii 

Systemie arteria] hypotension is a well-known factor limiting recovery from cerebral 
ischemia. The majority of studies have mentioned its noxious effect on reperfusion of cerebral 
microcirculation and have dealt with methods of counteracting it rather than with its mech-
anism. Several authors assume an impairment of the vasomotor centers in midbrain and 
hypothalamus as a basie event in the mechanism of hypotension (1 ,2 ,9) . The necessity of 
pharmacological support of blood pressure during the hypotensive period in the extensive 
research on complete cerebral ischemia by means of several experimental models turned our 
attention to the possible role of the lack of endogenic vasopressor substances, among other 
reasons. 

The purpose of this study was to characterize alterations of systemie arterial pressure 
during and after complete cerebral ischemia. and to correlate them with changes of nor-
adrenalinę concentration in the blood, as well as to analyze other factors participating in the 
mechanisms of ischemic-postischemic hypotension. 

MATERIAŁ AND METHODS 

The experiments were carried out under i.v. pentobarbital anesthesia, 35 mg/kg. in 76 
adult rabbits of both scxes. Complete cerebral ischemia was produced by two experimental 
models: compressive ischemia of 5 to 15 min duration, desenbed by Kawakami and Hossman 
(7), and occlusive ischemia up to 60 min, described by l lossmann and Zimmermann (6). 
In both models, animals were trachcotomizcd. and vcntilated with room air; however, in 
the second model, they were immobilized with gallamine triethiodide (Tricuran), and oc-
clusion of arteries supplying the brain was performed suprastcrnally without thoracotomy 
(13). Additionally, a 30 min cerebral ischemia was produced in ninc Mongołian gerbils 
under intraperitoneal anesthesia, 70 mg/kg. by bilateral occlusion of the common carotid 
artery w ith supportive controlled ventilation. The foliowi ni* parameters were re .orded con-
tinuously and/or periodically. In rabbits and gerbils, an electrocorticograni (ECóG) and an 
electrocardiogram with a second limbie lead (EKG) were taken, and systemie arterial pressure 
from the femoral artery (SAP) was monitored. In rabbits. the mtegrated bioelectrie activity 
of the respiratory centers from the phrenic nerve was measured, and cerebral blood flow 
was measured by means of the i :"Xe washout technicjuc. Intracranial pressure from the 
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cisterna magna, blood gases and pH, cndtidal C02, and rectal temperaturę were monitored. 
The whole blood concentration of noradrenalinę (NA) and adrenalinę were determined by 
means of spectrofluorometric assay after chromatographic separation (11). The experiments 
in rabbits were carried out under suppression of hypertensive response by means of the 
ganglioblocking agent trimethaphan camphosulfonate (Ajfonad) and/or bloodletting; however, 
in 16 animals, the above procedure was postponed to get a pure experimental pieture of 
"sympathetic discharge." Differences between mean values of NA concentration in the blood 
were assessed by S t u d e n f s /-test for unpaired data. Survival time of animals was up to 6 
hr, after which postmortem gr-oss examination and light microscopic studies were performed. 
including the brain, heart, langs. and adrenals. 

R E S U L T S 

In both experimental models in rabbits. complete cerebral ischemia triggered immediate 
hypertensive response, which developed in the first minutę of ischemia (Figs. I and 2). The 
rise of blood pressure was more steep in compressive than in occlusive ischemia. An inerease 
of SAP in compressive ischenjia amounted to 70.0 ± 1 0 . 7 m m H g ( « = 8), and in occlusive 
ischemia to 62 .0 ± 10.7 mm Mg (n — 8). In animals without suppression of vasopressor 
response, extrasystolic cardiac arrhythmia was present as a rule at the top of the blood 
pressure rise. 

An inerease of blood pressure was observed also in gerbils after bilateral occlusion of the 
common carotid artery. However , rise of blood pressure in these animals was very slow 
(the highest pressure occurred between 3 and 12 min after occlusion) and amounted to 
28.0 ± 9.7 mm Hg (n = 9). No cardiac arrhythmia was observed during the hypertensive 
period. 

The sequence of blood pressure changes in rabbits during and after complete cerebral 
ischemia in both experimental models without suppression of vasopressor response is pre-
sented in Figs. 3 and 4. Systemie arterial pressure began to decrease below the control values 
at 4 .0 ± 0 .8 min of ischemia in the compressive model (n = 8), and at 3.6 ± 0.9 min 
in the occlusive model (n = 8). A maximum decrease of blood pressure as compared to 
the control values amounted to 48 .0 ± 8.1 mm Hg in the first model, and to 60.0 ± 11.0 
m m Hg in the second model. The lowest level of blood pressure appeared at 6.1 ± 1.3 min 
in the compressive model (n = 7), and at 12.1 ± 8.3 min in the occlusive model (n = 7). 
In a majority of cases, an early decrease of blood pressure below the control values in both 
experimental models was related to disturbances of cardiac function. 

Analysis of blood pressure changes in rabbits with suppression of vasopressor response 
by means of Arfonad and/or bloodletting, i .e . , without disturbances of the cardiac function 
in two experimental models (15 min compressive ischemia; 30 min occlusive ischemia), 
gave the following results. Systemie arterial pressure began to decrease below the control 
values at 8 .2 ± 2 .4 min of ischemia (n = 11) in the compressive model , and it began to 
decrease below the predicted 75 mm Hg at 3.8 ± 0 .9 min of ischemia (n = 11) in the 
occlusive .,iodel. The lowest level of blood pressure, below which it was necessary to support 
SAP by means of vasoactive drugs. appeared at 8.8 ± 2.8 min of ischemia in the first 
model (n — 8), and at 11.8 ± 4.1 min of ischemia in the second model (n = 10). 

In gerbils, after bilateral carotid occlusion. no arterial hypotension was observed through-
out the whole 30 min period of cerebral ischemia. On the contrary, during the first 15 min 
of ischemia, the blood pressure was in the majority of cases higher than control. 

http://rcin.org.pl



http://rcin.org.pl



http://rcin.org.pl



297 HYPOTENSION IN C E R E B R A L . ISCHEMIA 

FIG. 3. Sequence of blood pressure changes during and after 10 min complete cerebral 
compressive ischemia in the rabbit. Experiment without ganglioblocking suppression of va-
sopressor response and bloodietting. Note progressing deterioration of the cardiac function. 
ECoG, electrocorticogram; EKG, electrocardiogram; TCP, intracranial pressure; SAP, sys-
temie arterial pressure. 

Irrespective of the exper imen ta l mode l appl ied , cessat ion of cerebra l i schemia p roduced 
in al! an imals a brief but p r o f o u n d d rop of b lood pressure , which had to be t reated in s o m e 
cases with vasoac t ive d rugs . Blood N A concen t ra t ions in rabbits dur ing and a f t e r cerebral 
ischemia in both exper imenta l mode l s are presented in Figs . 5 and 6 . 

In occ lus ive i s chemia , dur ing the first' minu tę of the i schemic per iod , N A concen t ra t ion 
rose s ignif icant ly f rom the control lcvel of 1.81 ± 0 . 5 9 ng/rnl (n - 11) to 4 . 8 0 ± 2 . 0 5 
ng/ml (/i = 7), p < 0 . 0 0 1 , and decreased to 2 .85 ± 2 . 1 9 ng/ml (n - 7) du r ing the 18th 
ininute of i schemia , whe rea s in the third minutę a f te r i schemia , it d r o p p e d to 1 .59 ± 1.12 
ng/ml (n = 5) , wh ich is ins ignif icant ly be low contro l . 

In compress ive i schemia , the b lood N A concen t ra t ion rose s igni f icant ly dur ing the first 
minutę of the i schemic per iod f rom a control leve! of 1.17 ± 0.95 ng/rnl ( n = 16) to 
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FIG. 6. Blood noradrenalinę concentration during and after 10 min complete compressive 
ischemia of the rabbit brain. Experiments without ganglioblocking suppression of vasopressor 
response and bloodletting. Mean ± SD; n = number of animals. 

vasop re s so r r e sponse , severe card iac d i s tu rbances dcve!opcd dur ing cerebral i schemia , lead-
ing in major i ty of cases to the left heart fa i lure and p u l m o n a r y e d e m a . T h e results of these 
obse rva t ions were publ i shed e l sewhere (8). 

T h e second hypo tens ive per iod is much morę compl ica ted in its poss ible pa thomechan i sms , 
and was not exp lorcd as thorough ly as the C u s h i n g ' s re f lex . It should be stressed that the 
a b o v e pa thologica l state deve lops in all an imal s wi th comple t e cerebral i schemia , including 
those in which the vasopres so r response is suppressed by m e a n s of gang l iob lock ing agents 
and /or b loodle t t ing . T h e ear ly decrease of b lood pressure u p to the 7th to 8th minutę of 
i schemia is not to be de f ined as actual arterial hypo tens ion , s ińce there are many reasons 
for it, such as d i f fe ren t react ivi ty of an imals to gang l iob lock ing agen ts , speed of bloodlett ing 
and r e in fus ion , per iodica l impa i rmen t of card iac func t ion , and o thers . H o w e v e r , our results 
clearly s h o w e d that be tween the 9th and I2th minutę of c o m p l e t e cerebra l i schemia , in 
w h i c h e v e r expe r imen ta l mode l with rabbi ts , a genu ine and marked hypo tens ion developcd, 
and S A P had to be suppor ted by m e a n s of vasoac t ivc d rugs . 

Despi te the genera ł s imilar i ty of changes in b lood N A concent ra t ion in both experimental 
mode l s , their m e c h a n i s m s should be d iscussed separa te iy . 

Occ lus ive i schemia in the g r o u p of an imals in which blood N A concent ra t ion was evaluated 
had been p roduced in cond i t ions of suppress ion of vasoprcs so r response by m e a n s of bricf 
revers ib le b lood le t t ing , and dur ing the hypo tens ive per iod , b lood pressure w a s supported 
by i .v . in fus ion of Hypcr t ens in . Th i s t rea tment resulted in the risc of N A concentra t ion in 
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blood to the Icvcl of only 2.7 timcs that of control, and was followed by a relativcly slow 
dccrease to the control values in the postischemic period. 

Compressive ischemia in the group of animals in which blood NA concentration was 
assayed had been produced in conditions of maximum synipathetic discharge. i .e . , with no 
suppression of vasopressor response and bloodletting. This resulted in the rise of NA con-
centration to 4 .7 times the control value, and subsequently to a relatively quick drop to a 
below control level during the postischemic period. 

Since NA is secreted from the adrenal medulla, it seems reasonable to assume acute 
functional exhaustion of adrenals after sympathetic discharge. Our morphological exami-
nations revealed numerous hemorrhagic foci in the adrenal cortex. The same pathological o 
alterations in adrenals have been described by other authors in cats during intracranial 
hypertension (14). 

Comparison of the blood pressure changes and blood NA concentration in the periods 
under examination showed a close correlation during the early ischemic period, and a 
discrepancy between these two parameters in the 18th minutę of ischemia in the occlusive 
model and in the 6th minutę in the compressive model, when still higher blood NA con-
centration coincided with the Iow blood pressure. Blood catecholamine concentration in a 
given period of time is a mean value between the secretion, excretion, and metabolic 
degiadation; each may be very abnormal in pathological conditions. 

Similar vasopressor response in compressive and occlusive cerebral ischemia in rabbits, 
and maximum rise of blood pressure during the beginning of respiratory disturbances in 
gerbils after bilateral carotid occlusion, supports the ischemia or hypoxia of medullary centers 
as the mechanism triggering sympathetic discharge, which operates through the medullo-
adrenal axis. Since an inerease of blood noradrenalinę concentration and blood pressure rise 
is higher in compressive than occlusive ischemia, the mechanism of local stimulation of the 
brainstem structures may well contribute to the overall mechanism of the vasopressor re-
sponse. 

When the vasopressor response is not suppressed, severe cardiac disturbances are devel-
oping, leading to the left heart failure and pulmonary edema. Between the 9th and 12th 
minutę of complete cerebral ischemia, marked hypotension develops, and it is necessary to 
support blóod pressure by means of exogenic vasopressor substances. 

Though there is a close correlation between blood pressure changes and blood NA con-
centration during the early ischemic period and much less of a correlation in the later period, 
NA concentration progressively decreases from the highest value during the vasopressor 
response to below control during postischemic period following maximum sympathetic 
discharge. The lack of arterial hypotension in gerbils after bilateral carotid occlusion with 
supportive controlled ventilation, in conditions where the brain hemispheres are ischemic 
and the medulla is perfused, as well as the developing hypotension in complete cerebral 
ischemia, supports the notion that impaimient .of vasomotor centers is a basie event in the 
mechanism of hypotension. Nevertheless, acute failure of tiie adrenals may well contribute 
to the overall impairment of the neurohumoral' control of tiie vascular resistance. 
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