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The p i tu i ta ry  occupies  a leading posit ion in the rea l iza t ion  of functions of ant inociceptive s y s t e m s  of the 
brain.  An impor tan t  ro le  also has  been asc r ibed  to p i tu i t a ry /%endorph ins  in the development  of acupuncture 
analges ia  [6]. P i tu i t a ry  fac to rs ,  it is emphaized,  pa r t i c ipa te  in the mechan i sm of s t r e s s  analgesia  [14, 17]. In 
hypophysectomized (HE) r a t s  s t r e s s  analges ia  induced by e l ec t r i ca l  s t imulat ion of the tail  [18] or  e lec t roshock  
[14] has  been shown to be reduced,  but a f te r  e l e c t r o d e r m a l  s t imulat ion no such changes were  obse rved  [11]. 

During recen t  y e a r s  the w r i t e r s  have studied the effect  of psychotropic  drugs  on act ivi ty  on bra in  sys -  
t ems ,  using neurophysiological  and neurochemica l  methods  for  this  purpose  [3, 4]. The poss ib i l i ty  of using 
these  psychot ropic  drugs  to potentiate,  f i r s t ,  the action of narcot ic  ana lges ics  and, second, s ta tes  of the body, 
in an ima l s  and man,  in which what is cal led s t r e s s - i n d u c e d  analges ia  develops,  also has  been invest igated.  
Elucidation of the predominant ly  suprahypophyseal  o r  hypophyseal  level  of application of psychotropic  drugs  
is of g r ea t  p rac t i ca l  impor tance ,  e spec ia l ly  in pa t ien ts  with diencephalic  pathology. Tr icyc l ic  an t idepressan ts ,  
which hi ther to  have been used t radi t ional ly  only in p sych ia t r i c  p rac t i ce ,  are  pa r t i cu la r i ly  in te res t ing  in this 
connection. R e p o r t s  have recen t ly  been  publ ished of the i r  successfu l  use in p r o t r a c t e d  pain s y n d r o m e s  [12] 
and also in the t r e a t m e n t  of i s chemic  hea r t  d i sease  [2]. The w r i t e r s  have shown [4] that im ip ramine  (mel i -  
p ramine) ,  a t r i cyc l i c  an t idepressant ,  potent ia tes  p o s t s t r e s s  autoanalges ia  considerably .  

The a im of this  invest igat ion was to study the influence of the suprahypophyseat  level  of applicat ion of 
: psychot ropic  drugs  on the durat ion and intensi ty of analges ia  induced by ana lges ics  and painful s t r e s s .  To an- 
alyze the m e c h a n i s m s  of a phenomenon such as  hypera lges ia ,  the effect  of droper idot ,  which induces this  s tate 
[7], and of ami t r ip ty l ine  on th resho lds  of the pain r e sponse  in intact and HE an imals  also was investigated.  

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

Ana lges imet r i c  t e s t s  were  conducted on noninbred female  albino r a t s  weighing 130-180 g by the ta i l - f l ick  
method [13]. The a n i m a l s ' s  tail was  i m m e r s e d  to a depth of 5 cm in wa te r  heated to a t e m p e r a t u r e  of 55~0.5~ 
When the latent  per iod of the r e sponse  to pain was es t imated ,  the t ime  obtained in r a t s  in the initial state,  be-  
fore  adminis t ra t ion  of the drugs  o r  exposure  to s t r e s s ,  was  taken as 100%. In some expe r imen t s  the prolonged 
vocal izat ion response ,  cor responding  to level  3 of pain integrat ion in the CNS [1, 18], was es t imated .  The dur -  
ation of this r e sponse  was  e s t ima ted  to be not l e s s  than 4-5 sec. To rule  out the effect  of immobi l iza t ion  
s t r e s s  on th resho lds  of nociception the r a t s  were  adapted to the conditions of keeping in s tandard cages  in 
which the e x p e r i m e n t s  were  c a r r i e d  out [10]. The effect  of hunger  [15] also was  excluded for  the s ame  pur -  

p o s e .  Painful s t r e s s  was induced by application of "c rocodi le"  fo rceps  to the an ima l ' s  r ight  fo re l imb for  

30 min. 

The p i tu i ta ry  was r emoved  f rom sexual ly  ma tu r e  r a t s  by the t r a n s a u r l c u l a r  method [8]. Pos topera t ive  
ca re  followed the usual ru les ,  but no ant ibiot ics  were  given. The quality of the opera t ion was subsequently 
ver i f ied  a f te r  decapi tat ion by d i rec t  examinat ion of the region of the sel la  turc ica .  The animals  were  used in 
the e x p e r i m e n t s  on the 3rd day a f te r  the operat ion.  

There  were  five s e r i e s  of exper iments .  Thresho lds  of the pain response  were  de termined:  in s e r i e s  I) 
in HE r a t s  f rom the 1st through the 6th days  a f te r  the operat ion,  in s e r i e s  II) in HE r a t s  during painful s t r e s s  
las t ing 30 min and a f t e r  s t r e s s ,  in s e r i e s  IlI) in HE r a t s  rece iv ing  fentanyl (25/~g/kg, in t raper i tonal ly)  a f t e r  
painful s t r e s s  for  30 min, in s e r i e s  IV) in HE r a t s  rece iv ing  fentanyl in the same dose s imul taneous ly  with 
imip ramine  (5 mg/kg ,  in t raper i tonea! ly)  a f t e r  painful s t r e s s  for  30 min, and in s e r i e s  u inHe  r a t s  r ece iv ing  
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Fig. 1. Thresholds of pain response [n HE rats.  
Abscissa,  t ime (in days); ordinate, pain th resh-  
old (in ~). 100% Corresponds  to 4.7 seco A)MOR 
(n = 4); B) HE ra t s  (n = 5). * P <  0.05, **P<0.01 
compared with MOR. 
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Fig. 2. Thresholds of nociceptive response in 
r a t s  during painful s t r e s s  and pos t s t r e s s  period. 
Abscissa,  t ime (in rain); ordinate,  pain th resh-  
olds (in ~). 100% cor responds  to 5.0 sec. A) MOR 
(n= 5 ) ; B ) H E  r a t s ( n =  5). * P < 0 . 0 5 ,  **P< 0.01, 
***P < 0.001 compared with A. Arrow indicates 
painful s t ress .  

droperidol  (1 mg/kg,  intraperitoneally) or  amitr iptyl ine (5 mg/kg,  intraperitoneally).  The control  to each se- 
r ies  of exper iments  consis ted of ra t s  undergoing a mock operation (MOR). The animals were used only once 
in the exper iments  with painful s t ress .  

E X P E R I M E N T A L  R E S U L T S  

InHE ra t s  thresholds  of the pain response were lowered on the 1st day after the operat ion to 82.9~6.2%. 
The vocalization threshold changed f rom 97.9~5.5 to 53.2i15.5% compared with 100.0~9.6 and 97.4=~4.0% in 
MOR. The ra t s  were inert, did not rush to obtain food, and when the tall was dried af ter  the tai l -f l ick test, 
they gave a prolonged squeak. On the 2nd day thresholds were reduced to 72.3~7.7%, the ra t s  remained apath- 
etic, but the squeak response  to drying of the tail was reduced. On the 3rd day the pain threshold was lowered 
to 70.2~: 6.0% and the vocalization response to 57.4 �9 12.6% compared  with 108.5 ~= 7.4% in MOR. Low thresholds of 
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TABLE 2. Effect of Hypophysectomy on Thresholds  of Nocieeptive Response in Rats Receiving 
Amitriptyline and Droperidol (M=~m) 

Experimental conditions 

Isotonic sodium chloride 
solution, intact rats 
f21) 

Amitriptyline 
MOR (6) 
HE rats (4) 

DroperidoI 
MOR (8).. 
HE rats (3) 

Background 

I00~9,8 

100+-10,2 
100+-4,5 

100+_5,8 
100+-13,7 

lO 

107,5+__8,8 

75,0+-7,3 
67,5+-12,0 

77,8+-8,2 
76,7+-9,7 

20 

102,5+_6,0 

65,0___4,8"* 
40,0_5,3" 

64,4+--6,2 
56,7___2,3 

Time, rain 

30 40 

112,5• 102,5+-6,0 

57,5+___2,5 70,0::i: 10,8 
45,0+-5,5 47,5• 

68,9~6,4 75,6--6,7* 
50,0__+II,7 56,0+-6,0 

60 

92.5+--8,5 

75.0• 
5O.O+-3,3 

68,9+-5,6 
66,7• 

90 

92,5• 

105,0+_13,5" 
, 57,5+_4,8 

82,2+-6,7 
86,7• 

the pain response  and vocalization response  were recorded  on the 4th-6th day of observat ion aiso, when they 
fluctuated from 72.3 to 59.6% (Fig. 1). 

InHE r a t s  taken on the 3rd day after  the operation no r ise  in the level of pain thresholds  was recorded  
during pain s t r e ss  for  30 min, as in MOR. A hyperalgesic  phase was observed at the 20th min, when the pain 
threshold was 50.0 :~ 9.4%, compared with 181.8 �9 12.4% in MOR. The maximal r ise  was observed in MOR at 
the 10th min of painful stimulation, namely to 184.8 -*18.2%. In the pos t s t r e s s  period autoanalgesia was absent 
in the HE rats ,  the level of the pain thresholds  remained low, varying between 60 and 70%, but in M O R a  mod- 
erate  degree of s t r e s s  analgesia was observed,  on average 122.5-127.5%, and this lasted more  than 30 rain 
(Fig. 2). 

In HE ra t s  receiving fentanyl after  painful s t r e ss  for  30 min potentiation of analgesia was not observed, 
as in MOR. Thresholds  of the nociceptive response were vir tually equal to those observed when the same 
dose of the analgesic was given to intact rats ,  not exposed to painful stimulation. Simultaneous injection of 
imipramine and fentanyI into HE ra t s  after  nociceptive stimulation caused marked potentiation of the analgesic 
effect at the 15th rain, but the effect was less  than in MOR. The duration of the analgesic action of this mix-  
ture also was shorted in HE ra ts  (Table 1). 

Droperidol and amitriptyline,  in the doses mentioned above, induced hyperalgesia  in MOR, and this r e -  
sponse was intensified a little in the HE rats.  The difference in the hyperalgesic  effect of droperidol  was less  
marked (Table 2). 

Hypophysectomy thus faci l i tates the development of hyperalgesia  in rats .  Painful s t r e ss  causes  eleva- 
tion of pain thresholds  both during s t r e s s  itself and in the pos t s t r e s s  period, in agreement  with clinical data 
obtained in patients with acute myocardia l  infarction [9]. Elevation of the pain thresholds  in the s t r e s s  period 
was not observed in HE ra t s  and pos t s t r e s s  autoanalgesia did not develop. Absence of the potentiating effect 
of painful s t r e s s  on the analgesic effect of fentanyl in HE animals must  be noted. The t r icycl ic  ant idepressant  
[mipramine facilitated potentiation of the analgesic action of fentanyl when injected after  nociceptive st imula- 
tion, even in HE rats ,  although this effect was ra ther  weaker  than in MOR. 

The use of the traditional neuroleptanalgesic drug droperidol  considerably  weakened s t ress - induced  an- 
algesia and the analgesic effect of fentanyI in the pos t s t r e s s  period [7]. The use of imipramine thus provides  
an opportunity for  reducing the dose of narcotic  analgesics  in patients with a pain syndrome, as was confirmed 
by abolition of a res is tant  pain syndrome in acute myocardia l  infarction [5]. When dopamine r ecep to r s  are  
blocked by droperidol ,  dopamine, which is a hypothalamic regulator  of re lease  of hormones  f rom the pi tui tary 
gland and also, evidently, of pi tui tary endorphins [16], cannot promote  their  re lease.  As a result ,  it can be 
tentatively suggested that the balance between endogenous analgesia and hyperaigesia  is disturbed, in favor  
of the latter.  However, the presen t  exper iments  showed that droperidol  not only induces hypera lges ia  in HE 
rats,  but the hypera lges ia  is even stronger.  This phenomenon is evidently made up of at least  two compo-  
nents: hypophyseal and, to a g rea t e r  degree,  suprahypophyseal  mechanisms.  As r ega rds  hypera lges ia  in- 
duced by amitriptyline,  this fact  requi res  fur ther  analysis  and it emphas izes  one again the neurochemical  
polymorphism of this phenomenon. 

The following conclusions can be drawn from these experiments .  F i rs t ,  hyperalgesia  and s t ress - induced  
autoanalgesia are  manifestat ions of sys temic  integrative activity of the whole brain, of its mos t  complex in- 
t racen t ra l  neurochemical  and neurophysiological  p rocesses .  Second, in some types of pathology (diencephalic 
syndromes) ,  with changes in the s t ructura l  and functional integri ty of the pi tui tary gland, the use of amitr iptyl ine 

1073 



or  imipramine to potentiate the analgesic action of narcot ic  analgesics  will evidently components  for  d is turb-  
ances  of sys temic  regulation ar is ing during the development of pain or  of anesthesia.  Third, the operat ion of 
hypophysectomy, and also adminis t ra t ion of the t r i cyc l ic  ant idepressant  amitr iptyl ine or  the neuroleptic drop-  
eridol ,  which are  r ep re sen ta t ives  of different  chemical  and pharmacological  groups, cause hyperalgesia ,  proof  
of the aeurochemica l  and morphological  potymorphism of this phenomenon and of its predominant ly  supra-  
hypophyseal etiology. 
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I S O L A T I O N  F R O M  B O V I N E  B R A I N  O F  S U B S T A N C E S  I N H I B I T I N G  

S P E C I F I C  B I N D I N G  O F  I M I P R A M I N E  AND S E R O T O N I N  U P T A K E  
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The d i scovery  of specific binding si tes  for  var ious  psychotropic  drugs, including benzodiazepines,  neu- 
rolept ics ,  and t r i cyc l l c  ant idepressants ,  in mammal ian  brain t i ssue has  ra i sed  the question of the possible 
exis tence  of endogenous ligands for  these binding sites. Research  in this field has been conducted ve ry  in- 
tens ive ly  [3, 4, 6, 8], due in pa r t i cu la r  to the ro le  which the i r  detection could play in the task of synthesizing 
new drugs and in the development  of our  ideas on brain function under normal and pathological conditions. 

The investigation desc r ibed  below is one step in the sea rch  for  endogenous ligands of the " imipramine  
r ecep to r "  in brain t issue.  Since the endogenous Iigand in te rac ts  in vivo with the same binding si tes  as the 
drug, and since one of the important  p rope r t i e s  of imipramine,  on which its pharmacological  action is based, 
is i ts ability to inhibit serotonin reuptake by nerve  endings, in the p resen t  investigation an at tempt was made 
to isolate  substances  f rom bovine bra in  t issue capable  of inhibiting specific binding of 3H-imipramine and re -  
uptake of 3H-serotonin simultaneously.  

Labora to ry  of Biochemis t ry ,  All-Union Mental Health Resea rch  Center ,  Moscow. (Presented  by Aca- 
demician of the Academy of Medical Sciences of the USSR A. V. Snezhnevskii.) Transla ted by ByuHeten'  
t~ksperimental 'noi  Biologii i Medits[ny, Vol. 100, No. 8, pp. 197-199, August, 1985. Original a r t ic le  submitted 
June 15, 1984. 
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