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Clonidine, which has  a cen t ra l  adrenoposi t ive  action, has  a broad spec t rum of pharmaco log ica l  effects ,  
including analges ia ,  mani fes ted  by inhibition not only of emot iona l -behav iora l ,  but also of hemodynamic  noci- 
ceptive r eac t ions  [2, 11, 14]. Despite  intensive study of the neurochemica l  bases  of the hypotensive and va r i -  
ous psychot ropic  e f fec ts  of c[onidine [1, 9, 10], the med ia to r  and r e c e p t o r  m e c h a n i s m s  of clonidine-induced 
analgesia  have definitely been inadequately studied, and avai lable  data on the role  of opioidergic  and adrenerg ic  
p r o c e s s e s  in the analgesic  action of the drug are  cont rad ic tory  [7, 11, 12]. 

The p re sen t  inves t iga t ion  was devoted to a study of these  p rob lems .  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  were  c a r r i e d  out on 64 consc ious  ra ts .  The percep t ive  and emotional  components  of noci-  
cept ive r eac t ions  were  a s s e s s e d  by measu r ing  changes  in the latent  per iod of the tail flick and the threshold 
of vocal iza t ion in r e sponse  to e l ec t r i ca l  s t imulat ion of the base  of the tail [4]. A ca the te r  was introduced into 
the aor ta  to r e co rd  the blood p r e s s u r e  (BP) by the V16-5MA sys t em on a K-21 osci l loscope.  

The following subs tances  were  injected in t raper i tonea l ly  in the doses  stated (mg/kg):  clonidine (from 
Boehr inge r  Ingelheim, West  Germany) ,  0.1-1 mg/kg ,  naloxone (Narcan, f rom Endo Labora to r i e s ,  USA) 1 mg/kg ,  
r e s e r p i n e  (Rausedil ,  f r om Gedeon Richter ,  Hungary) 5 mg/kg ,  nisoxetine (from Eli Lilly,  USA) 10 mg/kg ,  
p r a z o s i n ( P r a z i o l , f r o m  Orion, Finland) 1 mg/kg ,  yohimbine (from Regis,  USA) 0.5 mg/kg .  In a separa te  se-  
r i e s  of e x p e r i m e n t s  clondine (2.5-.5 #g) and morphine  (10-20 ~g) were  injected into the subdural space of the 
spinal cord  at the level of the middle l umbar  segments  [13]. 

The numer ica l  r e s u l t s  were  subjected to s ta t i s t ica l  ana lys i s  by the usual methods.  

EXPERIMENTAL RESULTS 

Clonidine incloses of 0.25 to 1 mg /kg  inhibited the emotional  and pe rcep t ive  components  of the nociceptive 
r e sponse  and, at  the same t ime,  r a i s ed  BP (Fig. 1), p robably  due to the marked  pe r iphe ra l  va socons t r i c to r  
action of the drug in doses  of 0.1 m g / k g  and higher,  masking  i ts  cent ra l  hypotensive effect  [16]. The r e su l t s  
a re  evidence that the analges ic  effect  of clonidine in doses  of 0.25 to 1 m g / k g  is unconnected with para l l e l  
shifts  developing in the background BP levels ,  and they do not conf i rm the exist ing view [15] that  inhibition of 
the emot ional -painful  r e sponse  by the action of clonidine is due to weakenh~g of the an imals '  r eac t iv i ty  to 
ave r s ive  st imuli  through depress ion  of sympathet ic  tone and lowering of BP. 

Besd ie s  inhibiting the emot iona l -behav io ra l  mani fes ta t ions ,  clonidine also inhibited p r e s s o r  r e s p o n s e s  
of BP to s t imulat ion of the base  of the r a t s '  tail ,  evoking vocal izat ion (Fig. 1: 2). Reduction of the hemodynamic  
r e s p o n s e s  was not dose-dependent  in c h a r a c t e r  and it developed over  the range of both analgesic  and subanal-  
ges ic  (0.1 mg/kg)  doses .  Inhibition of the nocicept ive r e s p o n s e s  of BP dis t inguishes  clonidine f rom morphine-  
like drugs  which, admin i s t e red  sys t ema t i ca l ly  in analgesic  doses ,  do not significantly inhibit the hemodynamic  
components  of the noc[ceptive response  in an imals  and man [3, 5]. Very  probably  this  d i f ference  is to some 

Depar tment  of Pharmaco logy ,  Academician  I. P. P a r l o r  F i r s t  Leningrad ~ e d i c a l  Insti tute.  (Presen ted  
by Academician  of the Academy of Medical  Sciences  of the USSR A. V. Val 'dman.)  Trans la ted  f rom Byulle ten '  
]~ksper imenta l 'no i  Biologii i Meditsiny,  Vol. 100, p. 8, pp. 201-204, August, 1985. Original  a r t ic le  submit ted 
J a n u a r y  18, 1985. 

1080 0007-4888/85/0008-10805 09.50 �9 1986 Plenum Publishing Corpora t ion  



380 

100 

1 2 

i , , I I "r i i ~ iI  
o,1 o,25 0,5 o,/o, z5 0,5 

Fig. 1. Effect of c[ontdine on emotional behavioral  
and hemodynamic nociceptive responses  of 
rats.  Abscissa :  dose of clon[dine (in mg/kg);  
ordinate, changes in pa r ame te r s  (in %): 1) latent 
period of tail flick in response to tempera ture  
stimulation (empty circles)  and vocalization thresh-  
olds during e lect r ical  stimulation (filled circles) ;  
2) BP (empty c i rc les)  and p r e s s e r  responses  to elec-  
t r ical  stimulatLon of base of tail (filled circles)  t 
*P < 0.05. 
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Fig. 2. Changes in nociceptive responses  of BP to 
injection of clonidine (A) and morphine (B) into sub- 
dural space of rat  spinal cord. 1) Control; 2, 3) 5 
and 15 rain respect ively  after  injection of clonidine 
(2.5 #g) or  morphine (20 #g). F rom top to bottom: 
BP, m a r k e r  of stimulation of base of tail. Time 
m a r k e r  5 sec. 

extent due to differences in the effects of clonidine and narcotic analgesics on the mechanisms of regulation 
of the circulation, especially at the segmental level. The results (Fig. 2) show that clon[dine and morphine, 
injected subdurally in doses weakening the behavioral manifestation of pain equally, clonidine depresses hemo- 
dynamic nociceptive responses much more strongly than morphine. 

We know that clonidine can not only act on adrenergic mediation processes, but can also modify the af- 
finity of opioids for different types of opiate receptors [8]. From the standpoint of this receptor interaction, 
we can explain the abolition of the withdrawal syndrome in opiate-dependent subjects and certain other effects 
of clonidine [8, 11]. However, in our view, opioidergic mechanisms have no essential role in the formation of 
the analgesic action of elonidine. This conclusion is based on experimental data showing that naloxone did not 
weaken the effect of clonidine on emotional-behavioral and hemodynamic components of nociceptive reactions 
(Fig. 3). Further analysis, using adrenolytic drugs, suggested that the analgesic action of clonidine was due 
to activation of brain andrenergic processes. 

tF igure  as in the Russ ian  text,  It is not obvious which set of c i rc les  should be filled ia - Editor .  
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Fig. 3. Effect  of naloxone and adrenolyt ic  drugs  
on analgesic  effect  of clonidine (0.5 mg/kg) .  1) 
Clonidine and naloxone (1 mg/kg) ;  2) r e s e r p i n e  
(5 mg/kg)  and clonidine; 3) nisoxetine (10 mg/kg)  
and clonidine; 4) p razos in  (1 mg/kg)  and clonidine; 
5) yohimbine (0.5 mg/kg)  and clonidine; ordinate:  
changes  (in ~) in la tent  per iod of tail  fl ick (contin- 
uous lines) and p r e s s o r  r e s p o n s e s  of BP (broken 
lines). 

In r e se rp in i zed  an imals  (5 mg/kg ,  24 h before  the exper iment) ,  for  instance,  clonidine analges ia  proved 
s t ronge r  than inhibition of emot iona l -behav io ra l  nociceptive r e s p o n s e s  in the control group of r a t s  (Fig. 3). 
Reserp in iza t ion  exhaus ts  p resynap t ic  r e s e r v e s  of ca tacholamines ,  and thereby  c r e a t e s  a situation in the syn- 
apses  in which the effect  of clonidine can be rea l i zed  mainly  through postsynapt ic  ad renorecep to r s .  The r e -  
sults  thus suggested that the analgesic  action of clonidine is due to act ivat ion of cent ra l  ( h - a d r e n o r e c e p t o r s .  
The val idi ty  of this suggestion is conf i rmed  by the r e s u l t s  of expe r imen t s  with nisoxetine,  an inhibitor of ca te -  
cholamine reuptake [17], and with p razeos in ,  a highly se lec t ive  a t - ad reno ly t i c  (Fig. 3). Nisoxetine cons ide r -  
ably potentiated analges ia  due to clondine. After  p r e l i m i n a r y  adminis t ra t ion  of p razos in ,  the effect  of cloni-  
dine was not exhibited. Compared  wi th  p razos i a ,  the se lec t ive  antagonist  of p resynapt ic  ad renorecep to r s ,  
yohimbine,  weakened the d e p r e s s a n t  effect  of clonidine on emot iona l -behav io ra l  nociceptive r e s p o n s e s  only 
ve ry  slightly. Meanwhile the adrenolyt ic  drugs  modified the behav ior  and hemodynamic  components  of the an- 
a lgesic  action of clonidine differently:  The hemodyaamie  nociceptive r e s p o n s e s  were  v i r tual ly  unchanged a f te r  
injection of prazos in ,  but significantly inc reased  under the influence of yohimb[ne (Fig. 3). 

The r e su l t s  of the neuropharmacolog ic  ana lys i s  suggest  different  r ecep to r  mechan i sm for  behaviora l  
and hemodynamic  ef fec ts  of clonidine during pain. Inhibition of emotional  behaviora l  nociceptive reac t ions  
under the influence of clonidine is rea l ized  through act ivat ion of bra in  adrenerg ic  m e c h a n i s m s  through (h-  
ad reno recep to r s ,  whe reas  inhibition of the hemodynamic  mani fes ta t ions  of the nociceptive r e sponse  evidently 
t akes  place as a r e su l t  of the action of clonidine on a 2 - a d r e n o r e c e p t o r s ,  as is shown by the definite dissocia t ion 
between the e f fec ts  of p razos in  and of yohimb[ne on the emot iona l -behav io ra l  and ca rd iovascu l a r  e f fec ts  of the 
drug. This  hypothesis  also is conf i rmed  by data showing an equal dec rea se  in the intensity of nocicept ive r e -  
sponses  of BP under  the influence of clonidine in both analgesic  and subanalgesic doses ,  for  with a d e c r e a s e  
in the dose of clonidine i ts  se lec t iv i ty  of action on (~2-adrenoreceptors  is enhanced [6]. 

Opioidergic  s y s t e m s  thus do not have the dominant role in the rea l iza t ion  of the analgesic  action of 
clonidine. This effect,  mani fes ted  as  inhibition not only of emot iona l -behaviora l ,  but also of hemodynamic  
nocieeptive r e sponses ,  is connected much more  closely,  in our  view, with i ts  action on p r o c e s s e s  of ad r en e r -  
gic mediation.  The exper imen ta l  r e s u l t s  descr ibed  above also provide a bas i s  in our  view, for  a new hypo- 
thes i s  on the functional he te rogenei ty  of r e cep to r  subs t r a t e s  par t ic ipa t ing  in the rea l iza t ion  of hemodynamic  
and emot iona l -behav io ra l  mani fes ta t ions  of the analgesic  action of clonidine. 
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Data obtained recen t ly  have shown that  a neu ros i s - l i ke  state a r i s ing  in exper imen ta l  an imals  as a resu l t  
of chronic  emot ional -painful  s t r e s s  (EPS) is accompanied  by the crea t ion  of hypoxtc conditions in the bra in  
[1, 5]. Chronic alcohol consumption by exper imenta l  an ima l s  is known to lead to morphologica l  change in the 
bra in  [3] and to l o n g - t e r m  d i s tu rbances  of higher  nervous  act ivi ty  [4] and also of n e u r o t r a n s m i t t e r  s y s t e m s  [9]. 
Meanwhile the a n t t s t r e s s  action of alcohol in exper imenta l  an imals  has  been desc r ibed  [11, 14]. 

The a im of this investigation was to study the effect  of chronic alcohol consumption on reac t iv i ty  of the 
autonomic ne rvous  sys t em and on oxidative p r o c e s s e s  in the ra t  brain.  

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  were  ca r r i ed  out on 30 noninbred ma le  albino r a t s  weighing 200-250 g. The state of chron-  
ic EPS was c rea ted  by combined exposure  to "white noise"  and subsequent e l e e t r o d e r m a l  s t imulat ion coupled 
with f lashes  of light on a s tochast ic  schedule [5] dally for  4 weeks.  The an imals  were  divided into four groups:  
1) control  (intact ra ts ) ,  2) an ima l s  exposed to EPS, 3) a n i m a l s r e e e i v i n g a  20~. solution of ethanol a f t e r  wa te r  
deprivat ion,  4) an imals  subjected to EPS and consuming e thano l  The r a t s  were  given alcohol f rom the f i r s t  
day of EPS. Under  these  conditions the r a t s  of group 3 consumed 2-2.5 g /kg  alcohol pe r  head (calculated as 
100% ethanol) daily, whe rea s  an imals  of group 4 rece ived  30-40% more .  

Befo re  the beginning of exposure  to s t r e s s  and alcohol consumption,  and af ter  the end of these  p r o c e -  
dures ,  the an ima l s '  behavior  was a s s e s s e d  in  an open field tes t  and the autonomic p a r a m e t e r s  were  studied 
during functional loading by hypokinesia  (the an imals  were  kept in special  tubes, r e s t r i c t ing  the i r  movements ,  
for  2 h). The hea r t  ra te  (HR) was recorded  by means  of a p iezoe lec t r i c  c rys ta l .  The blood p r e s s u r e  (BP) 
was  de te rmined  by the appearance  of pulsed waves  a f t e r  constr ic t ion of the base  of the tail with a cuff. 

To de t e rmine  the stage of s t r e s s ,  according to Se lye ' s  sys tem,  the re la t ive  weight of the internal  o rgans  
(adrenals ,  spleen, thymus,  hear t ,  and brown fat) was  calculated.  The level of bra in  energy  me tabo l i sm was 
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