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In contrast to the 13-agonist isoprenaline and the cq-agonist phenylephrine, the cz2-agonists 
clonidine, guanobenz, and methyldopa are highly effective against total brain ischemia. 
Epinephrine in itself is inactive but displays protective activity against the background of 
the 13-antagonist propranolol. The oc2-antagonist rauwolscine, but not col-antagonists, abol- 

i s h  the protective effect of clonidine. 
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Protectors with receptor activity are highly effective in 
various critical states, including brain ischemia (BI) [2]. 
The effects of the adenosine receptor agonists [4,9] in 
ischemia are well known, whereas those of the ago- 
nists of adrenoreceptors have not been studied in suf- 
ficient detail. In focal [8] and incomplete BI [6,7], the 
ec2-agonists clonidine [6] and dexmedetomidine [7,8] 
improve neurological status [6,7] and reduce histologi- 
cally revealed damage to the brain cortex [8]. The data 
for the hippocampus and caudal nuclei are ambiguous 
[6-8] and evidence on the effects of naturally occurring 
catecholamines is controversial. It is thought that in 
incomplete BI catecholamines actually aggravate neu- 
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rological status and have no effect on total ischemia 
[6]. The adrenoreceptor agonists have not been com- 
pared, and the effects of a2-agonists have not been in- 
vestigated. The present study was designed to ad- 
dress these topics. 

MATERIALS AND METHODS 

Experiments were performed on 350 mice of  both 
sexes weighing 16-25 g. The following preparations 
were used: R(-)-epinephrine hydrotartrate, RS-isopre- 
naline hydrochloride, anapriline (propranolol) (both from 
the Kharkov Plant of Endocrine Preparations), pheny- 
lephrine (Serva), cc-methylhydroxyphenylalanine (me- 
thyldopa), corynanthine (both from Sigma), rauwolscine 
(ICN), clonidine and prazosin (both from the Chemico- 
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TABLE 1. Effects of Agonists of Various Adrenoreceptors on the Duration of Gasping in Mice (CBAxC57BI) F 1 

143 

Dose, Time, Duration of Effect, 
Compound n p.mol/kg min gasping, sec % 

Control 

Isoprenaline 

Phenylephrine 

Epinephrine 

Anapriline 

Anapriline+epinephrine 

Clonidine 

Guanobenz 

Methyldopa 

55 

9 

13 

15 

19 

18 

23 

11 

14 

11 

49 

5.5 

34 

34+5.5 

3.75 

20 

1900 

5-420 

5 

15 

15 

15 

15+15 

45 

180 

300-420 

16.8 (14-22) 

15.7 (13-17) 

16.9 (13-22) 

16.2 (14-18) 

20.8 (17-26) 

27.8 (23-33) 

24.8 (21-29) 

42.0 (29-64) 

36.2 (30-52) 

-7 

+1 

-4 

+24* 

+65* 

+48* 

+150" 

+115" 

Note. Here and in Table 2: deviation limits are given in parentheses, *p<0.001 compared with the control. 

Pharmaceutical Institute, Moscow), and guanobenza- 
cetate synthesized by Dr. V. Yu. Kovtun (Farmzash- 
chita, Moscow). 

Prazosin, guanobenz and methyldopa were sus- 
pended in 1% Tween-80 and injected intraperitoneally; 
the other agents were injected subcutaneously as aqu- 
eous solutions. The volume of injection was 10 ml/kg. 
Dosage and times of administration were optimal for 
the manifestation of the pharmacological effect. The 
decapitation model of total BI with evaluation of the du- 
ration of agonal respiration (gasping) was used. The 
Wilcoxon-Mann-Whitney U test [4] was employed be- 
cause of considerable deviations from the norm. 

RESULTS 

The ~-agonist isoprenaline and the ~l-agonists phe- 
nylephrine and epinephrine were inactive, while all stu- 
died ~2-agonists (clonidine, guanobenz and methyl- 
dopa) markedly prolonged the duration of gasping 
(Table 1). This testifies to the significance of ~2-adre- 
noreceptors, since these compounds are chemically 
different: clonidine is a phenylaminoimidazoline deriva- 
tive, guanobenz is a benzylydeneaminoguanidine de- 

TABLE 2. Blockade of the Cerebros 

Antagonist 

rivative, and the active metabolite methyldopa (s-me- 
thylepinephrine) is a derivative of phenylethylamine 
[5,10]. However, it is unclear why epinephrine, which 
is known to activate (~2-adrenoreceptors, was inactive. 
It may be related to the fact that epinephrine is an 
agonist of all four types of adrenoreceptors and its op- 
posite effects are mutually abolished, as was demon- 
strated for radioprotective [1], anticalorigenic, and anti- 
hypoxic effects of catecholamines [3]. In fact, against 
the background of the R-antagonist propranolol, which 
increases the brain's resistance to ischemia, the pro- 
tective effect of epinephrine is pronounced. Since all 
three (~2-agonists displayed protective activity, it can be 
assumed that the protective effect of epinephrine is re- 
alized via the cc2-adrenoreceptors. In order to evaluate 
the role of the e~2-adrenoreceptors, we studied the in- 
fluence of the c~l-antagonists prazosin and corynan- 
thine and of the o~2-antagonist rauwolscine on the pro- 
tective effect of clonidine (Table 2). Obviously, pra- 
zosin and corynanthine did not block but rather in- 
creased the activity of clonidine. By contrast, rauwol- 
scine reduced in a dose-dependent manner and even 
prevented the protective effect of clonidine. This be- 
comes particularly striking when the effect in all the 

0inal Effect of Clonidine by Antagonists of Various Adrenoreceptors 

Dose, 
~mol/kg 

Time prior 
to c]onidine 

injection, min 

Duration of gasping, sec 

without clonidine clonidine, 3.75 p.mol/kg 
for 45 min 

( C B A •  F 1 
Control 
Prazosin 

O u t b r e d  
Control 
Corynanthine 
Rauwolscine 
Rauwolscine 

2.4 

28 

30 
30 

15 
15 

16.8 (14-22) n=55 
18.51 (16-21) n=17 

16.4 (11-21) n=75 
18.0 (15-25) n=6 

24.82 (21-29) n=23 
29.61,4,7 (25-33) n=9 

11 
28 

15 
15 

13.41 (12-15) n=8 
13.01 (10-16) n=9 

27.4 z (18-33) n=8 
32.01,3,5 (27-37) n=6 

20.51,4.6 (14-26) n=13 
16.73.7 (15-19) n=10 

Note. Significance of differences: lp<0.01, 2p<0.001 (compared with the control); 3p<0.01, 4p<0.001 (compared with the antagonist); Sp<0.05, 
~p<0.01, 7p<0.001 (compared with clonidine). 
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series is compared with the control. Compared with the 
effect of rauwolscine, which reduces the period of 
gasping, the effect of clonidine is more pronounced. 
However, even in this comparison the effect of clo- 
nJdine is much weaker than that in the series without 
rauwolscine. It should be stressed that corynanthine 
and rauwolscine are chemically similar (they are dias- 
tereoisomers of yohimbine) but differ markedly phar- 
macologically: corynanthine is a selective c~l-antagonist 
and rauwolscine is a selective ~2-antagonist [5,10]. 
Therefore, the experiments with the blockers confirm 
the significance of the cccadrenoreceptors for realizing 
the protective effect of clonidine. This is consistent with 
the blockade of the protective effect of dexmedetomi- 
dine by the c~2-antagonist atJpamezol [7]. The increase 
in the basal duration of gasping after the administra- 
tion of propranolol and prazosin and a decrease after 
rauwolscine indicate that endogenous catecholamines 
have a dual effect on brain resistance to total ischemia: 
they reduce it via the t3- and ccl-adrenoreceptors and 
potentiate it via the o~2-adrenoreceptors. 

Thus, the protective effect of ~2-agonists is typi- 
cal not only of focal and incomplete BI but also of to- 

tal BI. It has been demonstrated for different chemical 
compounds and, consequently, is of a universal na- 
ture. The role of ~2-adrenoreceptors in the protective 
effect of clonidine has been confirmed by blockade 
with the selective o~2-antagonist rauwolscine. 
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