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Chlordiazepoxide Directly Enhances 
Positive Ingestive Reactions in Rats 
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BERRIDGE, K C AND D TRE1T ChlordtazeporMe due~tl~ enhame,  po~tttve mgestive rea~ttons tn rata PHAR- 
MACOL BIOCHEM BEHAV 24(2) 217-221, 1986 --Benzodmzepmes such as chlordmzepox~de (CDP) promote feeding in 
a number of species This effect has been interpreted generally to be an md~rect consequence of benzodiazepme ant~- 
anxiety action, although some have questioned whether it might not reflect instead a direct action upon the reinforcing 
properties of foods The present study employed a behavioral measure that can d~scnmmate between these possibdttles 
palatabdlty-dependent consummatory actions ehclted m rats by tastes The results suggest that chlor&azepoxlde enhances 
the positive palatability of tastes selectively whde having httle or no effect on avers~ve palat~blhty The net effect is to make 
tastes more reinforcing following CDP administration 

Chlordmzepox~de Palatabdlty Benzodmzepmes Anxiolyt~c Ingestion 

O N E  of  the first documented  effects of  anx~olyt~c agents 
such as the benzodmzepmes  was their  ability to increase the 
mgestton of  food and water  by rats and dogs (e g , [39]) 
St lmulatory effects  on food and fired retake have since been 
consis tent ly rephcated m both satmted (e g ,  [ 14, 36, 48]) and 
deprived animals (e g , [14, 40, 44]) with both novel  (e g , 
[42]) and famdlar  food (e g , [12,50]) or  fluids (e g , [17,44]), 
m novel (e g , [10,41]) and famdlar environments  [43,49], and 
m a variety of  species,  including rats (e g , [18,34]), hamsters  
[9], cats [23, 27, 35], dogs (e g , [231), pigeons [20], horses 
[11], rhesus monkeys  [26] and humans [2,45] Thus it is not 
surprising that drug-reduced increases  m ingestion under  
condit ions of  novel ty  (e g , [10]) or  pumshment  (e g , [48]) 
have been taken as stmple m&ces  of  anxlolytlc drug action 
(e g ,  [10,41]) 

The facd~tatory effects  of  anxtolyt~cs on food and flmd 
consumpt ion  have tra&t~onally been interpreted m terms of  a 
drug-reduced reduct ion m the avers~ve components  o f  the 
test (e g ,  novel ty ,  shock-mduced  confl ict ' ) ,  which other-  
w~se suppress consumpt ion  (e g ,  [10]) Whde th~s interpre- 
tation is plaustble to the extent  that compounds  such as the 
benzodmzepmes  do have well documented  antt-anx~ety ef- 
fects m humans (e g ,  [29]), it has also been argued that 
anx~olyttcs m~ght enhance  ingestive appet i t ive behaviors  and 
consumpt ion  through a &rect  s t lmulatory effect on the 
b~ologlcal mechamsms  controlhng food and fired retake (e g , 
[15, 16, 46, 49]) The empirical  support  for these a l te rna twe 
wews  ~s complex  [1. 12, 15, 16, 26, 36, 40, 49], and often 
cont radic tory  (e g , [19] vs [42]), but w~thout a successful  
resolution of  th~s con t roversy  ~t ~s dlff~cult to mterpret  the 
hyperphag~c and hyper&pslc  effects o f  benzodmzepmes ,  and 
equally difficult to use measures  of  ingestion confident ly as 
measures  of  the ant~-anx~ety mechamsms  of drugs (cf 

[47,49]) Methodologies  employing simple retake measures  
of  ingestion are unable to resolve this con t roversy ,  since 
retake measures  are expec ted  to be affected equally by 
anti-anxiety and by food-reinforcing actions of  any drug 

A useful method  for assessing spectfic changes m palata- 
bility ~s provided  by the mgest tve and avers~ve consumma-  
tory actions that are ehc~ted m rats by mfuston of  solutions 
into the mouth  [31] These  actions are highly sens~ttve to the 
palatabdlty of  the refused solution [30] A response  profile 
can be cons t ruc ted  for a g~ven taste by counting the inci- 
dence of  each ingest ive and avers~ve action ehc~ted by that 
taste When th~s ~s done for naive rats the profiles obtained 
for tastes of  differing preference  (e g ,  glucose,  sodmm 
chloride,  a m m o n m m  chloride,  and quinine hydroch londe)  
parallel retake measures  closely [7] These  species-typical  
consummatory  actions are affected approprmtely  by the 
same physiological  state varmbles  that shift human ratings of  
palatability, such as caloric satiety or sodmm balance [4, 8, 
13, 32] They are also affected by those con&t loned  assocm- 
tJons be tween  tastes and postmgest~ve consequences  that 
influence human palatabd~ty ratings, such as cond~tloned 
taste avers ions  [7, 28, 32, 37] Equally Important  for the 
purposes  of  this study, these acttons appear  generally not  to 
be affected by condl t toned factors that would not  change 
human palatabdlty ratings [38] for example ,  assocmtlons of  
the taste of  sucrose w~th shock or  w~th lactose intolerance do 
m~t shift the actions elicited by sucrose from ingestive to 
avers~ve, even  though the assocmt~ons do suppress sucrose 
retake (and may terminate  premature ly  a purely ingestive 
sequence  [37]) 

The specific control  of  these responses  by palatabdlty 
provides  a way of  dissecting the psychological  nature of  the 
hyperphaglc  effect of  CDP administrat ion Diffusely aver- 
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slve states that suppress food intake, such as anxiety or fear 
mduced by footshock pairing, either do not change consum- 
matory actions elicited by tastes [37] or else suppress equally 
both positive and averslve actions (suggested by the prema- 
ture termination of drinking of a shock-pa~red taste, w~thout 
a shift in the proportum of mgestwe and averswe actions, 
reported by Pelchat and colleagues [37] and supported by 
personal observations) These consummatory actions may 
thus provide a more accurate index of CDP effects on 
palatabd~ty than intake measures If the stimulatory effects 
of  CDP upon feeding are due entirely to its anti-anxiety ac- 
tion, then the administration of a CDP dose that reliably m- 
creases retake would be expected e~ther to leave mfuslon- 
ehc~ted actions unchanged or to enhance equally both lnges- 
twe and averswe actions On the other hand. if the effect of 
CDP upon intake depends dwectly upon appetite or 
palatablhty-related reinforcing mechamsms, then the admin- 
istration of  a CDP dose that increases retake would be ex- 
pected to bias the consummatory action profile toward posi- 
tive ingestive responses 

METHOD 

Antmal~ 

Eight naive male Sprague-Dawley rats (250-300 g) were 
housed in groups of 2-3 throughout the experiment and 
allowed ad lib access to food and water To allow taste solu- 
tions to be infused into the mouth, each rat was anesthetized 
with ketamlne (10 mg/kg) and acepromazme (1 mg/kg) and 
implanted with two permanent oral cannulae [31] These 
bilateral cannulae enter the mouth lateral to the first maxd- 
lary molar and exit the head at the dorsal skull, where they 
are anchored with skull screws and acrylic cement The can- 
nulae provide channels into which fine tubing (PE 10) can be 
fitted, permitting the infusion of solutions [31] 

Taste Stunuh and CDP Do~age 

Three different taste stimuli were used 0 03 M sucrose, 
which ehclts ingestive actions primarily, 0 01 M HCI (mildly 
sour to humans), which elicits both ingestive and averslve 
actions, and 3x 10 ' M quinine HCI, which elicits averslve 
actions primarily All concentrations were chosen to be the 
lowest that would rehably elicit taste-appropriate actions 
Low concentrations were used m order that any behavioral 
facihtatlon effects of CDP would not be obscured by ceiling 
effects 

Each rat received one stimulus presentation trial per day 
Each taste stimulus was tested twice once 30 mln after the 
rats received CDP (10 mg/kg, IP) dissolved in tsotomc sahne 
(1 ml/kg), and once after receiving an equal volume of sahne 
alone These trmls were run in counterbalanced order The 
CDP dose was chosen on the basis of previous reports show- 
mg it to be wtthln the range that rehably promotes feeding- 
related behavior in rats (e g , [14, 16, 18, 19, 20]) Prior to 
testing, each rat received three CDP injections (one per day) 
to induce tolerance to mxttal sedative effects [24] 

Apparatus 

At testing, a rat 's cannulae were connected to a stimulus 
dehvery tube, and the rat was allowed to habituate for 5 mm 
to the clear plastic test chamber A 1 ml volume of the taste 
solution was then infused into the mouth at a constant rate 
over I mm Each rat was habituated to this procedure on two 

consecutive days prior to testing, using distdled water as the 
taste stsmulus The behavior of a rat was videotaped during 
testing via a mirror mounted beneath the transparent floor of 
the test chamber 

Behavtoral ( ttterta 

Each rat was scored for the occurrence of ingestive and 
avers~ve actions Strongly ingestive actions are paw hcklng, 
lateral tongue protrusions (nonrhythmlc) past the hp fol- 
lowed by forward extension, lasting 164-+9 msec 
(mean_+SEM), and rhythmic tongue protrusions along the 
mldltne, with a cycle length of 166-+7 msec A weakly inges- 
tive or neutral action is rhythmic mouth movement w~thout 
tongue protrusion at the same or lower frequency as 
rhythmic tongue protrusion A behavior scored as neutral or 
weakly averslve Is passive drip, the passive leakmg of fired 
from the mouth Strongly averslve actions are gapes large 
openings of the mandible and retraction of the lower hps 
lasting 124-+8 msec, chin rubbing bringing the mouth m di- 
rect contact w~th the floor and projecting the body forward, 
face washmg either a single wipe with the paws or a bout of 
several wipes, forehmb flails shaking of the forehmb w~th a 
frequency of  greater than 60 Hz, headshaklng at greater 
than 60 Hz, paw treading planting ol the forehmbs on the 
floor and alternating forceful strokes forward and back, and 
rapid locomotion about the chamber (cf [30,31] for further 
information on the classsficatlon of these actions) 

Data Analx sts 

Videotapes were scored at 1/10 speed by an observer 
bhnd to the drug condition of the rats For the purpose of 
quantifying the number of responses emitted, d~screte ac- 
tions such as lateral tongue protrusions, gapes, chin rubs, 
and bouts of face washing, forehmb flailing, headshakes, 
paw treading, and locomotion were recorded each t~me they 
occurred Continuous actions that typically persist for rela- 
tively long periods were recorded as follows paw hcks, 
mouth movements, and passive dripping were recorded m 
5-sec bins (any occurrence of these behaviors up to 5 sec 
duration was counted as a single occurrence) Rhythmsc 
tongue protrusions were scored m the same way m 2-sec bins 
[61 

RESULTS 

CDP increased the number of mgestwe actions ehc~ted by 
all tastes while either suppressing or leawng unchanged the 
number of averswe actions (Fig 1) For sucrose, slgmfi- 
cantly more ingestive rhythmic tongue protrusions (p<0 02, 
Wdcoxon matched-pairs test), lateral tongue protrusions 
(p<0 02), and mgestwe actions combined (l e , paw hcks, 
rhythmic tongue protrusions, and lateral tongue protrusions 
added together, p < 0  01), were elicited after CDP than after 
saline inJections Avers~ve actions were not affected s~gmfi- 
cantly, either individually or combined For HC1. ingestive 
rhythmic tongue protrusions (p<0 02) and lateral tongue 
protrusions (p<0 02) were again increased by CDP, as were 
ingestive actions combined (p<001)  Avers~ve forehmb 
,'lalls to HCI were reduced by CDP (p<0 05), as were aver- 
sive actions combined (p<0 05) For quinine, ingestive 
rhythmic tongue protrusions (p<0 05), lateral tongue 
protrusions (p<002),  and ingestive actions combined 
(p<0 02) were increased by CDP, while aversive actions were 
unchanged either individually or combined 
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FIG 1 Taste-ehclted actions Columns represent mean (+_SEM) 
number of actions ehclted by each taste Ingestive actions are pay, 
hcks (PL), lateral tongue protrusions (LTP). and rhythmic tongue 
protrusions (TP) Neutral or compromise responses are mouth 
movements (MM) or passwe drip (PD) Averslve act|ons are gapes 
(G). chin rubs (CR), face washing (FW) forehmb flails (FF), head- 
shakes (HS) and locomotion (LO) One, two, or three dots denote 
s~gmficance at 0 05, 0 02, and 0 01 

DISCUSSION 

Does C D P  p rom ot e  eat ing by e n h a n c i n g  d i rec t ly  the  posi- 
t ive pa la tabi l i ty  of  foods  '~ The  p resen t  da ta  sugges t  tha t  it 
does  A shift  in the  c o n s u m m a t o r y  ac t ion  profi le was  seen  
for  eve ry  tas te  s t imulus  af te r  C D P  a d m l m s t r a t m n  Inges t ive  
ac t ions  were  inc reased  s ignif icant ly  each  t ime A v e r s l v e  ac- 
t ions  were  less af fected ave r s ion  d e c r e a s e d  s ignif icant ly  for 
on ly  one  tas te ,  HC1, and  suc rose  s h o w e d  an a p p a r e n t  but  
nons ign i f i can t  r educ t ion  Quin ine ,  the  mos t  re l iable  el ic i tor  
of  ave r s lve  ac t ions ,  s h o w e d  no d e c r e m e n t  in ave r s ion  af ter  
CDP  a l though  there  was a c lear  i n c r e m e n t  in inges t ive  ac- 
t ions  The  lack of a c lear  r educ t ion  in ave r s lve  r e s p o n s e s  is 
unl ikely  to be  due to a f loor  effect ,  s ince  at least  some  o the r  
pha rmaco log ica l ly - r educed  inc reases  in pos i t ive  pala tabi l i ty  
are a c c o m p a n i e d  by  a comple t e  e h m l n a t l o n  of  ave r s ive  re- 
sponse s  [4] This  lmphes  tha t  ave r s lve  ac t ions  in this  exper-  
iment  are  r ema in ing  a b o v e  the i r  t rue f loor  

T h e  fac t  tha t  pos i t ive  ac t ions  are e n h a n c e d  s t rongly  by  
CDP while ave r s lve  ac t ions  are less rel iably af fec ted  may  
indica te  tha t  CDP  acts  upon  only  hal f  of  the  pa la tabi l i ty  
eva lua t ion  m e c h a n i s m  R e c e n t  r epor t s  have  sugges ted  tha t  
t a s tes  ac t iva te  two sepa ra te  eva lua t ion  sys t ems ,  which  make  
i n d e p e n d e n t  dec is ions  regarding,  respec t ive ly ,  the  pos i t ive  
and  nega t ive  a spec t s  o f p a l a t a b l h t y  [5,6] These  sepa ra te  sys- 
t ems  compe te  for  exp re s s ion  in tas te-e l ic i ted  ac t ion  The  hy- 
po thes i s  of  separa te  pala tabi l i ty  p rocess ing  sys t ems  has  re- 
ce ived  suppor t  f rom bo th  neurologica l  and  pha rmaco log ica l  
da ta  [3,50] The  p re sen t  da ta  suggest  tha t  CDP  ac ts  to 
e n h a n c e  the  posi t ive  eva lua t ion  of  pa la tabd l ty  whi le  hav ing  
little or  no effect  on the  ave r s lve  eva lua t ion  The  re la t ively  
small  r educ t ion  in ave r s lve  r e s p o n s e s  to HCI (and poss ib ly  to 
suc rose )  may  be  due  to a compe t i t i ve  exc lus ion  (or  specif ic  
inhibi t ion)  of  avers ion  by the  e n h a n c e d  pos i t ive  eva lua t ion  
(cf  [6]) This  in t e rp re ta t ion  is suppo r t ed  by the  o b s e r v a t i o n  
tha t  qu in ine ,  which  elicits a h igher  rat io  of  ave r s lve  to inges- 
t ive ac t ions ,  shows  no  reduc t ion  in ave r s ion  af te r  C D P  even  
though  inges t ive  ac t ions  are inc reased  In this  case ,  the  in- 
c reased  posi t ive  compe t i t i on  induced  by CDP may  not  be 
suff icient  to suppress  a s t ronger  c o n s t a n t  level of  ave r s ion  

The  sugges t ion  that  CDP  e n h a n c e s  the  pos i t ive  palatabi l-  
ity of  foods  car r ies  impor t an t  lmphca t lons  for  In te rp re ta t ion  
of  an imal  " ' m o d e l s "  of  an t i -anx ie ty  drug ac t ion  tha t  involve  
mo t iva t i on  for food or  wa te r  Fo r  example ,  in the  Gel ler  
confl ic t  test ,  where  r e s p o n s e s  are bo th  re in forced  with food 
and  pun i shed  with electr ic  shock ,  our  da ta  raise ques t ions  
c o n c e r n i n g  w h e t h e r  the  inc rease  in r e spond ing  o b s e r v e d  
af te r  the  admin i s t r a t ion  of  an t l -anx le ty  agents  is due to a 
specif ic  inh ib i to ry  effect  on  fear  mot iva t ion ,  a specif ic  
f ac lh ta to ry  effect  on  food mot iva t ion ,  or a comp lex  mix ture  
of  bo th  effects  This  ambigu i ty  o f  in te rp re ta t ion  is mos t  
t r o u b l e s o m e  when  the  an imal  " m o d e l "  is be ing  used specif-  
ically to s tudy the  me~ hamsms  oJ anlt-atL~tet~, drug ac t ion  
U n d e r  these  c i r cums t ances ,  it s eems  par t icular ly  impor t an t  
for  the r e s e a r c h e r  to rule out  the  possibi l i ty  tha t  the  drug  
effects  o b s e r v e d  In the animal  tes t  pa rad igm a te  due,  in 
whole  or  m par t ,  to an effect  on p roces se s  more  c losely  
re la ted  to appe t i te  r a the r  than  to anxie ty  (cf  [16 .22 ,  40, 46, 
47, 49]) In view of  the  p re sen t  resul ts ,  and the  resul t s  of  
o the r  s tudies ,  ~t might  be more  eff icient  to try to deve lop  new 
animal  measu re s  of  an t i -anx ie ty  effects  tha t  do not  involve  
food mot iva t ion  (e g , [21, 25, 47], for  a rev iew see [46]) 

Final ly ,  the p re sen t  resul t s  may  have  impl ica t ions  for cur-  
rent  theor i e s  of  the neura l  m e c h a n i s m s  of  food mo t iva t i on  It 
s eems  poss ib le  tha t  some of  the  fac lh ta to ry  effects  upon  
p o s t u r e  pa la tabd l ty  seen  in the p resen t  inves t iga t ion  reflect  
an in te rac t ion  of  C D P  with the pu ta t ive  - b e n z o & a z e p t n e -  
G A B A  r e c e p t o r - l o n o p h o r e  c o m p l e x "  [33] If  the  se lec t ive  
fac lh ta to ry  effect  of  CDP  upon  posi t ive  c o n s u m m a t o r y  reac- 
t ions  of  ra ts  can  be a t t e n u a t e d  with a specif ic  benzod l azep lne  
r ecep to r  b locker  (e g , RO 15-1788), the  neu ropha rmaco log l -  
cal specif ici ty  of  the effect  would  have  to be  cons ide red  sen-  
ously  Clear ly ,  such resul ts  would suggest  an i m p o r t a n t  new 
pe r spec t ive  f rom which  to pu r sue  the neurologica l  mech-  
a m s m s  of  feed ing  and  dr ink ing  
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