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PARKER, L A AND T CARVELL Orofitctal and somatw responses ehctted by hthtum-, mcotme- and amphetamine- 
patted sut rose ~olutton PHARMACOL BIOCHEM BEHAV 24/4) 883-887, 1986 --Amphetamine and mcotme share the 
characteristics of both producing a conditioned taste avoidance response (CTA) v~a their actmn w~thm the blood-bram- 
bamer (BBB) whereas hthmm produces a CTA via its action outside of the BBB Although, at the doses employed, all three 
drugs produced equally strong CTAs, amphetamine (3 mg/kg)- and mcoune ( I mg/kg)-patred 0 5 M sucrose solutmn ehc~ted 
a s~mdar pattern of orofac~al and somauc responses which d~ffered from that pattern ehctted by a hthmm (127 2 mg/kg)- 
paired sucrose solution Sucrose paired with e~tber amphetamme or mcotme ehctted suppressed ingestion responses of 
tongue protrusion and paw hckmg, but did not ehc~t enhanced rejection responses On the other hand, sucrose pmred w~th 
hth~um ehoted not only suppressed mgest~on responses, but also a pattern of enhanced rejection responses of chm rubbing 
and paw treading The results suggest that the CTA estabhshed by hthmm ~s quahtattvely different than the CTA estab- 
hshed by amphetamme or mcottne 
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DRUGS from a w~de variety of pharmacological classes can 
produce a condmoned avoidance response when paired with 
a flavored solution, (e.g., [7]). However,  the standard con- 
dltloned taste avoidance test (CTA) measure does not differ- 
ent~ate among pharmacologically d~sstmdar drugs because 
most agents effectively produce suppression of drinking of a 
flavored solution w~th which they were previously paired. 
Since both lithium and amphetamine elicit a conditioned 
avoidance response, Parker [13,14] investigated the nature of 
the somatic CRs ehoted  by either hthium-paired flavors or 
amphetamme-pmred flavors to determine whether or not 
they were similar. Parker [13,14] found that rats injected 
with hth~um demonstrated a chin rub CR, whereas those 
injected w~th amphetamine did not show a chin rub CR. This 
finding suggests that these drugs possess different sensory 
quaht~es which become associated with the flavored solu- 
tion 

A chin rub response ~s also ehclted by unconditioned bit- 
ter tasting qmnme solutions [10]. In the taste reactivity test, 
described by Grill and Norgren [10] and Bemdge,  Grdi and 
Norgren [3], palatable taste stimuh, such as a sucrose solu- 
tion, ehclted a d~stinctive pattern of  mgestwe responses On 
the other hand, unpalatable taste st~muh, such as qmmne 
solution, elicited a dist~nct~ve pattern of rejection responses 

which facilitated the removal of the taste sttmuh from the 
oral cavity Among the re.lection pattern of responses are 
chin rubs Because of  the similarity m response patterns that 
rats demonstrate to a bitter quinine solution and to a 
hthtum-paired flavored solution, Garcia, Hanklns and 
Ruslmak [8] and Grill and Norgren [10] suggested that the 
flavor avoidance produced by hthtum is medmted by a 
hedomc shift tn the palatability of  the flavored solution. That 
is, the flavored solution becomes distasteful to the rat due to 
its association with lithium. The absence of  chin rubs when 
amphetamine serves as the US drug suggests that a palata- 
bdlty shift does not mediate an amphetamine-based CTA 

Smith and Parker [18] measured somatic CRs ehcited by 
flavored solutions pa~red with each of a variety of drug 
agents, the agents employed were apomorphme, 
scopolamme, physosttgmme, methylscopolamme and neo- 
sttgmlne Each of the agents employed was capable of produc- 
ing chin rub CRs Since methylscopolamme and neostlgmme 
are incapable of crossing the blood-brmn-barner (BBB), the 
authors suggested that chin rub CRs may be produced by 
activat~on of a mechanism which is sensitive to agents which 
act outside of the BBB Th~s posslbthty ~s especially interest- 
mg because, although hthmm chloride is capable of crossing 
the blood-bram-bamer, Smith [17] has demonstrated that a 
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hthlum based CTA is mediated by the peripheral, rather than 
the central, effects of hthlum Smith [17] reported that mira- 
peritoneal (IP) admln|stratlon, but not mtracerebroven- 
trlcular (ICV) admmlstrat |on,  of  lithium produced a CTA 
The plasma lithium concentration was h~gher 0 5, 1 5 ,lnd 
4 hr after the inJection when hth~um had been admln|s- 
tered IP than when it had been admln|stered ICV, while the 
reverse was true for the brain and cerebrospmal fired ¢CSF) 
hthmm concentration. Lithium-induced CTAs appear to be 
mediated by activation of  the area postrema which Is sense- 
live to blood-borne toxins and may be activated by agents 
which are incapable of crossing the BBB [6J On the other 
hand,  although amphetamine has both peripheral and central 
effects, depletion of  the central dopammerglc system, by 
ICV mject,ons of 6-Hydroxydopamme [20J or by dorsolat- 
eral tegmental lesions [21], prevents the estabhshment of 
amphetamine-reduced CTAs, but not hth~um-mduced CTAs 
Furthermore. para-hydroxyamphetamme which penetrates 
the BBB poorly is much weaker than amphetamine m 
producing a CTA [5J These findings have led investigators 
to suggest that amphetamine produces its CTA predomi- 
nantly by means o f tbe  activation o fa  mechamsm within the 
BBB (see [7]) 

Nicotine is another peripherally and centrally acting drug 
which appears to produce a CTA by means of  the actlvat |on 
chohnerglc systems within the blood-brain-barrier [I 1[ A 
nicotine-induced CTA was blocked by mecamylamme, a 
ganghon-block~ng drug which penetrates the CNS, bul was 
not blocked by hexamethomum, a ganghon-blockmg drug 
which penetrates the BBB poorly Since the peripheral 
blocking agent did not block the development of a nicotine- 
induced CTA. Kumar et al [1 I] suggested that the central, 
rather than the peripheral, actions of nicotine were respon- 
sible for producing a CTA Therefore, since n|cotme and 
amphetamine may produce a CTA by means of activation of 
a mechamsm within the BBB, we were Interested in deter- 
mining whether they would also produce similar orofac~al 
and somatic CRs when the drug paired flavors were pre- 
sented in the Taste Reactivity Test (TRT) presented by Grill 
and Norgren [10] and later refined by Berndge and Grill [4] 

The taste reactivity test has shown that the pattern of 
orofaclal and somatic responses el|cited by flavored solu- 
tions differs on the basis of  their palatablhty ~e g , [411 A 
h~ghly palatable sweet sucrose solution elicits an |ngestlon 
pattern of responses which includes tongue protrusions and 
paw hck|ng An unpalatable bitter quinine solution ehc~ts a 
rejection pattern of responses which includes chin rubbing, 
gaping and paw treading Flavored solutions that have prev,- 
ously been paired with hthlum chloride elicit a pattern of 
rejection responses that resembles those el|cited by b~tter 
quinine solutions (e g .  [ 10]) In the following experiment. 
the above ingestion and rejection responses were used to 
classify the pattern oforofaclal and somatic CRs elicited by a 
nicotine-, amphetamine- or hthlum-palred sucrose solution 

METHOD 

Sub.le~ ts 

Fifty-four male Sprague-Dawley rats, obtained from 
Charles River Labs. Quebec, were housed individually in 
stainless steel cages In a room w~th a 12 hr ON/OFF hght 
schedule The rats weighed 278-325 g on the first condition- 
ing day For the duration of the experiment, the subjects 
were maintained on ad lib access to Purina Rat Chow and 
water except where stated otherwise 

Appat atu ~ 

Adaptation and testing trials took place m a teslmg room 
which contained the glass test chamber (22 5×26×20 cm), 
the chamber was covered with a Plexlglas ceiling "Io facilitate 
viewing of the rat's ventral surface, a m~rror was located at an 
angle below the chamber A v~deocamera was also focused on 
the m~rror to monitor the rat's orofacml and somatic re- 
sponses A H~tach~ HV-62 vldeocamera transmitted the 
image through a vldeocassette recorder (JVC-CR 6060 U) m 
an adjacent room to an Electrohome 17 in momtor 

Pl 'o( ' ( ,d l~  l (~ 

Su~geo" One week alter their arrival m the laboratory, 
the rats were surgically ~mplanted w~th mtraoral cannulae as 
d e s c r i e d  by Parker [12] The rats were permitted ~o recover 
for a period of at least 3 days, dunng which they had flee 
access to fi~od and water On the final recovery day. the 
cannula of each rat was flushed with wa(er to prevent block- 
age by food particles 

Cond~tummg trtal.~ The 54 rats were randomly assigned 
to s~x groups CS+ L~thium (n=10), CSc Llthmm In=9). 
CS+ N~cotme ~n=9~, CSc N~colme In=8) CS~ Am- 
phelam~ne (n=9), CSc Amphetamine (n=9) The ra~s re- 
ceived three conditioning trials, w~th one day mtervemng 
between each trial 

During the conditioning trmls, each rat had a I M long 
infusion hose connected to ~ts cannula The rat then received 
a 5 ml mtraoral infusion of 0 5 M sucrose solution over a 5 
mm period at a rate of I ml/m~n Immediately after the su- 
crose infusion, each rat received an mtraper~toneal (IP) m- 
ject~on of  an approprmte drug solution. The rats m the C S -  
groups received 127 2 mWkg of 0 15 M hth~um chloride m 
solution w~th d~st~lled water al a volume of 20 ml/kg, 3 0 
mg/kg of d-amphetamine m solution w~th sahne at a volume 
of 18 ml/kg, or I 0 mWkg of mcotme m solution with sahne at 
a volume of 18 ml/kg The rats m the CSc groups were re- 
jected IP w~th 18 ml/kg of  physiological sahne ~mmed~alely 
after the sucrose infusions 

Twenty four hours after each condlt~omng trial, the rats m 
the control groups CScL, CScA and CScN received a 127 2 
m~kg IP mject~on of hthmm, a 3 mWkg IP mjecDon of am- 
phetamine or a I mg/kg IP mject~on of mcotme, respectively. 
but these mject~ons were not pa~red w~th the sucrose infu- 
sion These mject~ons were matched by an 18 ml/kg IP sahne 
mject~on m the C S + L ,  C S + A  and C S + N  groups of rats 

Adaptat ton tttal.s Adaptation to the test chamber began 
three days after the final cond~t~omng trml and continued for 
each of three consecutive days prior to the test trial During 
each adaptation trial, each rat was removed t?om ~ts home 
cage and placed m the test chamber Once the rat was ms,de 
the chamber a I m long infusion hose was connected to ~ts 
cannula One minute after the hose was m place, each rat 
received a 2 ml infusion of water over 2 mm v~a a Sage 
Infusion Pump set at a flow rate of I ml/mm The rat was 
then returned Io ~ts home cage and the test chamber was 
cleaned and dried 

Ta.~te ~ea~ ttv~tv te.~t t~tal On the day following the final 
adaptation trial, the rats were tested for orofac~al and soma- 
t~c CRs ehc~ted by sucrose solutions Each rat was placed m 
the test chamber and, one minute later, ~t received an 
mtraoral infusion of 0 5 M solution of  sucrose for 2 mm at a 
rate of l ml/mm The rats responses were v~deota~d at th~s 
t i m e  
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FIG 2 Mean cum~at~ve amount (ml) of sucrose solution consumed 
~ ° l ~  i 1 by the various groups at each of mtervals 15, 30, ~ and 120 mm T ~  
, o ~ *  sohd hnes depict the CS+ groups a ~  the broken hnes depict the 

C ~  ~oups The US drag employed was Lithium (&), Nmotme (~ 
or Amp~tamme (I )  

PL G 
I~ESTION REJECTI~ 

FIG 1 Mean duration (sees) of the mgest]on responses of Tongue 
Protrusions (TP) and Paw Licking (PL) and mean frequency of the 
rejection responses of Gaping (G), Paw Treading (PT) and Chin 
Rubbing (CR) ehcited by sucrose infusions ]n the CS+ (closed bars) 
and the CSc (open bars) Groups which received Lithium, Nicotine 
and Amphetamine dunng the cond]t]omng trials 

The orofaclal and somatic responses that were measured 
were among those described by Berrldge and Grill [4] The 
two patterns of responses whmh we will report were an in- 
gestion and a rejection pattern. The ingestion pattern of re- 
sponses which we measured included tongue protrusions and 
paw hcks Tongue protrusions (TP) may be rhythmic and 
symmetrical with the tongue covenng the upper incisors or 
nonrhythmlc lateral protrusions of the tongue on either side 
of the mouth. Paw licking (PL) ts defined as the paws being 
held close to the mouth and lapped. 

The rejection pattern of responses which we measured 
includes the orofacial response of gaping and the somatic 
responses of chin rubbing and paw treading. Gaping (G) re- 
volves the rap~d large-amphtude opening of the mandible 
with the corners of the mouth retracting, forming a triangular 
shaped mouth The somatic response of chin rubbing (CR) 
]s defined as the lowering of the head which brings the mouth 
into direct contact with the floor or the wall and projecting 
the body forward. Paw treading (PT) is defined as the rat 
extending one forehmb forward against the floor and retract- 

ing the other back, actively rubbing the forepaws on the 
floor 

Flavor ovotdance test trial Twenty-four hr after the taste 
reactivity test trial, each rat was deprived of water for 2 hr 
before being presented with a weighed water bottle filled 
with a 0 5 M solution of sucrose. The amount that each rat 
consumed was measured at 15 mm, 30 mm, 60 min and 120 
ram. 

Data analysts. The videotaped records of each rat 's re- 
sponses during the taste reactivity test trial were scored by a 
rater blind to the experimental conditions The data for each 
orofacial or somatac response was analyzed as a 2x3 
ANOVA with the factors of CS condition (CS+, CSc and 
the US condition (hthtum, mcotme and amphetamine). The 
flavor avmdance test data was analyzed as a 2 x 3 x 4 repeated 
measures ANOVA for intervals 15 ram-120 mm with the 
factors of CS condition x US condition × Test intervals. For 
all statistical tests, the criterion, level was p < 0  05. 

RESULTS 

Taste reactwity test. Figure I presents the mean duration 
(sees) or the mean frequency of each behavior scored when 
the US drug was hthium, nicotine or amphetamine The 
closed bars depict the CS+ groups and the open bars depict 
the CSc groups. The data ~n the lefthand section of F~g. 1 
represent the mean duration (sees) of ingestion responses 
and the data tn the righthand section of Fig. i represent the 
mean frequency of rejection responses. 

The two ingestion responses of Tongue Protrusions (TP) 
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and Paw Licktng (PL) showed evtdence of mod~ficatmn 
through cond~t~ontng The 2 × 3 ANOVA of both the TP and 
the PL data revealed a stgmficant CS Condtt~on effect, TP 
F ( 1 , 4 8 ) = 4 0 7 . p < 0 0 0 1 , P L  F(1,48)=69. p < 0 0 1  T h e C S +  
Groups spent less ttme demonstrating tongue protrusions 
and paw hck~ng than dtd the CSc groups regardless of the US 
drug condtt~on No other main effects or interacUons were 
s~gntficant. 

The three rejection responses measured were the mean 
frequency of  Gaping (G). Paw Treading (PT) and Chin Rub- 
btng (CR) Only the PT and CR measures showed evidence 
of conditioning The 2×3 ANOVAs revealed a s~gntficant CS 
Cond~tton × US Condtt~on ~nteract~on for the paw treading 
scores, F(2,48)=4 05, p < 0  025, and for the chin rubbing 
scores, F(2,48)= 120 5 , p < 0  001 For both measures, subse- 
quent t-tests (using a pooled error term) revealed that Group 
C S + L  showed a greater frequency of responding than all 
other groups (p ' s<0 01) 

Flavor avotdance lesl The mean cumulative amount of 
0 5 M sucrose solution consumed at each ~nterval of testtng 
~s presented ~n Fig 2 The sohd hnes represent the CS+ 
groups and the broken hnes represent the CSc groups A 
2 x 3 × 4  repeated measures ANOVA revealed a slgmficant 
CS Condition effect, F(1,48)=47 6, p<0.001, and a s~gntfi- 
cant CS Cond~tmn × Intervals effect. F(3,144)=254, 
p < 0  001 The CS+ groups drank less sucrose overall than 
d~d the CSc groups and the dtfference ~ncreased across ~nter- 
vals of  drtnk~ng However,  the groups dtd not differ on the 
bas~s of  the US drug condition The strength of the 
avotdance response d~d not d~ffer among the d~fferent CS+ 
groups 

DISCUSSION 

Although hth~um, mCOtlne and amphetamine produced 
condtt~oned flavor avotdance responses whtch were equtv- 
alent m strength, they produced dtfferent taste reactw~ty re- 
sponses When amphetamine or mcot~ne were the US drugs. 
the mgestton response of  tongue protrustons was suppres- 
sed, but no rejectton responses were observed On the other 
hand. when hthlum was the US drug not only were the in- 
gestion responses of  tongue protrustons suppressed, but also 
the rejection responses of  chtn rubbtng and paw treading 
were enhanced 

The results clearly indicate that amphetamtne- and 
ntcot~ne-paired sucrose solution ehc~ts a s~mllar pattern of  
orofac~al and somatic responses whtch d~ffers from the pat- 
tern of resl:,onses ehc~ted by hth~um-pa~red sucrose solution 
Although each drug-pa~red flavor ehc~ted suppressed ~nges- 

t~on responses, only the llthmm-pmred flavor ehc~tcd the re 
jectmn pattern of responses Since the suppressmn of mges- 
t~on responses probably reflects a s~mllar process which is 
measured by the avoidance test. the suppressmn of these 
responses d~d not d~fferenttate among the drugs that were 
employed The enhancement of rcjectmn responses, how- 
ever, d~d d~fferent~ate among the drugs If the occurrence of 
the rejection pattern tnd~cates a palatabdlty sh~ft, as has been 
suggested by Grill and h~s colleagues [2, 3. 4. 101. one can 
argue that the avoidance of  mcotme- and amphetamine- 
paired flavors ~s not mediated by a palatabd~ty sh~ft 

One of the characteristics that amphetamine and mcotme 
share ~s that they are drugs which ammals wdl self- 
adm~mster (e g . [9J) Smith and Parker 117] suggested that 
CTAs produced by such postt~vely retnforc~ng drugs may not 
be mediated by a palatabd~ty sh~fi of the drug-pa~red flavored 
solution and. therefore, not support chin rubs The results of  
the above experiment support this suggestion, s~nce the am- 
phetam~ne- and mcotme-pa~red flavored solution d~d not 
ehc~t the rejection pattern of orofacml and somatic CRs that 
arc ehc~ted by unpalatable flavored solutmns 

Another shared charactertst~c of amphetamine and 
mcotme ~s that they both may produce CTAs by means of 
their action w~thm the blood-brain-barrier I BBBI rather than 
their action outside of the BBB [5, 7. 11.20.21] Smith and 
Parker 118] reported that peripherally acting 
methylscopolamme and neost~gmtne effectively produced a 
CTA and chin rub CRs Methylscopolamtne. as well as 
hthmm, appears to produce a CTA by activation of the area 
postrema 12,19] Recent reports suggest that Icsmns of the 
area postrema modtfy the palatabfltty of sucrose flavored 
solutions (c g .  115]~ S~nce the area postrema ~s the 
chemorecept~ve trtgger zone sensitive to peripheral toxins 
and has been demonstrated to play a role m the processing of 
palatabd~ty mformat~on, th~s may be the s~te responsible for 
the palatabd~ty sh~ft (as indicated by chin rub CRs) produced 
by pairing some drugs w~th a flavored solutmn Netther am- 
phetamine nor ntcotme, which are purported to produce a 
CTA by means of  their central rather than their peripheral 
actton [5. 7. II. 20. 21], supported the cond~tmnmg of chtn 
rub CRs 
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