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HARANATH, P. S. R. K., G. INDIRA AND A. KRISHNAMURTHY Effects ofcholinomimetic drugs and their antagonists 
infected into vertebral artery of  unanaesthetized dogs. PHARMAC. BIOCHEM. BEHAV. 6(3) 259-263,  1977. - In 
unanaesthetized dogs, cholinomimetic drugs and their antagonists, catecholamines and 5HT were injected into vertebral 
artery placed in a skin loop. Acetylcholine (1 rag), pilocarpine (1 -2  rag), nicotine (250-500/~g).  eserine (100 gg) and 
neostigmine (250/xg) produced sleep apart from a few other peripheral effects. Sleep for longer periods followed injections 
of tubocurarine (1 rag), atropine (50 ~zg) and hexamethonium (500 gg). Adrenaline (50 gg) and noradrenaline 
(50-250  ~zg) did not produce significant effects oll behaviour ahd sleep. 5HT (250-500 ~zg) also caused sleep. 
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H A R A N A T H ,  Sunanda-Ba i  and V e n k a t a k r i s h n a - B h a t t  [8] 0.9% were in jec ted  in a vo lume of  0.5 m! in to  the  ver tebra l  
descr ibed the  effects  of  i n t r aca ro t id  in jec t ions  or in fus ions  ar tery  wi th  due asept ic  precaut ions .  
of c h o l i n o m i m e t i c  drugs and the i r  an tagon i s t s  in consc ious  The observa t ions  were done  at d i f fe ren t  parts  of  the  day 
dogs. They  observed t ha t  sleep was a p r o m i n e n t  ef fec t  and in d i f fe rent  places, at  d i f fe ren t  noise levels to exclude  
fo l lowing the  in t r aca ro t id  in jec t ions  of  b o t h  groups  of  cond i t i on ing  of  the  responses.  The s tate  was recorded  as a 
drugs. In the  present  s tudy  the  above  groups  of  drugs were sleep period,  if the  an imal  was in a sleeping pos ture ,  closed 
in jec ted  in to  the  ve r tebra l  a r te ry  of  consc ious  dogs and the  its eyes for more  t han  3 rain wi th  slow and deep respi ra t ion  
effects  are descr ibed,  and a slow wave EEG pa t t e rn  when  recorded.  Af ter  

es tabl i sh ing an effect ive dose, LEG was recorded  in 
METHOD subsequen t  exper imen t s .  During sleep when  twi tch ings  

occur red  of  the  vibrissae, muscles  of  the  eye, muzzle  and 
Ver t eb ra l  ar ter ia l  loops  were p repared  in adul t  mongre l  

paws accompan ied  by desynch ron i sed  LEG it is deemed  
dogs (1 2 - 1 4  kg) u n d e r  asept ic  cond i t i ons  accord ing  to the  REM sleep. 
m e t h o d  descr ibed by Himwich,  Costa,  C a n h a m  and Gold-  
stein [ 1 2 ] .  Briefly the  p rocedu re  was as follows. The Genera l ly  there  was an interval  of  more  than  2 days 

be tween  drug inject ions .  The drug in jec t ions  were carried 
c o m m o n  carot id  a r te ry  was severed close to its b i fu rca t i on  

out  over several m o n t h s  in the  same dog. Each drug at 
and its cardiac cut  end was a n a s t o m o s e d  wi th  the  ve r tebra l  

effect ive doses was s tudied twice in the  same dog af te r  
a r te ry  severed at its origin f rom the  subclavian ar tery ,  using interval  of  some weeks and in th ree  d i f fe ren t  dogs. 
6 /0  ar ter ial  silk sutures .  The p a t e n t  a n a s t o m o s e d  arterial  
loop was placed in a skin pedicle.  Af te r  1 m o n t h  when  the  
w o u n d  healed and the  o e d e m a  subsided,  drugs were Drugs 
in jec ted in to  the  ar ter ial  loop and t h e y  will reach  the  bra in  Ace ty lcho l ine  chlor ide  (E. Merck),  physos t igmine  sul- 
via the  ve r tebra l  ar tery .  Six such  dogs were used in the pha te  (T&H Smith) ,  neos t igmine  m e t h y l s u l p h a t e  (Hoff-  
p resent  s tudy .  The p a t e n c y  of  the  loop  was con f i rmed  m a n n  La Roche) ,  p i locarpine  n i t r a t e  (Boehr inger ,  Ingel- 
f inal ly by in jec t ing a dye and p o s t m o r t e m  e x a m i n a t i o n  of  he im) ,  n i co t ine  (BDH),  a t rop ine  su lphate  (E. Merck),  (+) 
the brain,  t u b o c u r a r i n e  chlor ide  (Koch-Light ,  England) ,  hexa-  

During the  obse rva t ions  the  dogs were general ly  unre-  m e t h o n i u m  ta r t a ra t e  (May & Baker),  adrenal ine  (E. Merck),  
s t rained.  Gen t l e  res t ra in t  was used when  record ing  electro-  no rad rena l ine  (F luka-Buchs )  and 5 - h y d r o x y t r y p t a m i n e  
encepha log ram (LEG).  To record  the  EEG, silver wires were c rea t in ine  su lphate  (E. Merck) were used in these studies.  
s t i t ched  to the  skin over  the  f ron to -par ie ta I  and occ ip i ta l  The doses refer  to the  salts. 
regions on  each side u n d e r  asept ic  cond i t i ons  and the  leads 
so fo rmed  were c o n n e c t e d  to a 16 channe l  Schwarzer  
e l ec t roencepha log raph .  A m i n u t e  to m i n u t e  record  of the RESULTS 
behav iou r  of  the  an imal  was ma in t a ined .  Af te r  con t ro l  Sleep was a p r o m i n e n t  effect  observed fo l lowing injec- 
obse rva t ion  for  1 hr  wi th  or w i t h o u t  saline in jec t ion  in to  t ions  of  c h o l i n o m i m e t i c  drugs and the i r  an tagonis t s  in to  
the  ver tebra l  a r te ry ,  drug so lu t ions  made  in sod ium chlor ide  ver tebra l  ar tery.  The sleep observed was na tura l  and the 
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animals  could be readily awakened .  The sleep lasted for e ~  
c o n t i n u o u s  per iods  of  5 15 rain. S o m e t i m e s  the  animals  l i e  ~-- 
slept for  near ly  20 - -40  min open ing  the i r  eyes for a few 4' 
seconds  at 5 10 min  intervals.  Towards  the  end of  the  
sleep periods,  the  an imals  showed  m o v e m e n t s  of  the  
vibrissae,  eyelids,  eye balls and  muscles  of  the  muzzle  and ~ o 
the  paws which  co r r e spond  to Rapid Eye M o v e m e n t  (REM)  
sleep. The  resul ts  in detai l  are as follows. 

Control observations. The animals  were observed  for a 
per iod of  1 hr  before  the  drug in jec t ions  and a m i n u t e  to  n 
m i n u t e  record  of  the  behav iou r  of  the  dog was noted .  No 
e x p e r i m e n t s  were done  if the  an imal  was drowsy.  The d+ 
observa t ions  were made  at d i f fe ren t  t imes  of  the day and at 1, ! | ! | 
d i f fe rent  places to  exc lude  the  poss ibi l i ty  of cond i t i oned  O I h 2 h 
reflexes.  In jec t ions  of  0.5 ml sod ium chlor ide  0.9% did not  

p roduce  any  behav ioura l  changes.  The clogs were active and FIG. 1. Sleep periods indicated by horizontal black bars in 3 
exp lored  the  su r round ings  as usual, experiments. At the arrow acetylcholine 1 mg was injected into the 

vertebral artery. Black dots over the bars indicate periods of 
Cholinomimetic drugs movement of eye, paws and muzzle during sleep. 

Acetylcholine. When ace ty l cho l ine  1000 ug was in jected 
in to  the  ve r tebra l  a r te ry  in th ree  dogs, the  dog i mmed ia t e ly  eye m o v e m e n t s  were present  dur ing  sleep and shows fast 
gave a loud cry and in the  nex t  few m i n u t e s  had sal ivat ion,  waves. Ace ty l cho l ine  250 ug p roduced  only  sal ivat ion and 
de feca t ion  or u r ina t ion .  The dog wen t  to sleep s o m e t i m e s  de feca t ion  but  no  sleep. 
immed ia t e ly  and at o the r s  a b o u t  30 min  later.  Figure 1 Anticholinesterases. With eserine 100 ug injected in to  
shows the  sleep per iods  fo l lowing in jec t ion  of  ace ty l cho l ine  the ver tebra l  a r te ry  the dog showed immedia t e  circling 
1000 ug in th ree  such expe r imen t s .  Eye m o v e m e n t s  were m o v e m e n t s  wi th  its head tu rned  towards  the side of the 
present  in the  sleep per iods  at places n o t e d  wi th  a black do t  in ject ion,  which lasted for a b o u t  5 rain. Later the dog 
on top  of  each block.  Even doses of  400  ,+g ace ty lcho l ine  appeared  to be having in tense  i tching as it s ta r ted  scra tching 
p roduced  similar  effects  bu t  less p r o m i n e n t .  Figure 2 s h o w s  all over  the  body  and rolled over the g round  [or relief 
the EEG from one such e x p e r i m e n t  a f te r  in jec t ion  of which lasted for 10 15 rain. Pant ing  and salivation were 
ace ty lcho l ine  4 0 0 u g i n t o  the  ve r tebra l  ar tery .  In Fig. 2 A i s  observed.  The gait was uns t eady  for a b o u t  25 min.  Sleep 
given the  EEG 15 min  a f te r  in jec t ion  of  ace ty lcho l ine  which  occur red  a b o u t  1/2 hr a f te r  the in jec t ion lasted for 
showing  fast waves of  low voltage,  in B 35 min  af te r  the 1 0  15 rain and was observed more  wi th  closes of 1 0 0 u g  
in jec t ion  wi th  the  an imal  asleep showing  high voltage slow eserine than  wi th  500  ug. 
waves. Figure 2C is t aken  40 min af te r  the  in jec t ion  when  Neost igmine  250 ug caused twi tch ing  of  muscles,  urina- 
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FIG. 2. Et:,G from an unanaesthetized dog. A was taken with dog awake 15 rain after injection of 
acetylcholine 400 ,ug into vertebral artery. B and C were taken with the dog asleep 35 and 40 rain after 

injection. In C the dog was showing movements of eye, paws and tnuzzle, 
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t ion  and emesis.  Sleep occur red  on ly  45 50 rain af te r  the  d is turbed .  During sleep there  were f r equen t  spells of eye 
in jec t ion  and lasted for  a b o u t  10 15 rain which  inc luded  m o v e m e n t .  Figure 3 shows EEG f rom one such expe r imen t .  
eye m o v e m e n t s .  It shows in A low voltage fast  waves wi th  the  an imal  awake 

Pilocarpine. When p i locarp ine  1000 ug was in jec ted  the taken  11 rain af te r  in jec t ion  of  t ubocu ra r ine  I rag. The  
animal  showed  some l icking m o v e m e n t s .  Sal ivat ion oc- an imal  was asleep in B and C t aken  30 and 40 rain af te r  the 
cur red  5 15 rain la ter  and sc ra tch ing  a f te r  30 rain. Sleep in jec t ion  showing  high voltage slow waves. In B there  is a 
for  shor t  per iod  was observed 30 min  af ter  the  in jec t ion ,  spike. During sleep when  eye m o v e m e n t s  were present  the 
But when  2 mg p i locarp ine  was in jec ted ,  sal ivat ion occur red  LEG general ly  showed  low voltage fast waves (paradoxica l  
wi th in  5 min  and sleep fo l lowed af te r  10 min  and  lasted for sleep). But  occas ionna l ly  ( for  example  see Fig. 4), the EEG 
near ly  4 0 - - 6 0  rain. Eye m o v e m e n t s  were present  in two ou t  re ta ined  slow wave na ture  even while the eye m o v e m e n t s  
of  three  observa t ions ,  were present .  Similar  obse rva t ion  was made  by Harana th  

Nicotine. When n ico t ine  500  ,zg was in jec ted  in to  the  and S h y a m a l a k u m a r i  [7] dur ing  sleep fol lowing in jec t ion  
ver tebra l  a r t e ry  the  dog i m m e d i a t e l y  let ou t  a loud cry in to  or per fus ion  of  cerebral  vent r ic les  wi th  t ubocu ra r ine .  
similar to t ha t  fo l lowing in jec t ion  of  ace ty lcho l ine .  During Spikes were f r equen t ly  seen in the LEG af ter  t u b o c u r a r i n e  
the next  10 rain the  dog lay d o w n  and showed sal ivat ion,  in jec t ion  in to  ver tebra l  ar tery .  
l ac r imat ion ,  d i la t ion  of  pupils ,  sc ra tch ing  and pant ing ,  and Hexarnethonium. After  500 ug h e x a m e t h o n i u m  in jec ted  
was later  able to  move.  Th i r ty  m i n u t e s  la ter  it slept for  in to  ver tebra l  ar tery  there  was no  immed ia t e  change in 
near ly  half  h o u r  wi th  gaps of  few seconds  once  or twice.  No behaviour .  But  the  dog became  drowsy  af te r  a b o u t  20 30 
eye m o v e m e n t s  were observed  wi th  this  dose. Nicot ine  250 rain and slept for  per iods  varying f rom 1 0 - 2 0  rain. During 
ug p roduced  similar  e f fec ts  bu t  less in in tens i ty .  But  1000 sleep eye m o v e m e n t s  were observed.  
ug doses of  n ico t ine  p roduced  effects  in a more  in tense  
form and for  longer du ra t i on  bu t  no  sleep. Nar rowing  of  Other Drugs 

palpebra l  fissure occur red  on the  side of  in jec t ion  for  near ly  Adrenaline. When 50 ug adrena l ine  was given in to  the  

20 min.  ve r tebra l  a r te ry  it did no t  p roduce  any  behav ioura l  ef fects  

Cholingergic Antagonists dur ing 1 hr  per iod of  observa t ion .  When similar in jec t ions  
were made  in to  the  carot id  ar tery ,  Ha rana th  ( u n p u b l i s h e d )  

Atropine. Atrop ine  50 ug when  in jec ted  did no t  p roduce  observed tha t  there  was no  change in behaviour ,  bu t  in tense  
any obvious  effects  up to a b o u t  1 5 - 2 0  min.  Later  the  an imal  spasm of  the l ingual b lood vessels on the side of  in jec t ion  
relaxed and  slept  for near ly  1 5 - 2 0  min.  Towards  the end occur red  as no t i ced  by the b lanch ing  of  ipsi lateral  half  of  
of  the  sleep per iods  eye m o v e m e n t s  were observed.  Similar the tongue.  
effects  were observed  wi th  a t rop ine  100 ug. Noradrenaline. Noradrena l ine  given in 50 250 ug doses 

Tuboeurarine. When 1 mg t u b o c u r a r i n e  was in jected in to  in to  ve r tebra l  a r te ry  p roduced  slight mydrias is  on b o t h  
ver tebra l  a r te ry  no  paresis of  l imbs was observed  and the  sides immed ia t e ly  af te r  in jec t ion .  Later  the an imal  was 
dog c o n t i n u e d  to be active for  a b o u t  10 15 rain. There-  restless for  some per iod roaming  a b o u t  the  room and la ter  
a f te r  it went  to sleep f rom which  it was no t  easily lay down bu t  did no t  sleep. 
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FIG. 3. EEG from an unanaesthetized dog. A was taken with dog awake 11 rain after the injection ot" 
tubocurarine 1 mg into vertebral artery. B and (7 were taken with dog asleep 30 and 40mina f t e r  the 

injection. B shows a spike. 
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F'IG. 4. EF~G from an unanaesthetized dog taken with the do~ asleep showing movements of eye, pax~ 
and muzzle, 25 rain after the injection of tubocurarine I mg into vertebral ar'.ery. Nole absence of 

activation (desynchronisation) and the presence of a spike. 

5 - H y d r o x y t r y p t a m i n e .  When 5 - H y d r o x y t r p t a m i n e  into ver tebra l  ar tery  could also be in the s t ruc tu res  l ining 
(SHT)  was in jec ted  in doses ranging f rom 50 1 0 0 0 u g ,  the  the infer ior  horn  like h ippocampus .  But since the suh- 
dog cried soon af te r  in jec t ions  of  5HT 250 ug or more .  s tances  injected in to  the ver tebra l  ar tery  have a wider  
With doses of  1 0 0 . - 5 0 0  ug, the  dogs slept  a f te r  a b o u t  20 d i s t r ibu t ion ,  the possibi l i ty  of  drugs injected into the 
rain and showed  eye m o v e m e n t s  dur ing  sleep. With 51tT ver tebra l  a r te ry  exer t ing  ac t ions  in o the r  areas canno t  he 
1000 ug doses there  was de feca t ion  and u r ina t ion  bu t  no  excluded.  
sleep. No o t h e r  behav ioura l  ef fects  were observed .  Hernandez-Peon ,  Chavez- lbarra ,  Morgane and Timo-lar ia  

[ 11 ] descr ibed chol inergic  pa thways  in the l imbic system in 
DISCUSSION induc t i on  of  sleep. They observed sleep fo l lowing applica- 

t ion  of  crystals  of ace ty lcho l ine  to a very c i rcumscr ibed  
The  presen t  s t udy  shows t ha t  sleep is a p r o m i n e n t  effect  pa thway  e x t e n d i n g  f rom upper  medial  p reopt ic  region inlo 

fol lowing in jec t ion  of  c h o l i n o m i m e t i c  drugs or t h e i r a n t a g o -  the medial  pon t i ne  t e g m e n t u m  along the  medial  forebra in  
nists in to  ve r t eb ra l  a r te ry  of  u n a n a e s t h e t i z e d  dogs. Sleep bundle ,  i n t e r p e d u n c u l a r  nucleus,  Bech te rew ' s  anti G u d d c n ' s  
fo l lowing in t raca ro t id  in jec t ions  of  the  above  groups  of  nuclei.  Yamaguchi ,  Ling and Marczynski  [1c)] repor ted  
drugs i n u n a n a e s t h e t i z e d  dogs was descr ibed by H a r a n a t h e t  sleep fo l lowing appl ica t ion  of  ace ty lcho l ine  30 ug 1o 
al. [8 ] .  H imwich  and l n m a n  [13]  s tudied the d i s t r ibu t ion  p reop t i c  region of  b o t h  sides. Myers [lt~] repor ted  various 
of dye in jec ted  in to  ve r t eb ra l  ar ter ia l  loops similar  to those  effects  of  enhanced  emo t iona l  act ivi ty  or a ler tness  but  no 
in the p resen t  s t udy  and showed  tha t  the  dye is d i s t r ibu ted  sleep on app l ica t ion  of  ace ty lcho l ine  to h y p o t h a l a m u s ,  
to b o t h  sides of  the  h ind brain,  of  the  midbra in ,  bo th  tha l amus  preop t ic  region and C a j a l ' s i n t e s t i t i a l n u c l e u s .  
h i p p o c a m p u s  and cauda te  nuc leus  and pyr i fo rm lobe of the  T h o u g h  bo th  c h o l i n o m i m e t i c  drugs and the i r  an tagon is t s  
cerebral  hemispheres .  The dye did no t  e x t e n d  to the p roduced  sleep on in t racaro t id  or in t raver lebra l  arterial  
an t e r io r  po r t i on  of  the  cerebral  hemispheres .  Hence the site in ject ions ,  the doses of chol inomin~et ic  drugs which do so 
of  ac t ion  for  the  e f f ec t s  p roduced  by drugs in jec ted  in to  are m u c h  larger than  the doses of chol inergic  an tagonis t s ,  ls 
the  ver tebra l  arterial  loop in the  p resen t  s tudy  could be at it possible tha t  b o t h  act by p roduc ing  a block at the 
any of  the  above  areas, chol inergic  pa thways  cho l inomin le t i c s  by a depolar iz ing  

Harana th  and V e n k a t a k r i s h n a - B h a t t  [101 observed t ha t  b lock and the i r  an tagon is t s  by a compe t i t ive  block? The 
sleep fo l lowed in jec t ion  of  as l i t t le as 20 ng t ubocu ra r i ne  doses of  n ico t ine  required to p roduce  sleep af ter  intraver- 
in to  the in fe r ior  horn  of  lateral  ventr ic le .  Also sleep was tebral  arterial  in jec t ion  is less than  tha t  for p i locarpine  (a 
induced  by  in jec t ions  in to  the  in fe r ior  ho rn  of  acetyl-  muscar in ic  agent) .  But ne i the r  drug appears  as effect ive as 
chol ine  1 - 2  ug, eserine 1 ~g, p i locarp ine  100 ug, n i co t ine  the i r  b locking  agents  in p roduc ing  sleep. There fo re  it is 
10 ,,g, l t yosc ine  0 . 4 - 1 . 6  ~g, and a t rop ine  10 20 ~g. It is diff icult  to conc lude  w h e t h e r  muscar in ic  or n ico l in ic  
possible t ha t  the  s leep- inducing effects  of  drugs in jec ted  receptors  are involved. It is also shown tha t  more  acelyl-  
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choline is released during wakeful  state and REM sleep concen t r a t ions  achieved at the target areas which may 
f rom perfused cerebral  ventricles [ 9 ] , f r o m  perfused cor tex  produce  e i ther  s t imula t ion  or block depending  on the 
[14] and f rom perfused caudate  nucleus [5] .  This concen t ra t ion  and finally the act ions on more  than one area 
fits into the concep t  of  increased activity of  cholinergic which may be mutual ly  antagonist ic  or synergistic.  
mechan i sms  during wakefulness  and REM sleep. The ant ichol ines terases  and the cholinergic blocking 

The central  effects  of  some of  the n e u r o h o r m o n e s  agents used in this s tudy have been shown to pass from 
injected into the cerebral  ventr icles  appear  d i f fe rent  to their  b lood to c.s.f, t hough  in small amounts .  Eserine and 
effects  on sys temic  adminis t ra t ion .  Adminis t ra t ion  of  neos t igmine  [1 ] ,  a t ropine  [6] ,  h e x a m e t h o n i u m  [17] and 
adrenaline and noradrenal ine  in to  the vertebral  artery did tubocurar ine  [3] were shown to pass f rom blood into c.s.f. 
not  produce  any sleep in our  exper iments .  Their  sys temic  in small amounts .  Since small doses of  tubocurar ine  500 ng 
adminis t ra t ion  was shown to p roduce  he igh tened  alertness injected into lateral cerebral  ventricles [ 7] or 20 ng in to  the 
[2 ,18] .  But in t racerebrovent r icu la r  admin is t ra t ion  of  cate- infer ior  horn  [10] are known  to produce  sleep it may be 
cholamines  p roduced  sleep [4] .  When drugs are given possible that  some of  these drugs may produce  sleep after  
e i ther  systemical ly in to  circual t ion or in to  the cerebral  passing first into the c.s.f. 
ventricles into the c.s.f., the drugs are d is t r ibuted  over a Jouvet  [15] suggested a role bo th  to c a t e c h o l a m i n e s a n d  
large area. In studies wi th  topical  appl icat ion of neuro- 5HT in the p roduc t ion  of  sleep. But on inject ion into the 
humors  applied to discrete areas of brain Y a m a g u c h i e t  al. vertebral  ar tery only in doses of 1 0 0 - 5 0 0  ug 5HT 
[19] observed alerting features af ter  appl icat ion of  nora- p roduced  sleep but not  adrenaline or noradrenal ine .  
drenaline to preopt ic  region, but  sleep (bo th  slow wave and 
REM phases)  on appl icat ion to nucleus centralis medialis. ACKNOWLEDGEMENT 

The d i f ference  in effects  with the d i f fe rent  routes  of  The work was carried out with a grant-in-aid from Indian 
adminis t ra t ion  i.e. systemical ly or direct ly  into the cerebral Council of Medical Research, which is gratefully acknowledged. We 
ventricles may be ascribed to factors  like abili ty of the thank Dr. M. V. Raghava Reddy, Neurologist, Osmania General 
n e u r o h o r m o n e s  to cross blood-brain  or blood-c.s .f ,  barriers, Hospital, Hyderabad for the facilities of recording the EEG. 
the d is t r ibut ion in brain af ter  sys temic  adminis t ra t ion ,  

REFERENCES 

1. Bhattacharya, B. K. and W. Feldberg. Perfusion of cerebral 10. Haranath, P. S. R. K. and H. Venkatakrishna-Bhatt. Br. J. 
ventricles: assay of pharmacologically active substances in the Pharmac. 59:231, 1977. 
effluent from cisterna and aqueduct. Br. J. Pharmac. Chemo- 11. Hernandez-Peon, R., G. Chavez-Ibarra, P. J. Morgane and C. 
ther. 13:163 174, 1958. Timo-laria. Limbic cholinergic pathways involved in sleep and 

2. Bonvallet, M., P. Dell, and G. Hiebel. Tonus sympathique et behaviour. Expl Neurol. 8: 93-1 l 1, 1963. 
activite electrique corticale. Electroenceph. olin. Nenrophysiol. 12. Himwich, W. A., E. Costa, R. G. Canham and S. L. Goldstein. 
6 :119-144 ,  1954. Isolation and injection of selected arterial areas in the brain.,/. 

3. Devasankaraiah, G., P. S. R. K. Haranath and A. Krishna- appl. Psysiol. 15: 303-306, 1960. 
murthy. Passage ol intravenously administered tubocurarine 13. Himwich, W. A. and O. R. Inman. Injection of dye into 
into the liquor space in man and dog. Br. J. Pharrnac. 47: isolated arteries supplying the brain of dog. I n t . . L  Neuro- 
787 798, 1973. pharmac. 1:303 307, 1962. 

4. Feldberg, W. and S. L. Sherwood. Injections of drugs into the 14. Jasper, H. H. and J. Tessier. Acetylcholine liberation from 
lateral ventricle of the cat. Ji Physiol. Lond. 123:148 167, cerebral cortex during paradoxical (REM) sleep. Science 172: 
1954. 601--602, 1971. 

5. Gadea-Ciria, M., ft. Stadler, K. G. Lloyd and G. Bartholini. 15. Jouvet, M. Biogenic amines and states of sleep. Science 163: 
Acetylcholine release within the cat striatum during sleep- 32-41, 1969. 
wakefulness cycle. Nature 243:518 519, 1973. 16. Myers, R. D. Emotional and autonomic responses following 

6. Haranath, P. S. R. K., K. Premalatba and K. Sunanda-Bai. hypothalamic chemical stimulation. Can. J. Psychol. 18: 6-14,  
Passage of intravenously infused atropine into perfused cere- 1964. 
bral ventricles and subarachnoid space. Br. J. Pharmac. 17. Paton, W. D. M. The principles of ganglion block. Lectures on 
Chemother. 27:10 16, 1966. the Scientific Basis o f  Medicine, Vol 2, University of London: 

7. Haranath, P. S. R. K. and S. Shyamalakumari. Sleep induced The Athlone Press, 1952, p. 153. 
by small doses of tubocurarine injected into cerebral ventricle 18. Rothballer, A. B. Studies on the adrenaline-sensitive 
of dog. Br. J. Pharmac. 49:23 28, 1973. component of reticular activating system. Electroenceph. clin. 

8. Haranath, P. S. R. K., K. Sunanda-Bai and H. Venkatakrishna- Neuroph.vsiol. 8:603 621, 1956. 
Bhatt. Intracarotid injections and infusions of cholinomimetic 19. Yamaguchi, N,, G. M. Ling and T. J. Marczynski. The effects of 
drugs and their antagonists in conscious dogs. Br. J. Pharmac. chemical stimulation of the preoptic region, nucleus centralis 
Chemother. 29:42 54, 1967. medialis or brain stem reticular formation with regard to sleep 

9. Haranath, P. S. R. K. and H. Venkatakrisbna-Bhatt. Release of and wakefulnes. Recent. Adv. Biol. P~vchiat. 6 Ed. J. Wortis, 
acetylcholine from perfused cerebral ventricles in unanacsthe- pp. 9 20, 1964. 
tized dogs during waking and sleep. Jap. J. Physiol. 23: 
241 250, 1973. 


