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BAILE, C. A., L. F. KRABILL AND C. W. SIMPSON. Feeding elicited by ~ and ~ adrenoceptor agonists in sheep and cattle 
PHARMAC. BIOCHEM. BEHAV. 1(5) 531-538, 1973.-We have previously shown that a and/3 adrenoceptor agonists 
injected intraventricularly and intrahypothalamically elicit feeding in sheep and only/3 agonists readily elicit feeding in 
cattle. In the present work sheep and cattle, surgically prepared with lateral ventricular guides, were injected during 70 sec 
with 1.0 ml synthetic CSF with or wiffiout drug on experimental days. The animals were fed ad lib and fresh feed was 
given 1 hr prior to the injection to synchronize spontaneous meals. Injections of 1-Epi, a universal adrenoceptor agonist, 
into sheep elicited feeding with doses of 33 to 66 nmoles and with higher doses of 267-534 nmoles; the lower dose range 
was similar to that required of dl-isoproterenol (dl-lsop), a/3 agonist, and ~he higher dose range was similar to that required 
of I-NE, an a agonist, to elicit feeding. The response to the upper range of l-Epi was specifically blocked by an a antagonist, 
phenoxybenzamine. Responses to the lower range were blocked, in part, by both a and/3 antagonists. Precursors of I-NE 
and l-Epi, i.e., 1-Dopa and dopamine, did not elicit feeding in the same dose ranges as the products. More selective/3 
agonists (fl~) were less potent for eliciting feeding than dl-Isop. In cattle, 1-Epi did not elicit reliable feeding, although 7 
doses were tested ranging from 50-3,240 nmoles. All of the feeding responses in sheep occurred at lower doses than those 
required for changes in body temperature. These data lend additional support and characterization to our previous 
conclusion that feeding in sheep can be elicited by both a and /3 adrenoceptor agonists, but the latter are much more 
potent. Agonists with c~ activity do not readily elicit feeding in cattle. 

Epinephrine Norepinephrine dMsoproterenol Salbutamol Phenoxybenzamine 
Propranolol L-dopa Dopamine Ruminants Body temperature Cattle Sheep 

A NUMBER of  precursors and derivatives of  catechola- 
mines and the probable adrenergic neurot ransmit ters  are 
known to elicit feeding and are thought  to play a role in the 
CNS control  of  feeding. Tyrosine (rat, [6] ) ,  1-Dopa (rat, 
[14] ) and dopamine  (rat, monkey ,  [6, 14, 2 1 ] )  injections 
into the hypotha lamus  or cerebrospinal  fluid (CSF) have 
been shown to result in feeding. A biosynthet ic  product  of  
dopamine ,  1-norepinephrine (1-NE), an a adrenocep tor  
agonist, has been shown to elicit feeding in rats [6, 8, 11, 
14, 22] ,  monkeys  [21] and sheep [4] .  Inject ions of 
a n o t h e r  b iosynthet ic  product ,  1-epinephrine (1-Epi), a 
general adrenergic agonist, results in feeding in rats [6, 8 
14] and monkeys  [21 ] ;  however ,  1-Epi injected into the 
perifornical  area elicits feeding only fol lowing the inject ion 
of  a 13 adrenoceptor  agonist [11 ]. Nei ther  phenylalanine,  
which is a precursor  of tyrosine,  nor  t ryptamine ,  a decar- 
boxyla t ion  metabol i te ,  elicits feeding in rats in a similar 
dose range to the above metabol i tes  [6] .  Likewise, the 
inject ions of  the degradat ion product  of  1-NE and 1-Epi, 
normetanephr ine  and metanephr ine ,  do no t  result in feed- 
ing in rats [6 ]. 

A chemical  derivative of  1-Epi, i soproterenol  (dl-Isop), 
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Table 4, has been shown to have no effect  when injected 
into medial  hypotha lamic  areas but  results in hypophagia  
fol lowing inject ions in to  the perifornical  or lateral hypo-  
thalamus [9,12] .  In one exper iment ,  dl-Isop injected into  
the lateral ventricle of rats resulted in a much  delayed but  
increased feeding, i.e., significant 6 hr after inject ion [2] .  

In the present exper iments  we have ex tended  our initial 
observations on feeding elicited in sheep by bo th  a and 
adrenoceptor  agonists and by only t3 agonists in catt le [4] .  
We have measured bo th  feeding and tempera ture  fol lowing 
inject ions of  precursors of  1-NE (an a agonist), 1-Epi (a 
universal adrenoceptor  agonist), dl-Isop (a general # agonist) 
and other  more  specific ~ agonists, e.g., #~ ,, Salbutamol  
which, for example,  is a po ten t  agonist for bronchial  dila- 
t ion,  but  relatively inactive an agonist for cardiac muscle 
[10] .  Our object ive was to fur ther  characterize our  pre- 
viously shown adrenergically elicited feeding in sheep and 
catt le [4] .  

METHOD 

Eight sheep (wethers 3 0 - 4 0  kg) and 8 cattle (steers 
2 0 0 - 3 0 0  kg) were prepared with bilateral lateral ventricu- 
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T A B L E  1 

BASIC DIETS FED TO S HEEP  AND C A T T L E  D U R I N G  T H E  E X P E R I M E N T S  

Ingredient 
Sheep Diet Cattle Diet 

60% Concentrated 80% Concentrated 

% W/W % w/w 

Medium Ground Corn 44.00 65.85 

Mixed Ground Hay (11%) 40.00 20.00 

Soybean Meal (44%) 7.00 6.00 

Dried Molasses 8.00 6.00 

Dicalcium Phosphate 0.50 0.40 

Urea 0.55 

Trace Mineral Salt 0.50 0.50 

Ground Limestone 0.70 

Vitamin A 240,000 IU/ton 2,000,000 IU/ton 

Vitamin D 2 70,000 IU/ton 250,000 IU/ton 

lar guides. H a l o t h a n e  was used to m a i n t a i n  anes thes ia  
dur ing  the  surgery.  The  p rocedu re  fo l lowed for  the  sheep 
was similar  to  t ha t  descr ibed  by  P a p p e n h e i m e r ,  e t  al. [16]  
excep t  t ha t  a s t e reo tax ic  i n s t r u m e n t  was used to ho ld  the  
head  and an e lec t rode  carr ier  was used to lower  the  guides 
in to  the  brain.  Fo r  an in jec t ion ,  an inser t  (22 gauge needle)  
was placed in the  guide (18 gauge t u b i n g ) w h i c h  p u n c t u r e d  
the  e p e n d y m a  at a level a b o u t  15 m m  be low the  dura  and  
at a p lane  a b o u t  1 cm caudal  to  the  f o r a m e n  of  Monro.  The  
guides (18 gauge tub ing )  for  the  s teers  were placed 1 cm 
lateral  to  mid l ine  in the  f ron ta l  bones .  The  in j ec t ion  sites in 
the  steers were rostral  to  the  f o r a m e n  of  Monro .  In b o t h  
species the  guides were secured wi th  acryl ic  resin;  4 s ta in-  
less steel screws were placed in the  skull  a round  the  guides.  
To p ro t ec t  the  guides,  a 2.5 cm stainless steel  tube  wi th  an 
3 cm dia. was placed on  the  skull  so t ha t  it enci rc led  the  
guides and  was held in place wi th  the  acrylic resin.  The  
an imals  were given an t ib io t i c  t r e a t m e n t  for  3 - 5  days. To 
insure t ha t  on  the  in j ec t ion  days the  inser t  p u n c t u r e d  the  
ventr ic le ,  it was requred  t ha t  CSF d r ipped  f rom the  inser t  
pr ior  to  beg inn ing  an in jec t ion .  

A silastic t ub ing  sealed at  one  end  was i m p l a n t e d  i n to  
the  pe r i tonea l  cavi ty near  the  liver of  the  sheep  and fixed in 
place by  a Dacron  mesh  skir t  c e m e n t e d  to  the  t ub ing  and 
sewn u n d e r  the  skin. To measure  b o d y  t e m p e r a t u r e  a 
t e m p e r a t u r e  p robe  was passed t h r o u g h  the  open  and distal  
end of the  tubing.  The  sheep were also p repared  w i th  
rumina l  f istulas f i t ted  wi th  cannulas .  The  animals  were fed 
ad lib on  the  r a t ions  whose  c o m p o s i t i o n s  are p resen ted  in 
Table  I. The  animals  were housed  in a r o o m  in wh ich  the  
l ights were left  on 24 hr  a day and  the  t e m p e r a t u r e  was 21 
- + I C .  

One h o u r  af te r  fesh feed was given, the  animals  were 
in jec ted  in t r aven t r i cu l a r ly  wi th  1.0 ml of  so lu t ion  in jec ted  
at the  ra te  of 0.9 m l / m i n  by  a syr inge p u m p .  All so lu t ions  
were passed t h r o u g h  a 0 .22 u pore  size ster i l izing fi l ter  
(Mill ipore C o r p o r a t i o n )  and all t u b i n g  and p robes  used dur-  
ing in jec t ions  were steri l ized in a 70% so lu t ion  of  e t hano l  

and  f lushed wi th  sterile saline pr ior  to  in jec t ion .  On con t ro l  
days the  animals  were in jec ted  wi th  syn the t i c  ce rebrosp ina l  
fluid (CSF)  [16]  and on  drug days wi th  drugs dissolved in 
s y n t h e t i c  CSF wi th  a buf fe red  pH of  a p p r o x i m a t e l y  7.3. 
The  drugs were in jec ted  t oge the r  in a single so lu t ion  in 
those  t r e a t m e n t s  involving drug c o m b i n a t i o n s .  The  injec- 
t ions  were begun  at 0930  on  each in jec t ion  day.  

Each  e x p e r i m e n t a l  day was preceded  b y  a least one  day  
on  which  no  in jec t ions  were given. No more  t han  three  
in jec t ions  were given per  week per  animal .  Con t ro l  injec- 
t ions  of s y n t h e t i c  CSF were admin i s t e red  per iodica l ly  
dur ing  the  e x p e r i m e n t  wi th  a p p r o x i m a t e l y  one  con t ro l  
in j ec t ion  af te r  every 5 drug in jec t ions .  Con t ro l  values used 
in the  s tat is t ical  analysis  were calcula ted by  averaging the  
values for  the  mos t  recen t  th ree  con t ro l  days.  Stat is t ical  
compar i sons  were made  by  using the  paired t-test.  

The  pe r i tonea l  cavi ty t e m p e r a t u r e  of  b o t h  sheep and 
ca t t le  and the  surface t e m p e r a t u r e  of  sheep were measured  
using general  and ban jo  type  the rmis to r s .  Feed weights  
were measu red  using load cells (BLH Model  U3G1) .  Bo th  
t e m p e r a t u r e  and feed weight  analog signals were conve r t ed  
and  r eco rded  f rom a digital  display (Or ion,  Model  701) .  
T e m p e r a t u r e  and feed weight  readings were t aken  60 min  
be fo re  in jec t ion ,  at i n j ec t ion  and 15, 30,  60 and 120 min  
a f te r  in jec t ion .  

R E S U L T S  

In jec t ion  of  the  ~ and  ~ agonist  1-Epi resul ted  in feeding 
wi th  sheep at two  dose ranges,  at 33 and  66 nmoles  and at 
267 and  534 nmoles ,  Table 2. Doses of  16 nmoles  of  1-Epi 
and 132 and  200  nmoles  in b e t w e e n  the  dose ranges re- 
sul ted in feeding like t ha t  of  the  con t ro l .  The  l a t ency  of  the  
feeding response  was variable  bu t  averaged a b o u t  5 min.  

The  feeding el ici ted by  534 nmoles  of  1-Epi was b locked  
by  588 bu t  no t  289 nmoles  of  p h e n o x y b e n z a m i n e ,  Table  2. 
In a previous  e x p e r i m e n t  wi th  sheep also in jec ted  in t raven-  
t r icular ly  we showed  tha t  294 and 534 nmoles ,  respec- 
t ively,  of p h e n o x y b e n z a m i n e  resul ted  in 53, 66,  98 and 98,  
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T A B L E  2 

FEED INTAKES OF SHEEP FOLLOWING INTRAVENTRICULAR INJECTIONS OF I-EPI AND 
c~ (PHENOXYBENZAMINE) AND /3 (dl-PROPRANOLOL) ADRENERGIC ANTAGONISTS 
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Intakes following inj. as a Intake 
Treatment Dose n % of 2 hr control (min) (g) ± SEM 

nmoles 0 -15  0 - 3 0  0 - 6 0  0 - 1 2 0  0 - 1 2 0  

Syn CSF 

1-Epi 

14 28 48 100 

16 8 15 41 65 100 92 ± 201 
33 8 20 46* 69* 149" 137" ± 251 
66 8 48* 102 t 118 t 192~ 177 t ± 17 ~ 

132 7 66 79 95 123 76 ± 142 
200 6 36 69 74 92 69 ±363 
267 8 60 108 141 246* 153" ± 272 
534 7 124" 145" 185" 287 t 178 t ± 192 

l-Epi + 66 
dl-Prop 974 8 100" 133 133 168 124 ± 293 

l-Epi + 66 
POB 68 7 73* 98 133 202 106 ±234 

l -Epi  + 534 
POB 289 8 51 108" 174" 272 t 201 t _+ 273 

l-Epi + 534 
POB 588 8 48 59 63 71 52 _+ 17 s 

l -Epi  + 534 
dl-Prop 974 8 177" 277 t 303 t 343 t 254 t ± 443 

*p<0.05 tP<0.01 

Corresponding 0 - 1 2 0  min controlintakes: 192 _+ 15 262-+ 10 374 -+ 19 452 +- 9 s73 ± 13 g 

and 25, 65,  118 and  136% of the  120 min  con t ro l  value at 
15, 30, 60 and  120 min  pos t i n j ec t i on ;  at  n o n e  of  these  
intervals  were the  cumula t ive  feed in takes  fo l lowing phe-  
n o x y b e n z a m i n e  d i f fe ren t  f rom con t ro l ;  however ,  feeding 
dur ing  the  6 0 - 1 2 0  min  per iod  was suppressed ( p < 0 . 0 5 )  
[4 ] .  In con t r a s t  to  the  effect  of  p h e n o x y b e n z a m i n e ,  974  
nmoles  of  d l -p roprano lo l  (dl -Prop)  in jec ted  w i th  the  1-Epi 
resul ted  in even more  feeding t h a n  wi th  1-Epi a lone  
( p < 0 . 0 1 ) .  Sheep in jec ted  in t r aven t r i cu l a r ly  w i th  975 
nmoles  of  dl-Prop or  330  nmoles  of  LB-46 ate 27,  35, 70 
and  126% of  con t ro l  values at  15, 30,  60 and 120 min  
pos t in j ec t ion ;  n o n e  of  these  in takes  were d i f fe ren t  f rom the  
con t ro l  [ 4 ] .  The  a t t e m p t s  to  b lock  the  feeding elici ted by  
66 nmoles  of  1-Epi by  e i the r  a specific a or  /3 an tagon i s t  
were no t  conclusive.  In jec t ions  of  b o t h  dl-Prop and  phe-  
n o x y b e n z a m i n e  each in c o m b i n a t i o n  w i th  1-Epi reduced  the  
1-Epi el ici ted feeding so t h a t  ne i t he r  of  the  responses  was 
s igni f icant ly  d i f fe ren t  f rom tha t  of  con t r o l  and b o t h  of  the  
reduced  responses  showed  t r ends  towards  be ing  less t h a n  
tha t  el ici ted by  1-Epi in jec ted  alone.  

An in jec t ion  of  66 nmoles  of  I-NE did no t  elicit  a feed- 
ing response  in con t r a s t  to  this  dose of 1-Epi. However ,  294  
nmoles  of  1-NE elici ted a feeding response  similar to  t ha t  of  
the  h igher  doses of  1-Epi (267 and  534 nmoles ) .  Nei ther  

1-NE precursor ,  1-Dopa or d o p a m i n e  in s imilar  dose ranges 
el ici ted feeding,  Table  3. 

In jec t ions  of  the  relat ively pure  /3 agonis t ,  dl-Isop,  in 
doses of  6.25 and  12.5 nmoles  el ici ted feeding grea ter  t h a n  
t ha t  of  con t ro l ,  Table  4. Higher doses resul ted  in on ly  nor-  
mal  con t ro l  feeding.  

Two p o t e n t  selective ~ agonists  (~2), 3,4-dihydroxy-t~- 
h y d r o x y p h e n e t h y l - t e r t - b u t y l a m i n e ,  HC1 (DPETB)  and 
[ a ( t  ert  - b u t y l a m i n o ) m e t h y l  ] -4 -hydroxy-m-xylene-a ' , a  3 -diol 
(Sa lbu t amol )  were also tes ted.  DPETB,  wi th  a te r t ia ry-  
i sobu ty l  amine  group  s u b s t i t u t i o n  for  the  i sopropy l  amine  
group  of  dl-Isop was less active as an agonist  for  el ici t ing 
feeding,  Table  4. No feeding was elici ted b y  S a l b u t a m o l  
in jec t ions  in the  doses tes ted ;  Sa lbu t amol  inc ludes  the  
add i t iona l  s u b s t i t u t i o n  of  a m e t h y l h y d r o x y l  group for  the  
me ta  h y d r o x y l  group of  DPETB. 

In those  tes ts  for  wh ich  b o d y  t e m p e r a t u r e  data  are avail- 
able on ly  one  level of  dl-Isop resul ted  in a s ignif icant  
change  and  t ha t  was an  increase,  Table  5. A l t h o u g h  the  
mean  t e m p e r a t u r e s  fo l lowing  in jec t ions  of  1-Epi were 
higher ,  the  var ia t ion  of  response  b e t w e e n  animals  was t oo  
great  for  s tat is t ical  s ignif icance.  

No single dose of  1-Epi a f fec ted  feeding in ca t t le  consis- 
t e n t l y  to  p roduce  a s ignif icant  feeding response  a l t hough  
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TABLE 3 

F E E D  I N T A K E S  O F  S H E E P  F O L L O W I N G  I N T R A V E N T R I C U L A R  I N J E C T I O N  O F  I-NE, AN o ~ A D R E N E R G I C  
A G O N I S T  A N D  ITS B I O S Y N T H E T I C  P R E C U R S O R S ,  I -DOPA A N D  D O P A M I N E  

Intakes following inj. as a Intake 
Treatment Structure Dose n % of 2 hr control (min) (g) +- SEM 

n moles 0 15 0 -30  0-60  0-120 0 120 

Syn CSF 

l-dopa 

~ H 2 14 28 48 100 

CH 2 HCOOH 
187 6 7 44 81 161 84 -+421 

294 7 42 98 50 164 86 -+ 41 l 

)H 588 7 4 6 40 121 63 + 31 ~ 

O H  

Dopamine 

1-NE 

CH2CH2NH2 

~ O  187 8 14 45 82 157 88 + 242 

H 294 7 9 39 116 166 93 +- 202 

O H  
OH 588 8 9 14 50 l l 8  66 +- 162 

I 
C H2CH2NH 2 

0 66 8 33 62 67 80 58 + 273 

H 
294 8 96 132]" 167" 182" 133" + 243 

O H  

*p<0.05 tp<0.01 

Corresponding 0-120 min control intakes: 152 +_ 9 256+- 12 373+- 13g 

there was a t rend toward higher means with  most  doses, 
Table 6. However ,  the highest dose, 3,240 nmoles,  de- 
pressed the feed intake significantly for the period 3 0 - 6 0  
min after inject ion and all the cumulat ive  means were be- 
low those of  the control .  A mixture  of  1-Epi and phenoxy-  
benzamine  also failed to elicit feeding. In previous studies 
with catt le also injected intraventr icular ly we showed that  
2,940 nmoles  of phenoxybenzamine  resulted in 55, 93, 116 
and 132% of the 120 min cont ro l  value at 15, 30, 60 and 
120 min pos t in jec t ion  [4] .  

In catt le one dose of  1-NE, 445 nmoles,  resulted in feed- 
ing greater than that  of  control ,  Table 6. Inject ions of  296 
and 593 nmoles  failed to elicit feeding. 

D I S C U S S I O N  

These exper iments  lend support  to our  previous con- 
clusions that  bo th  a and ~ agonists can elicit feeding in 

sheep [4] .  Intraventr icular  inject ions of  1-Epi elicited feed- 
ing within two dose ranges; the lower dose range is com- 
parable to the doses of  the relatively pure ¢ agonist,  dMsop,  
required to elicit feeding and the higher dose range is 
comparable  to the doses of  the relatively pure a agonist, 
1-Ne, which s t imulate  feeding. 1-Epi has nearly equal 
po tency  as an a agonist with 1-NE and as a ~ agonist with 
dl-Isop, in at least some tissues [ 1 ]. We have previously 
shown that  about  10 t imes as much  I-NE as dl-Isop was 
required to elicit feeding when injected intraventr icular ly in 
sheep [4] and that  about  30 t imes as much  1-NE as dMsop 
i n j e c t e d  in t rahypotha lamica l ly  was required to elicit 
feeding in sheep [3] .  Each of  these feeding responses 
elicited by ~ and ~ agonists injected ei ther  in t rahypothalam-  
ically or  intraventr icularly was blocked only by the corres- 
ponding a and ~ antagonists [3 ]. 

In the present exper iment  the feeding elicited by the 
highest dose of  1-Epi tested in sheep was clearly blocked by 
phenoxybenzamine ,  a specific a antagonist ,  and was actu- 
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TABLE 4 

FEED INTAKES OF SHEEP FOLLOWING INTRAVENTRICULAR INJECTIONS OF/3 ADRENERGIC AGONISTS 

Intakes following inj. as a Intake 
Treatment Structure Dose n % of 2 hr control (min) (g) +- SEM 

nmoles 0-15  0-30  0 -60  0-120 0-120 

Syn CSF 

dl-Isop 

14 28 48 100 

6.25 8 42 62 132" 260* 138" +- 21 j 

OH~ CiH 3 
_ _ _  _____CHCH2NHCH 12.50 8 25 66* 120" 177 129 +-272 

CH 3 
25.00 8 33 46 85 130 95 +- 172 

H 50.00 8 27 38 75 120 89 ± 262 

OH 

DPETB OHI CIH 3 12.50 7 10 21 

C HCH2N I'lC CH3 25.00 5 41 54 

50.00 8 31 65 

CH 3 

40 76 70 +- 243 

110" 172 158 +-383 

106" 136 71 +- 121 

OH 
Salbutamol 12.5 8 6 12 49 84 61 +- 232 

OH C I H 3 t ~ 2 N H  C 25.00 6 14 28 45 112 103 ± 263 (:H a 

~H3 50.00 8 16 22 36 74 54 +- 132 

C HaO H 
OH 

*p<0.05 

Corresponding 0-120 min control intakes: 152 -+ 9 273+- 13 392-+ 15g 

ally increased by dl-Prop, a specific ~ antagonists,  injected 
with  the 1-Epi. Similarly, the feeding elicited by 1-NE in a 
previous exper iment  was blocked by phenoxybenzamine  
but  not  by dl-Prop [4] .  Phenoxybenzamine  did no t  affect  
feeding when injected alone al though half  of  this dose 
caused hypophagia  during the 60 to 120 min post in ject ion 
period [4] .  The 1-Epi apparent ly  overcame this hypophagia  
when the two drugs were injected in combinat ion .  

We chose to inject the agonist and antagonist  at the same 
t ime to minimize  the handling and inject ions of  the animals 
and because we had shown the single inject ion m e t h o d  was 
effective for blocking the feeding effects elicited by a and 
agonists [4] .  In may pharmacological  studies using especial- 
ly phenoxybenzamine  the antagonist  was given systemically 

hours before  the agonist since comple te  blockade in at least 
some tissues only slowly develops [7] .  However ,  in studies 
on several specific tissues or organs li t t le or no t ime was 
required before  the onset  of  b lockade of  adrenoceptors  by 
phenoxybenzamine  occurred;  e.g. effects on: ( 1 ) h y p o -  
thalamic blood f low in the conscious rabbit  [ 2 0 ] ; ( 2 )  
vascular responses o f  rabbit  ear [ 15 ] ;  (3) mouse  brain 
glycolysis - decrease of  glucose concent ra t ion  within 30 
min after systemic phenoxybenzamine  [ 13 ] ; (4) blocking of 
diazoxide effect  on insulin secret ion of  perfused pancreases 
[5] ; (5) a agonists elicited cont rac t ion  of  gall bladder strips 
[ 18] ; (6) a agonist exc i ta tory  effect  on isolated sphinctor  
of  Oddi  [17 ] ;  and, (7) a agonist elicited exci ta t ion of  
electrical activity of  isolated colon [23] .  The injecting of  
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TABLE 5 

TEMPERATURE (IP) CHANGE AFTER CEREBROVENTRICULAR INJECTIONS OF c~ AND 13 
AGONISTS IN SHEEP (C) 

Min Post Injection 
Treatment Dose n Mean ± SE Mean ± SE Mean ± SE 

nmoles 0 -30  0 -60  0-120 

Syn CSF 0.0 ± 0.00 0.1 -+ 0.10 0.0 -+ 0.08 

l-Epi 267 6 0.1 ± 0.13 0.l ± 0.19 0.3 ± 0.21 
534 6 0.6± 0.32 0.3 + 0.21 0.4 ± 0.29 

l-Epi + 66 
POB 66 7 0.3 ÷ 0.20 0.2 _+ 0.63 0.2 ± 0.22 

l-Epi + 534 
POB 588 7 0.0 ÷ 0.05 0.0 + 0.09 0.l ± 0.12 

dl-lsop HC1 6 7 0.1 + 0.05 0.0 + 0.06 0.1 + 0.05 
25 8 0.1 ÷ 0.08 0.3 ± 0.08* 0.4 ± 0.14" 
50 8 -0.2 +_ 0.09 -0.5 -+ 0.19 -0.4 ± 0.22 

Salbutamol 50 7 0.0 ± 0.04 0.0 ± 0.08 0.0 ± 0.08 

DPETB 50 8 0.0 + 0.08 0.0 ± 0.06 0.1 + 0.07 

1-NE 66 6 0.1 ± 0.10 0.2 ± 0.12 0.2 +- 0.08 

1-Dopa 300 7 0.3 ± 0.30 0.3 + 0.23 - 
600 7 0.0 ± 0.03 0.1 ± 0.08 -0.2 + 0.12 

Dopamine 150 7 0.1 ± 0.07 0.0 + 0.13 0.1 ± 0.12 
300 7 0.0 ± 0.10 0.1 ± 0.20 0.3 + 0.19 
600 6 0.1 + 0.07 0.2 ± 0.11 0.0 + 0.32 

*p<0.05 

the agonist and antagonis t  toge ther  may  result  in our  
measur ing only  a relative effect  o f  the antagonis t  since 
there  would be little t ime for the antagonis t  to  equi l ibrate  
wi th  the recep tor  molecule .  We selected p h e n o x y b e n z a m i n e  
instead of phen to l amine  for  this expe r imen t  because it is 
more  soluable and we showed  in sheep,  and Booth  in rats 
[6 ] ,  that  it is equally as effect ive in b locking the feeding 
elicited by 1-NE. P h e n o x y b e n z a m i n e  causes a sustained 
b lockade  in at least some tissues [7 ] .  We have no t  at- 
t e m p t e d  to de te rmine  the dura t ion  of  its ac t ion  in the brain 
of  sheep,  however ,  1-NE injected 48 hr af ter  a p h e n o x y -  
benzamine  in jec t ion  resulted in a similar feeding response  as 
tha t  pr ior  to any p h e n o x y b e n z a m i n e  t r ea tments .  

Nei ther  of  the immedia te  precursors  of  1-NE or 1-Epi 
elicit feeding in sheep when  they  are in jec ted  over a similar 
dose  range as that  of  the end products .  It canno t  be con- 
cluded tha t  some o the r  range of  doses would  not  ef fect  
feeding in some way. It is in terest ing that  lateral ventr icular  
in ject ions  in to  rats o f  dopamine  (21.7 to 43.4 nmoles)  
resulted in feeding [ 14] .  

We have previously shown that  feeding elicited by 50 
nmoles  of  dl-Isop is specifically b locked by ei ther  974 

nmoles  of dl-Prop (a/3 antagonis t )  but no t  by 29.4 nmoles  
of  p h e n o x y b e n z a m i n e  (an a antagonis t )  [4 ] .  Therefore ,  in 
the present  expe r imen t  we pred ic ted  that  974 nmoles  of 
dl-Prop would block the feeding elicited by 66 nmoles  of  
l-Epi. Al though the 1-Epi feeding response  was reduced and 
no t  significantly d i f fe rent  f rom the  cont ro l ,  it was no t  sig- 
ni f icant ly  less than that  elicited by 1-Epi alone and the 1-Epi 
feeding response  was equally af fec ted  by 66 nmoles  of  
p h e n o x y b e n z a m i n e .  Even though  only  ¢ agonists have been  
found  to elicit feeding at doses similar to the lower  doses of  
1-Epi in sheep and a p resumably  equally active c~ agonist ,  
1-NE, at these low doses was inactive,  we did no t  show 
conclusively that  this response  fol lowing 1-Epi was only /3 
adrenergically media ted  by blocking it wi th  specific/3 antag- 
onists.  In a previous expe r imen t  larger doses of  dMsop  were 
required to elicit feeding than in the present  expe r imen t s  
p resumably  because the previous sheep were more  than  
twice as heavy and were ma t u r e  and had a larger volume of  
CSF resulting in greater di lut ion of  the drugs [4 ] .  

In a separate s tudy  it was shown  that  7.5 nmoles  of  l-Epi 
elicited feeding at medial  hypo tha l amic  loci at which  240 
nmoles ,  but  not  7.5 nmoles ,  of  1-NE also elicited feeding 
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FEED INTAKES OF 

TABLE 6 

CATTLE FOLLOWING INTRAVENTR1CULAR 
ADRENERGIC AGONISTS 

INJECTIONS OF 

Treatment 
Intakes following inj. as a Intake 

Dose n % of 2 hr control (min) (g) ± SEM 

nmoles 0-15 0 -30  0-60  0-120 0-120 

Syn CSF 

l-Epi 

1-Epi + 
POB 

1-NE 

25 58 68 100 

50 8 75 84 108 121 355 ± 123 t 
101 8 35 46 62 112 328 ± 891 
202 8 42 82 109 156 456 ± 123 ~ 
405 8 36 63 131 163 453 ± 1492 
810 8 32 56 66 145 402 ± 1362 

1620 8 48 78 10l 123 342 ± 1172 
3240 8 11 27 27 40 110 ± 712 

1014 
1014 8 29 57 59 71 203 ±1163 

296 8 22 66 69 77 210 ± 854 
445 8 29 61 69 160" 438* ± 834 
593 8 56 66 74 100 274 ± 1174 

*p<0.05 

Corresponding 0-120 min control intakes: ~293 ± 28 2278 ± 21 3286 ± 52 4274 ± 44 g 

[3 ]. However ,  unlike the feeding elicited by 240 nmoles of  
1-NE, that  elicited by 7.5 nmoles  of  1-Epi was partially 
blocked when 7 nmoles of  LB-46, a po ten t  and specific 
antagonist ,  was injected together  wi th  the  l-Epi. An injec- 
t ion of  240 nmoles  of  1-Epi also elicited feeding, but  wi th  
this dose phenoxybenzamine ,  a po t en t  c~ antagonist ,  
b locked the feeding response while LB-46 did not .  

Other  drugs known to be po ten t  # agonists, but  wi th  
selective #2 activity,  were tested for their  feeding effects.  
Both DPETB and Salbutamol  are known to be equally 
po ten t  bronchial  dialators (~2) but  much  less po ten t  as 
cardiovascular activators (#, act ivi ty)  when compared to 
dl-Isop (10, 19). Neither  of  the #2-like agonists was as ac- 
tive in eliciting feeding as dl-Isop. In o ther  exper iments  we 
have found that  much  higher doses of  Salbutamol  (555 
nmoles)  injected intraventr icular ly elicted feeding in sheep 
(a total  in 2 hr of  125 vs 51 g for CSF, n = 7, p<0 .05 ,  
unpubl ished data, Baile and McLaughlin).  Based on this 
l imited series, it may be tenta t ively  suggested that  #2 ago- 
nists are less po ten t  for eliciting feeding than dl-Isop, the 
more  general ~ agonist. 

In compar ing the doses of  the 4 agonists which have 
strong # activities., the act ivi ty of  racemates must be com- 
pared with  those of  the individual stereoisomers.  We have 
previously shown that  the 1-isomer is the active form of 
Isop [4] .  Therefore ,  because only 6.25 nmoles  o f  dl-Isop 
elicited feeding even greater than 33 nmoles of  1-Epi, it may 
be that  1-1sop is at least 10 t imes as active in our  system. 
Al though the feeding elicited by DPETB was less striking, 
this racemic agonist is probably  also more  active than 1-Epi 
assuming the 1-stereoisomer is also the more active of  these 

agonists for eliciting feeding in sheep. Also in comparing 
the effects  of  dl-Isop and 1-Epi, it should be noted that  
while higher doses of  dl-Isop result in hypophagia  in sheep 
[4 ] ,  1-Epi elicits feeding. Myers and Yaksh [ 14] repor ted  a 
b imodal  dose response to lateral ventr icular  inject ions of  
1-Epi in rats ( 1 3 . 6 - 5 4 . 6  and 1 0 9 . 2 - 8 7 3 . 2  nmoles).  In an 
accompanying  exper iment  they  found no feeding elicited 
by 4 4 . 7 - 2 8 4  nmotes of  Isop. It may be that  the feeding 
elicited by 1-Epi in rats was a ~ agonist response and the 
Isop doses tested were too  high to conf i rm the ~ feeding in 
rats. 

We have previously shown that  intraventr icularly in- 
jec ted  dl-Isop in doses of  5 0 0 - 2 0 0 0  nmoles will elicit feed- 
ing in catt le [4] .  However ,  inject ions of  1-NE over qui te  a 
large dose range, i. e. 5 0 - 3 0 0 0  nmoles,  generally resulted in 
hypophagia ;  wi thin  this range, we found that doses f rom 
3 0 0 - 8 0 0  nmoles did not  cause hypophagia ,  but  no do~e 
tested elicited reliable feeding [4] .  The universal adreno- 
ceptor  agonist 1-Epi did not  elicit feeding in catt le a l though 
it was tested over a large dose range. This may have been 
because of  a counterac t ing  effect  of  act ivat ion of  the ~ and 

receptors.  However ,  the combina t ion  inject ions of  1014 
nmoles 1-Epi and 1014 nmoles of phenoxybenzamine  were 
expected to prevent  the a agonist hypophagic  effect  and 
consequent ly  resulted in a p-elicited feeding, but  did not.  
We showed in a previous exper iment  that a mole-equivalent  
of the a antagonist  blocked the hypophagic  effect of  1-NE 
[4] .  Perhaps o ther  doses of  l-Epi and an c~ antagonist  and 
inject ion at various t imes after the antagonist  will be re- 
quired to elicit feeding in cattle. 

As we have discussed previously [4] ,  there is probably  
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no effect  of these doses of  drugs on b o d y  t empera tu re  in 
e i ther  sheep or in cattle at the loci investigated.  The present  
t empera tu re  data tend  to suppor t  this conclus ion  since it 
appears tha t  the feeding response  is certainly pr imary to 
any change in b o d y  t empera tu re .  
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