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SEOANE, J. R. AND C. A. BAILE. Feeding behavior in sheep as related to the hypnotic activities of  barbiturates injected 
into the third ventricle. PHARMAC. BIOCHEM. BEHAV. 1(1) 47 53, 1973.-The central effect of barbiturates on feeding 
behavior was studied in sheep. Control or test solutions (0.5 ml) were injected at a rate of 0.19 ml/min into the 
third cerebral ventricle. Barbital, phenobarbital, amobarbital and pentobarbital elicited marked feeding (p<0.01) while 
secobarbital and thiamylal did not. The dose of barbital required to elicit maximum feeding was 240 tsmoles/animal while 
for pentobarbital it was 30 ~zmoles. At these doses, barbital elicited a larger feeding response than pentobarbital (753± 184 
g vs. 394-+ 178 g. 2 hr postinjection, p<0.01 ). No differences were observed between barbiturates that elicited feeding with 
respect to the latency of the response, within 2 min postinjection. Pentobarbital, but not barbital, increased intraperitoneal 
temperature (p<0.01), suggesting that pentobarbital had penetrated into brain structures involved in temperature 
regulation. The feeding responses observed may be related to the differences between barbiturates with respect to their 
lipid solubility and rate of penetration of biological membranes.. Since barbiturates are neurodepressants, we suggest that 
they act by partially removing the influence of inhibitory neurons impinging on feeding centers of the lateral 
hypothalamus. 
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S E V E R A L  anesthetics have been injected centrally to test 
their  effect  on feeding behavior of  mono  and polygastric 
animals. Inject ions o f  pentobarbi ta l  into the lateral ven- 
tricles of  rats increased their  feed consumpt ion  [3,15] .  
Similar inject ions of  pentobarbi ta l  caused feeding in goats, 
sheep and calves [1,19] and increased ruminat ion  in sheep 
[20] .  Other  anesthetics such as chloral, chloralose and 
magnesium chloride induced feeding in cats [8] .  While the 
exact  mode  of  act ion o f  these drugs remains unclear,  the 
feeding response observed is probably related to their 
hypnot ic  properties.  These drugs, when injected into the 
cerebrospinal fluid, presumably diffuse into adjacent struc- 
tures, including the vent romedia l  hypothalamus,  causing a 
decrease in neuronal  activity. This could suppress medial 
inhibitors of  the lateral hypothalamus,  thus resulting in 
feeding. 

The  purpose o f  the  present exper iments  was to study 
the effect  of  barbiturates on feeding behavior of  sheep. The 
available barbi turates  vary widely in their hypnot ic  
properties,  f rom the ultrashort  acting thiamylal  and 
th iopenta l  to the long acting barbital  [16] .  Since barbit-  
urates differ  in their  activities and degrees of  solubil i ty in 
the lipid fract ions of  the membranes  [4 ,14] ,  their  effect  on 

the feeding response may also differ. We injected these 
drugs into the third cerebral ventricle,  to reduce their 
action in higher brain structures and produce larger 
concentra t ions  of  the drugs localized especially in the 
medial diencephalon,  where their postulated act ion for 
feeding takes place. 

METtJOD 

Fif teen yearling crossbred wethers averaging 40 kg of  
body  weight were surgically implanted with stainless steel 
guides directed towards the third ventricle of  the brain 
fol lowing the technique  described by Seoane and Baile 
[21] .  The final posit ion of  the tip of  the guide was 
approximate ly  5 mm above the third ventricle. A 21 gauge 
needle was inserted through the  guide into the third 
ventricle at the t ime of  injections. The  length o f  the inserts 
were determined during surgery. Post surgical t rea tment  
included ant ibiot ic  administrat ion during five days. The 
animals were housed in behavioral  rooms with control led  
environmental  condi t ions  of  tempera ture  (21 -+ I°C)  and 
relative humidi ty  (45%). Water was available at all times. 
Sheep were fed ad lib. Fresh feed was offered one hour  
before  the injections.  The feed was a pelleted mixture  of  
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60% concent ra te  and 400;) hay. The gross composi t ion  of  
the feed has been described previously [22] .  

The  inject ions o f  ei ther cont ro l  solutions (saline or 
synthet ic  CSF [18] )  or the test drug were conduc ted  at the 
same hour of  the day for each exper iment .  The patency of  
the third ventricular  insert was de termined  prior to the 
injections by the ease of  inject ion and withdrawal  of  CSF 
using a co lumn of saline in translucent  tubing placed 20 cm 
above or  20 cm below the tip of  the intraventr icular  insert. 
t talf  a ml of  the test solutions was injected in 160 sec 
(approx.  f low rate: 0.19 ml /min)  using a variable speed 
syringe pump (Model 341, Sage Instruments) .  

Experiment  1 

Eight sheep were used to de termine  the effect  of  six 
barbiturates differing in hypnot ic  act ivi ty on feeding 
behavior. The intraventr icular  inject ions were conducted  at 
2 :00 p.m. The drugs tested, the pH of the solutions 
injected, the drug hypnot ic  activities [13,16] their  
part i t ion coeff ic ient  [5,13] and the doses injected per 
animal are presented in Table 1. Synthe t ic  CSF was injected 
the day previous to the inject ion of  the test drug. Contro l  
values were compared  against t r ea tment  feed intake values 
using paired t-test. Eight observat ions were obta ined for 
each barbi turate  and its control .  

Trea tments  and animals were assigned to a complete ly  
randomized exper imenta l  design. The t reatments  studied 
were: 0.9% NaC1 control ;  pentobarbi ta l :  15, 30, 60 and 120 
~moles /animal ;  barbital: 60, 120, 240 and 480 **moles/ 
animal. Feed intake and intraperi tone,d temperature  were 
recorded and tested statistically by analysis of  variance. 
Specific t rea tment  comparisons were conducted  by the 
least significant differences test [23] .  

E.vlwrimen t 3 

Seven sheep were used to study the effect  of  ultrashort 
( thiamylal)  and short acting (pentobarbi ta l )  barbiturates on 
feeding behavior of  sheep. Two doses of  each barbiturate 
were studied: 43 and 97 umoles/animal .  Injections of 
isotonic saline were used as a control .  Feed intake values 
were compared by t-test. 

RESULTS 

Experiment  l 

Average feed intake values for each of  the barbiturates 
tested during various intervals post inject ion,  are presented 
in Table 2. During the control ,  sheep ate about  9% (107 + 8 
g) of their  24-hr feed consumpt ion  during the 2 hr period 
postinjection.  Barbiturate inject ions resulted in different  

TABLE 1 

PARTITION COEFFICIENTS, PH OF THE SOLUTIONS, LENGTH O F  HYPNOTIC ACTIVITY 
AND DOSE LEVEL OF BARBITURATES INJECTED INTO THE THIRD CEREBRAL VENTRICLE 

OF SHEEP IN t~XPERIMENT I 

Partition pH of the Length of Dose/Animal 
Drug Coefficient solution Hypnotic (~umoles) 

as injected Activity 

Barbital 4.5 9.7 Long 100 

Phenobarbital 26.3 9.6 Long 40 

A mobarbital 89.5 9.6 lntermediate 50 

Pentobarbital 89.5 9.7 Short intermediate 40 

Secobarbital 143.0 9.5 Short 40 

Thiamylal 2,000 approx 9.8 Ultrafast 40 

Experiment  2 

Six sheep were used to de termine  their  feeding response 
to various doses of  a long acting barbiturate (barbital)  and a 
short acting one (pentobarbi tal) .  During surgery, in 
addi t ion to the third ventricular  guide,  a piece of  silastic 
tubing sealed in one end was in t roduced into the per i toneal  
cavity of  the animals (in p rox imi ty  to the liver) and secured 
in place by a Dacron mesh skirt cemented  to the tubing and 
sewn under  the skin. A tempera ture  probe  was in t roduced  
through the open end of  the tubing to record tempera ture  
changes in the peri toneal  cavity. 

responses with respect to the total  feed consumed,  but not  
with respect to the latency of  the response. When the short 
(secobarbital)  and ultrashort  acting ( thiamylal)  barbiturates 
were injected, a 17 and 77 g increase in feed intake above 
control  values was observed at 15 rain post inject ion.  When 
the intermediate-  (pentobarbi ta l ,  amobarbi ta l )  or long 
acting (phenobarbi ta l ,  barbital) barbiturates were injected, 
an increase in feed intake occurred ranging from 117 to 211 
g above control  values during the 15 rain post inject ion 
period (Table 2, p< 0.01). 
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TABLE 2 

FEED INTAKE OF SHEEP AS AFFECTED BY THIRD VENTRICULAR INJECTIONS OF 
VARIOUS BARBITURATES (EXPERIMENT 1) 

Treatments n 

Feed Intake (g-+S.E.M.) at Different Intervals Postinjection (min) 

0 -  15 0 - 3 0  0 60 0 -  120 24-hr 

Control 8 24-+3 40-+4 60-+5 107-+8 1176-+59 

Barbital 8 229+-71 * 354-+103 t 453_+110t  484+_109 t 1543-+135" 

Phenobarbital 8 179+-47 t 251-+55 t 293-+52 t 3 3 6 _ + 5 3 t  1311-+88 

Amobarbital 8 141-+32"  180-+40 * 241-+36? 301_+35 t 1051-+132 

Pentobarbital 8 235-+53 t 314-+67 t 335-+65 t 351÷58 t 928-+152 

Secobarbital 8 41-+14 90-+27 109-+30 156-+34 1132-+127 

Thiamylal 8 101-+26" 138-+40" 149_+44 183-+42 1419-+142 

*Statistically different from control, p<0.05 
?Statistically different from control, p<0.01 

Long acting barbiturates elicited consistent and 
sustained feeding for as long as 2 hr after the injection 
(p<0.01), while short acting barbiturates produced a slight 
response in some animals and no response in others. The 
long acting barbital produced an increase in daily feed 
consumption of approximately 30% above control values 
(1543 vs 1176 g, p< 0.05) during the 24 hr following 
injections. Injections of pentobarbital, which is considered 
as short-intermediate, resulted in 24-hr feed intakes lower 
than that following control injections (928 vs. 1176 g, 
p<0.10). 

Experiment 2 

Average feed intake values for the different treatments 
are presented in Table 3. An increase in feed intake was 
observed in all treatments, at all times postinjection, when 
compared with control values. The most effective doses to 
elicit feeding were 240 umoles for barbital and 30 umoles 
for pentobarbital. Thus, to elicit a maximum feeding 
response, smaller doses of pentobarbital were required than 
those of barbital. However, the quantity of feed consumed 
after injections of 240 umoles of barbital was 309 g larger 
than after injections of 30 umoles of pentobarbital during 
the 1 hr postinjection period (p<0.01). 

Comparing the feeding responses elicited by equimolar 
doses (60 and 120 umoles/animal) of barbital and pento- 
barbital at 15, 30, 60 and 120 rain postinjection showed 
that barbital elicited larger feeding than pentobarbital at 
both dose levels. None of the treatments affected 24-hr 
feed intakes. 

Intraperitoneal (IP) temperature was not affected by 
barbital injections. However, a significant increase in 
temperature (0.2-0.5°C) was observed in all animals 
shortly after the injections of pentobarbital at all doses 
tested (Fig. 1, p<0.01). 

Experiment 3 

As shown in Table 4, the ultrashort acting barbiturate, 
thiamylal, did not elicit feeding at either of the two doses 
injected. Pentobarbital injections, on the other hand, 
resulted in a significant increase in feed intake at both 
doses. The larger increase was obtained after the injections 
of 43 umoles/animal (415 vs. 13 g for pentobarbital and 
control respectively, at 30 rain postinjection, p<0.01). 
When 97 umoles of thiamylal were injected, the animals 
showed apparent signs of ataxia. Some animals were unable 
to remain standing, showing lack of coordination of 
movements in their attempts to stand up. Others were 
standing up, but bleating, stamping their feet and rubbing 
their heads against the cages. All these are signs of 
discomfort in sheep. Such behavior lasted for a few hours 
postinjection. 

DISCUSSION 

The feeding responses observed in sheep after injections 
of different barbiturates into the third ventricle appeared to 
be related to the length of hypnotic activity and lipid 
partition coefficients of the drugs. Long acting barbiturates 
consistently elicited feeding in all animals injected. At the 
end of 2 hr, sheep receiving 100 ~moles of barbital had 
eaten 40% of their normal 24-hr feed intake as compared 
with control tests when animals consumed in 2 hr only 9% 
of their daily intake. 

Pentobarbital elicited a maximum feeding response at a 
dose level 8 times smaller than the dose of barbital required 
for maximum feeding; but, at the maximum effective doses, 
barbital elicited greater intakes and more sustained feeding 
than pentobarbital. Short acting barbiturates did not elicit 
consistent feeding responses. 
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T A B L E  3 

I~'F;EI) INTAKE OF SHEEP AS AFFt~CIEI') BY ]-HIRI) VENTt/ICUI~AI ~. INJECTIONS ()1. 
PENTOBARBITAI.. AND BARBITAL* 

Postinjection Time (rain) 

Trea tments  n 0 - 15 0 30 0 6(i) 0 120 

Control  

Pentobarbital  

Barbital 

6 10-+8 a 30±6 a 31+28 a 55+28 a 

15 ~zmoles 6 135+-46 ab 145±50ab 146±50 ab i47±50ab 

30 #moles  6 283-+130 bc 389±179 cd 390±179 bc 394±178bc 

60 #moles 6 193±20 ab 222+19 abe 247±33abc 249±32abc 

120 ~zmoles 6 205+74 abc 282-+76 bc 290+78 abe 293±78abc 

60 ~moles 6 249±44 bc 322±61 bc 348÷59 bc 349±60bc 

120 #moles  6 237±68 bc 343±80 bed 421±86 cd 427 .85cd  

2 4 0 # m o l e s  6 405+128 c 574+150 d 699+170 d 753±184 d 

480 ~moles 6 321±101 bc 387±106 cd 451+127 cd 498±133cd 

*Feed intake expressed as means in g ± standard error 
abCdMeans sharing a c o m m o n  superscript within a postinjection time are not statistically 

different as determined by ANOV and lsd test (p<0.05)  

T A B L E  4 

FEED INTAKE OF SHEEP AS AFFECTEI)  BY THIRD VENTRICULAR INJECTIONS OF 
P E N T O B A R B I T A L A N D T H I A M Y L A L *  

Postinjection Time (rain) 

Trea tments  n I} 15 0 30 0 60 0 120 

Control  6 8 ~-2 1 3 + 4  25 t 5 38+  8 

Pentobarbital  
43 ~moles 4 303 ± 77:I: 415 ± 975 42(I t 97:~ 420 ± 971: 
97 ,zmoles 6 186 ± 36 t 223 ± 49-~ 223 ~ 49~ 224 + 49* 

Thiamylal  
43 ,amoles 4 10 + 4 26 ± 15 30 ~ 17 62 ÷ 34 
97 ~zmoles 3 21 ~ 11 36 ± 20 40 + 22 87 ± 54 

*Feed intake expressed as means in g + standard error 
"['Statistically different f rom control,  p<0 .05  
$Statistically different from control,  p<0.01 

In  sp i t e  o f  t h e  s i m i l a r  d o s e  levels  a n d  a n e s t h e t i c  
p r o p e r t i e s ,  p e n t o b a r b i t a l ,  s e c o b a r b i t a l  a n d  t h i a m y l a l  p ro -  
d u c e d  d i f f e r e n t  r e s p o n s e s .  A t  v a r i o u s  d o s e s  i n j e c t e d ,  p e n t o -  
b a r b i t a l  e l i c i t ed  m a r k e d  f e e d i n g  w i t h i n  2 ra in  a f t e r  t h e  
i n j e c t i o n s  t e r m i n a t e d ,  wh i l e  s e c o b a r b i t a l  a n d  t h i a m y l a l  
e l i c i t ed  o n l y  s h o r t  l a s t i ng  a n d  va r i ab le  r e s p o n s e s .  S u c h  
d i f f e r e n c e s  c o u l d  be  e x p l a i n e d  in t e r m s  o f  t h e  l ipid 
so lub i l i t i e s  o f  b a r b i t u r a t e s .  S e c o b a r b i t a l  a n d  t h i a m y l a l  h a v e  

ve ry  h i g h  so lub i l i t i e s  be ing  c a p a b l e  o f  e n t e r i n g  a n d  l eav ing  
b io log i ca l  m e m b r a n e s  ve ry  r ap id ly ,  r e s u l t i n g  in o n l y  a s h o r t  
l e n g t h  o f  a c t i o n  [ 4 , 1 4 ] .  T h e y  m a y  d i f f u s e  a w a y  f r o m  areas  
r e s p o n s i b l e  f o r  t h e  f e e d i n g  o b s e r v e d  o r  be  m e t a b o l i z e d  b y  
b r a in  t i s sue .  T h e r e  is e v i d e n c e  t h a t  s u l f u r  c o n t a i n i n g  
b a r b i t u r a t e s  ( u l t r a s h o r t  ac t ing ,  e.g. t h i o p e n t a l ,  t h i a m y l a l )  
are  d e g r a d e d  in b r a i n  t i s sue  wh i l e  l o n g  a c t i n g  b a r b i t u r a t e s  
a re  n o t  [ 7 ] .  T h i s  c o u l d  e x p l a i n  w h y  t h e r e  was  s u c h  a sm a l l  
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FIG. 1. Effects of various doses (~zmoles} of barbital (B) and pentobarbital (PB) on intraperitoneal 
temperature of sheep in Experiment 2. IP temperature is expressed as changes in centigrade degrees from 

the temperature observed at the time of injection (0°C). 

response after thiamylal injections. 
No differences were observed between effective 

barbiturates in relation to the latency of the feeding 
response. All barbiturates, at doses that elicited feeding, did 
so within 2 rain after the injections terminated with slight 
variations between animals. Thus, the latency of the 
response was not a determinant of the magnitude of feeding 
elicited. 

The least lipid soluble of the barbiturates injected, 
barbital, elicited the greatest feeding response. At the end 
of 1 hr, animals receving barbital continued to eat small 
quantities of feed, while animals receiving pentobarbital 
were lying down with no signs of hunger. These observa- 
tions could be related to the length of hypnotic action of 
the drugs. Barbital is the simplest derivative of barbituric 
acid possessing hypnotic properties. It is regarded as a poor 
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h y p n o t i c  and anes the t i c  because  of  its low pa r t i t i on  
coeff ic ient ,  which  decreases great ly  its lipid so lubi l i ty  
[4 ,13 ] .  C o n s e q u e n t l y  it pene t r a t e s  m e m b r a n e s  at a very 
slow rate. This  is re f lec ted  in its s low onse t  of  act ion.  As 
the  na tu re  o f  the  subs t i t uen t s  in the  5 -carbon  pos i t ion  of  
the  ba rb i t u r a t e  molecule  are made  more  l ipophil ic ,  or  wi th  
the  i n t r o d u c t i o n  of  a su lphur  g roup  in the  2 -ca rbon  
posi t ion ,  the  solubi l i ty  of  the  b a r b i t u r a t e  increases [ 1 6 ] .  
A l t h o u g h  there  is no t  direct  evidence f rom our  experi-  
ments ,  the  so lubi l i ty  p roper t i e s  of  barb i ta l  suggest t h a t  this  
drug exer ted  its feeding response  by  act ing in the  p r o x i m i t y  
of  the  site of  inject ion.  Since barb i ta l  pene t r a t e s  mem-  
branes  very slowly, by  the  t ime  the  feeding response  was 
observed (2 min  pos t in j ec t ion ) ,  it p robab ly  had not  
p e n e t r a t e d  more  t han  the  per iven t r icu la r  t issue wi th in  the  
region of  the  th i rd  ventr icle .  The  24-hr  increase in feed 
in take  observed af te r  barb i ta l  in jec t ions  suggest t ha t  this  
c o m p o u n d  may r ema in  longer  at t he  site of  ac t ion  w i t h o u t  
undergo ing  apprec iab le  me tabo l i sm.  

The  increase in b o d y  t e m p e r a t u r e  observed  shor t ly  a f te r  
p e n t o b a r b i t a l  in jec t ions  t ends  to suppor t  the  previous  
assumpt ions .  Pen toba rb i t a l ,  bu t  no t  barbi ta l ,  appears  to  
have di f fused in to  h y p o t h a l a m i c  areas involved in t empera -  
ture  regula t ion  [ 1 7 ] .  T he  low solubi l i ty  of  ba rb i t a l  may  
have been  respons ib le  for  its lack of  effect ,  p reven t ing  it 
f rom reaching bra in  s t ruc tu res  loca ted  no t  ad jacen t  to  the  
th i rd  ventricle.  The  data  also suggest t ha t  the  feeding effect  
was i n d e p e n d e n t  of  t e m p e r a t u r e  regula t ion ,  since feeding 
was elici ted by barb i ta l  w i t h o u t  a f fec t ing  b o d y  t empera -  
ture.  All doses of  p e n t o b a r b i t a l  el ici ted similar  increases  in 
b o d y  t e m p e r a t u r e ,  however ,  the  feeding responses  were 
marked ly  di f ferent .  

A l though  o the r  regions in the  l imbic sys tem can not  be 
excluded,  we suggest t ha t  ba rb i t u r a t e s  elicited feeding in 
sheep by  act ing e i ther  on the  ven t r icu la r  m e m b r a n e  itself  or 
on  the  ven t romed ia l  area of  the  h y p o t h a l a m u s .  The  role of  
the  VMH in feeding behav io r  is widely recognized 124].  
Since its loca t ion  is wi th in  1.5 m m  at e i the r  side of  the  
th i rd  ventr ic le  and  the  la tency  of  the  feeding response  was 
similar for  all effect ive ba rb i tu r a t e s  injected,  we assume 
tha t  the  VMH may  be the  site of  ac t ion  of these  drugs. 

Previous  invest igat ions  have s h o w n  tha t  p e n t o b a r b i t a l  
in jec t ions  in to  the  lateral  ventr ic les  of  hyperphag ic  rats 
induced  feeding in spite of lesions in the  ven t romed ia l  area 
of  the  h y p o t h a l a m u s  [15 ] .  Baile et al. [2] recen t ly  
d e m o n s t r a t e d  t ha t  feeding can be induced  in sa t ia ted  sheep 
by  in jec t ions  of  local anes the t i c s  in to  the  medial  hypo-  
tha lamus .  Increased feeding may also result  f rom lesioning 
o the r  areas ad jacent  to the  VMH 19] and by  suppress ing 
neural  i n f o r m a t i o n  going to the  lateral  h y p o t h a l a m u s  
[ 11,1 2] .  Barb i tu ra tes  p robab ly  exer t  the i r  feeding response  
in a s imilar  way: tha t  is, t hey  may depress  neura l  act ivi ty  of  
i nh ib i t o ry  fibers ac t ing on  the  feeding cen te r  of  the  lateral 
h y p o t h a l a m u s ,  thus  elici t ing feeding. 
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