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Despite  the use  of acupuncture throughout  the ages ,  the neurophysiological  m e c h a n i s m s  of its analgesic  
ef fec t  a re  st i l l  l a rge ly  unknown. Ai t e r  the d i scovery  of analgesic  effects  of s t imulat ion of the periaqueductual  
region of the midbra in  [10] i t  was sugges ted  that  acupuncture anes thes ia  is  effected through opiate m e c h a n i s m s  
of the "cent ra l  g r a y  m a t t e r - n u c l e i  raphe  w sys t em [6, 8]. Meanwhile, another  analges ic  m e c h a n i s m  connected 
with the functions of the dorsomedia l  hypothalamus has been d i scovered  [1]. E lec t r i ca l  s t imulat ion of this 
r eg ion  in an imals  induces a s ta te  of analges ia ,  detectable  by behaviora l  t e s t s  [1, 11]. This state is accompanied  
in rabbi t s  by d i sappearance  of evoked potentials  in r e sponse  to e l e c t r o d e r m a l  s t imulat ion in the cen t rum m e d i -  
anLma of the tha lamus  [1], which is cons idered  to be the main  in te rmedia te  s t ruc tu re  for  nonspecific nocicept ive 
sensat ion [4]. S imi la r  changes in behavior  [8] and evoked potentials  in the cen t rum medianum of the tha lamus  
a re  also o b s e r v e d  during e lec t r i ca l  s t imulat ion of the nucleus magnus  raphe [1]. 

E lec t roacupunc tu re  s t imulat ion in rabbi t s  also induces a s tate  of ana lges ia  detectable  by behaviora l  
t e s t s  [3, 5] and by cor responding  changes in E E G  p a r a m e t e r s  [2, 3] and evoked potentials  [2]. 

The invest igat ion desc r ibed  below was accordingly undertaken to study the effect  of des t ruc t ion  of the 
nucleus magnus  raphe  - the key s t ruc tu re  in the analgesic  sys t em of the bra in  s t em [7] - and of the dorsomedia l  
hypothalamus on the analges ic  effect  of  e lec t roacupuncture  in rabbi ts .  

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

Ten expe r imen t s  were  c a r r i e d  out on ten waking rabbi t s  in which changes in evoked potent ials  a r i s ing  
in the cen t rum medianum of the tha lamus  to e lec t ro  de rma l  s t imul i  were  invest igated during e lec t roacupuncture  
s t imulat ion of T s u - s a n Q i  points [3] before  and a f t e r  e lec t ro ly t ic  des t ruct ion of the dorsomedia l  hypothalamic 
nuclei  and the nucleus magnus  raphe.  

E l e c t r o d e r m a l  s t imul i ,  consis t ing of single square  pulses  1 m s e c  in durat ion and with a s t rength of 3-9 
mA,  were  applied to the l a t e ra l  su r face  of the lower  th i rd  of the leg f rom an ]~ST-14 e l ec t ro s t imu la to r ,  e i the r  
alone or  in the in terva l  between vol leys  of  pulses  of e lec t roacupuncture  s t imulat ion.  E lec t roacupuncture  s t imu -  
lat ion was c a r r i e d  out with b ipolar  square  pulses ,  applied in s e r i e s  of 6 pulses  with a durat ion of 500 ~sec ,  
f requency  of  3 Hz,  and a s t rength  of 400 t~A. Evoked potent ia ls  in the cen t rum medianum of the tha lamus  in 
r e s p o n s e  to e l e c t r o d e r m a l  s t imula t ion  were  der ived  by a monopola r  technique,  led through a type UFU-BK 
ampl i f i e r  (Exper imenta l  Ins t rumenta l  Workshop,  All-Union Inst i tute  of Exper imen ta l  Medicine),  and r e c o r d e d  
with tenfold averaging  on an NTA-1024 ampl i tude-phase  ana lyze r  (Orion). The dorsomedia l  hypothalamic 
nuclei  and nucleus magnus  raphe  were  des t royed  by pas sage  of an anodal d i rec t  cu r r en t  of 400 ~A for  30-40 
sec ,  followed by histological  ver i f ica t ion [12]. 

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

A s a f i r s t  step,  the th resho ld  s t rength of e l e c t r o d e r m a l  s t imulat ion to induce a behaviora l  r e spo n se  of 
fl ight was de te rmined  in all rabb i t s  under  un re s t r a ined  conditions, and the value obtained var ied  in different  
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Fig.  1. Ef fec t  of suppress ion  of  evoked potential  of 
cen t rum medianum of tha lamus  during e l ee t roacu -  
puncture and d i sappearance  of this effect  a f t e r  
des t ruct ion of dorsomedia l  hypothalamic nuclei.  
1) Evoked potential of cen t rum medianum of tha la -  
mus  in r e sponse  to e l e c t r o d e r m a l  st imulat ion;  2) 
the s a m e  10 rain a f te r  beginning of e lec t roacupunc-  
tu re  st imulation;  3) 20 rain a f t e r  i ts  beginning; 4) 
r e c o v e r y  of  evoked potential  of cen t rum medianttm 
of tha lamus  during continued e lec t roacupuncture  
s t imulat ion,  5 rain a f t e r  b i l a te ra l  des t ruc t ion  of 
dorsomedia l  hypothalamic nuclei; 5) the same ,  10 
rain af ter ,  and 6) 15 rain a f t e r  des t ruct ion (region 
of des t ruct ion is shaded). 

an imals  f rom 2 to 9 mA.  In the r e s t r a i n e d  animals ,  when above- th resho ld  e l e c t r o d e r m a l  s t imul i  were  applied, 
evoked potent ials  were  r eco rded  in the cen t rum medianum of the tha lamus  with a la tent  per iod of the p r i m a r y  
posi t ive  wave of 19-21 m s e c  and with an ampli tude of 15-20 #V, followed by a negat ive wave with a la tent  
per iod  of 42-46 m s e c  and an ampli tude o f  20-30 ~V, followed in turn by a second posi t ive  wave with a la tent  
per iod  of 70-75 m s e c  and an ampli tude of about 70 ~V (Fig. 1). 

E lec t roacup tmcture  s t imulat ion led in the course  of 15-20 rain to a g radua l  dec rea se  in ampli tude of 
the components  of  the evoked potential  (EP) of the cen t rum medianum of the  tha lamus  (CMT) in r e sponse  to 
e l ec t rode rma l  s t imulat ion,  amounting in some cases  to the i r  v i r tual ly  comple te  d i sappearance  (Fig. 1). This  
indi rect ly  indicates  the development  of  a s tate  of ana lges ia  in the animal ,  for  the cor responding  d i sappearance  
of E P  of CMT obse rved  in an imals  during e lec t r i ca l  s t imulat ion of the dorsomedia l  hypothalamus was a c c o m -  
panied by inhibition of the defensive behaviora l  r e s p o n s e  to noxious t e m p e r a t u r e  s t imulat ion [1]. F u r t h e r m o r e ,  
as  expe r imen t s  [2] showed, it is toward  the 20th minute  of e lectoacupuncture  s t imulat ion in rabbi t s  that  d i s -  
appearance  of the second posi t ive  wave of E P, of the EE G desynchronizat ion reac t ion  in the s ensomoto r  cor tex ,  
and the autonomic r e s pons e  of quickening of the hea r t  r a t e  to e l e c t r o d e r m a l  s t imulat ion is observed;  this 
m a y  also be evidence of the development  of a s ta te  of  ana lges ia  toward this  per iod of the action of e l e c t r o a c n -  
puncture  [2, 3]. 

On discontinuation of the e lec t roacupunc ture ,  gradual  r e c o v e r y  of  the initial values  of  the components  of  
E P  of CMT in r e sponse  to e l e c t r o d e r m a l  s t imulat ion also was obse rved  within 15-20 rain. 

In five exper iments ,  a f t e r  it had f i r s t  been es tab l i shed  that  E P  of CMT in r e sponse  to e lec t , rodermal  
s t imulat ion d i sappea red  as  a r e s u l t  of  the action of e lec t roacupuncture  s t imulat ion,  the dorsomedia l  hypothala-  
mic  nuclei (DHN) were  des t royed.  E P  of CMT in r e sponse  to e l e c t rode rma l  s t imulat ion were  r e s t o r e d  a f te r  
3-5 rain,  despite  continuing e lec t roacupunc ture  s t imulat ion (Fig. ld) .  The ampli tude of the second posi t ive  
wave of E P  was inc reased ,  m o r e o v e r ,  on ave rage  by 1.5 t i m e s  (Fig. 1). In two expe r imen t s  of th ts  se r i e s ,  the 
m e r e  inse r t ion  of the e lec t rode  into DHN was sufficient to cause  r e c o v e r y  of E P  in CMT in r e sponse  to e l e c t r o -  
de rma l  s t imulat ion during continuing e l ec t roacupunc~ve  s t imulat ion,  although e lec t r i ca l  s t imulat ion of DHN 
through these  e l ec t rodes  caused  t h e i r  rapid  suppress ion  in CMT. 

In five exper iments ,  against  the background of depress ion  of EP of CMT in r e sponse  to e l e c t r o d e r m a l  
s t imulat ion by e lec t roacupuncture  s t imulat ion,  the nucleus magnus  raphe  (NMR) was des t royed  beforehand 

716 



Rplz.5 ~ - - " - ~ . Y ' - ' ~  

sa msec 
Fig.  2. Effect  of  succes s ive  des t ruc t ion  of  nu-  
c leus  magnus  raphe  and uni la tera l  and b i la tera l  
des t ruc t ion  of DHN on suppres s ion  of E P  of C2r 
during e lee t roacupuncture  s t imulat ion.  F i r s t  
t h ree  E P: potential  before  e l e c t r o a c u p u n c ~ r e  
s ~ u l a t i o n  and 10 and 20 rain a f te r  its beginning, 
r e spec t ive ly .  A r r o w s  indicate E P i m m e d i a t e l y  
a f t e r  des t ruc t ion  of the pa r t i cu l a r  s t r u c t u r e  and 
5, 10, and 15 rain r e spec t i ve ly  the rea f t e r ,  during 
continued e lec t roacupuncture  s t imulat ion (region 
of des t ruc t ion  is  shaded).  

(Fig. 2). A s t hese  expe r imen t s  showed, this  des t ruc t ion ,  if e lec t roacupuncture  s t imulat ion was continued, did 
not lead  to r e c o v e r y  of E P  of CMT in r e s ponse  to e l e c t r o d e r m a l  s t imulat ion (Fig. 2). Consequently,  the 
analges ic  effect  of  e lec t roacupunc ture  was p r e s e r v e d  a f t e r  des t ruc t ion  of NMR. Subsequent uni la tera l  d e s t r u c -  
t ion of DHN led to b r i e f  (for 3-5 rain) appearance  of E P  of CMT in r e sponse  to e l e e t r o d e r m a l  s t imulat ion,  
but the EP  d i sappeared  again l a t e r  (Fig. 2). Subsequent des t ruc t ion  of DHN on the o ther  side led to the s table  
appea rance  of  E P of  C MT in r e s pons e  to e l e c t r o d e r m a l  s t imulat ion,  despi te  continuing e lec t roacupunc ture  
s t imulat ion.  The duration of the second posi t ive  wave of E P also i n c r e a s e d  somewhat  in th is  case  (Fig. 2). 

The expe r imen ta l  r e s u l t s  thus showed that  des t ruc t ion  of the dorsomedia l  hypothalamus,  unlike d e s t r u c -  
t ion of NMR, caus e s  d i sappea rance  of  the e f fec t  of  suppres s ion  of  E P in CMT in r e s p o n s e  to e l e c t r o d e r m a l  
s t imulat ion,  o b s e r v e d  during e lec t roacupunc ture  s t imulat ion,  i .e. ,  i t  causes  d i sappearance  of the analgesic  
act ion of  e lec t roacupunc ture .  This ,  in turn ,  sugges ts  that  e lec t roacupuncture  analges ia  is evidently media ted  
through m e c h a n i s m s  connected with the functions of the dorsomedia l  hypothalamus.  

I t  has been c la imed  that  the analgesic  action of acupuncture  m a y  be connected with act ivat ion of the 
p i tu i ta ry  gland [9], which p roduces  endorphins,  and, consequently,  on the bas i s  of  the r e su l t s  of  the p r e sen t  
expe r imen t s ,  a role  of hypotha lamic-hypophysea l  connections can be postula ted in the m e c h a n i s m  of acupuncture  
analges ia .  However ,  exci ta t ion of the dorsomedia l  hypothalamus,  which evidently a r i s e s  during e l e c t r o a c u -  
puncture  s t imulat ion,  m a y  be cons ide red  to have an independent inhibi tory ef fec t  also on the conduction of 
nocicept ive  sensa t ion  through the i n t r a l a m i n a r  nuclei of  the tha lamus ,  for  e l ec t r i ca l  s t imulat ion of this f o r m a -  
t ion leads  a f t e r  only 4 rain to inhibition of the behaviora l  defensive r e sponse  to noxious t e m p e r a t u r e  s t imulat ion,  
and a f t e r  30-40 sec,  to d i sappearance  of E P  of C1VIT in r e s p o n s e  to e l e c t r o d e r m a l  s t imulat ion [1]. As the 
p r e s e n t  expe r imen t s  show, des t ruc t ion  of DHN causes  r e c o v e r y  of E P  of C1VIT in r e sponse  to an e l e c t r o d e r m a l  
s t imulus  a lmos t  immedia t e ly  a f t e r  des t ruc t ion .  I f  the effect  of  e lec t roacupuncture  was connected ent i re ly  with 
l ibera t ion  of p i tu i ta ry  endorphin,  the t e rmina t ion  of the effect  could not be so rap id .  
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Much factual evidence has now been obtained on age changes in thyroid function and their  role in the 
mechanism of aging [2, 3, 5]. However, the biophysical properties of the me~nbranes of secre tory  ceils of the 
thyroid gland, which play an important role in the maintenance of cell metabolism, t ransmembrane t ransport  
of materials ,  and regulation of protein biosynthesis and the cell energy balance, have been inadequately studied 
[1, 4, 6-81. 

The object of this investigation was to study correlation between changes in the membrane potential 
(NIP) of the follicular epithelial cells of the thyroid gland and secretion of thyroid hormones under the influence 
of thyrotrophic hormone (TTH) during aging. 

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

Experiments were car r ied  out on isolated thyroid glands of male Wistar rats  of two age groups: adult 
(7-12 months) and old (27-32 months). The value of MP of the follicular epithelial ceils, the total thyroxine 
(T4) level in the blood, and the concentration of cyclic AMP in the thyroid gland tissue were determined. Iso- 
lated thyroid glands were perfused with Krebs-Hense le i t  solution (t= 37~ pH 7.3-7.4), aerated with a mixture 
of 95% 0 2 and 5% CO 2. MP was recorded by a standard microelectrode technique. Glass microelectrodes 
filled with 2.5M KC1 solution, with a resis tance of 15-30 M~2 and a character is t ic  tip potential of not more  
than - 5  mV were used. Total T 4 in the blood was determined by means of "Thyropac-4" radioisotope kits 
(Radiochemical Centre, Amersham, England). Cyclic AMP in the thyroid gland tissue was determined by 
means of radioirnmunologic kits supplied by the same firm. Thyroid gland function was activated by intravenous 
injection of TTH in doses of 5 o r  0.5 units/100 g body weight. MP of the follicular cells of the thyroid gland 
and the total T 4 concentration in the blood were investigated 1, 2, and 3 h, and the cyclic AMP concentration in 
the thyroid gland tissue 10 rain, after injection of TTH~ 
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