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PRESTON, K. L., G. C. WAGNER, L. S. SEIDEN AND C. R. SCHUSTER. Effects ofmethamphetamine on atropine- 
induced conditioned gustatory avoidance. PHARMACOL BIOCHEM BEHAV 20(4) 601-607, 1984.--The repeated admin- 
istration of high doses of methamphetamine (MA) has been shown to cause monoaminergic damage in rhesus monkeys and 
rats. In view of the purported interaction between central cholinergic and monoaminergic systems, rhesus monkeys and 
rats previously exposed to high doses of MA were tested in conditioned gustatory avoidance studies with atropine (a 
muscarinic blocker) as the unconditioned stimulus. It was observed that both rhesus monkeys and rats previously exposed 
to high doses of MA exhibited less of an atropine-induced avoidance than control monkeys and rats. To control for the 
nonspecific effects of prior exposure to stimulants, an additional group of rats previously exposed to high doses of 
methylphenidate ( a stimulant shown to not cause catecholaminergic damage) was tested in the same paradigm. The 
methylphenidate treated rats showed no change in sensitivity to atropine in the conditioned gustatory avoidance paradigm 
as compared to control rats which indicated that prior exposure to the nonspecific effects of a stimulant without 
monoaminergic alterations does not alter the sensitivity of atropine's avoidance-inducing properties. The results of these 
experiments imply that atropine's avoidance-inducing properties may in part be mediated through the monoaminergic 
system. 

Conditioned gustatory avoidance Atropine Methamphetamine Methylphenidate 

REPEATED high dose administration of  methamphetamine droxylase activity [1.9,45], decreased DA and 5-H'I 
(MA) or amphetamine (AMPH) has been shown to cause affinity uptake sites [33, 41, 47, 48], an increase in tr~ 
long-lasting neuronal alterations in the dopaminergic and ter turnover [33], and terminal degeneration [28,32]. 1 
serotonergic nervous systems in various species. These in- ioral studies have shown that animals with MA-induc 
clude decreased DA and/or serotonin (5-HT) levels in creases in DA brain levels show decreased sensitivity 
various regions of  the brain [I0, 19, 23, 38, 41, 44, 47, 48, effects of  MA and apomorphine and increased sensiti 
49], decreased tyrosine hydroxylase and tryptophan hy- the effects of  haloperidol on performance on a diffe 
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reinforcement of low rates schedule [8,9], force lever per- with free access to food (Teklad Co., Winfield, OI- 
formance [21], and on locomotor activity [29]. The purpose water. Colony room lights were automatically turned 
of the present study was to determine whether animals 0600 and off at 1900. The temperature was maintaiJ 
treated with repeated high dose administration of MA might 21°C. Rats were injected subcutaneously at 0800 and 13 
also have altered sensitivity to agents acting on neurotrans- four days with either physiological saline (2 ml/kg) 
mitters other than dopamine. Because of  the purported in- mg/kg of  methamphetamine HC1 as described by Wa~ 
teraction between central cholinergic and dopaminergic al. [48]. 
neurons, drugs acting on cholinergic neurons were studied. 

There is a great deal of evidence, both biochemical and Training and Apparatus 
behavioral,  indicating an interaction between central Four weeks after the last saline or MA injection, 
cholinergic and dopaminergic systems. Dopamine (DA) (24 saline treated and 24 MA-treated) were water del 
antagonists generally increase ACh release and turnover and for 24 hours. Water  was then presented for a 15-minul 
decrease ACh levels whereas DA agonists generally de- sion at 0800 for 8 daily sessions. All fluid was presen 
crease ACh release and turnover and increase levels [17, 22, 
30, 39, 40, 43]. Conversely, cholinergic agonists increase DA bottles modified from calibrated 50 ml syringes, attacl 
release and turnover [2, 3, 11, 18] whereas cholinergic the front of  each cage. Rats were weighed each day 

experiment 30 minutes prior to the presentation of  
antagonists decrease DA turnover, and block haloperidol- Baseline intake was determined for the last 3 days of 
and ACh-induced increases in DA turnover [1,18]. In addl- 

ing. At the end of the training period, the rats were raw 
tion, anticholinergic agents have been shown to enhance the divided into groups of  6 rats each, 4 groups of  control 
behavioral effects of DA agonists [37], and reverse the ef- 
fects of DA antagonists [31] while cholinergic agonists inhibit groups of MA-treated rats, and testing was begun. 
the effects of  DA agonists [7] and are inhibited by DA 
antagonists [42]. Finally, a serotonergic modulation of Testing 
cholinergic neurons has also been suggested [6,36] as well as On the first and third test days,  all rats received a be 
cholinergic modulation of  serotonergic neurons [18]. sweetened condensed milk (Borden Co.,  Columbus, O 

The ability of AMPH and MA to induce gustatory luted 2 parts water to 1 part milk) at room temperature 
avoidance has been shown to be sensitive to changes in the minutes, in place of  water. Fifteen minutes after the mil 
dopaminergic nervous system. That is, the ability of  AMPH removed, groups of rats received IP injections of atl 
and MA, administered following the consumption of a novel sulfate 2.5 mg/kg, 5.0 mg/kg or 10.0 mg/kg, or physiol 
substance, to decrease intake of  that substance on its subse- saline 1.0 ml/kg. On test days 2 and 4 water was pre~, 
quent presentation can be attenuated by pretreatment with without injections. On day 5, milk was again pres~ 
pimozide [16], alpha-methylparatyrosine [14], or intraven- however,  no injections were given after this session. F~ 
tricular 6-hydroxydopamine [25, 45, 46]. The conditioned ing the last milk presentation, rats were given free acc 
gustatory avoidance paradigm was, therefore, chosen to de- food and water. 
termine whether long-term changes in the monoaminergic 
systems induced by MA cause a change in sensitivity to the Drugs 
behavioral effects of  atropine sulfate, a muscarinic Methamphetamine HCI (National Institute on 
antagonist. Accordingly, the ability of atropine to produce Abuse) was administered in a concentration of 25 mg 
gustatory avoidance was compared in MA-treated and con- physiological saline. Atropine SO4 (Aldrich, Milwauke~ 
trol rats. Since prior exposure to MA or AMPH attenuates was given in a concentration of 2.5, 5.0, or 10.0 m~ 
gustatory avoidance induced by these agents [5, 13, 15], a physiological saline. All doses are expressed as the s~ 
second experiment was conducted in which methylpheni- 
date, a stimulant similar to MA but shown not to produce 
catecholamine damage [47], was substituted for the MA as a Neurochemistry 
pretreatment. A third study was conducted in which at- Two weeks after the last milk presentation, rats 
ropine 's  ability to induce gustatory avoidance was compared killed by decapitation; their brains removed quickly an 
in rhesus monkeys previously treated with high dose regimen sected. A transverse cut was made posterior to the olf~ 
of MA and control animals, bulbs and another cut was made anterior to the optic ch 

The results of these studies indicates that, following high From this slice the anterior striatum was dissected fro 
dose administration of MA (which caused decreases in brain cortex and septum to provide the caudate sample. Dopl 
DA and 5-HT levels), rats and monkeys demonstrated a low- and serotonin levels were determined by high per fo~ 
ered sensitivity to the gustatory avoidance inducing proper- liquid chromatography with electrochemical detectio~ 
ties of atropine sulfate. However,  rats previously treated mx2 .0  mm column packed with DuPont Zipax SCX., 
with high doses of  methylphenidate (which did not produce cation exchange resin was used. Samples were homoge 
changes in brain DA levels) showed no change in sensitivity in 0.3 ml 0.4 N perchloric acid of which 20 pA were in~ 
to atropine sulfate. Therefore, the change in sensitivity ap- into the column. The mobile phase was an acetate-¢ 
pears to be the result of neuronal alterations induced by MA. buffer (pH 5.2). Flow rate was 0.5 ml/min and dopamin 

serotonin were oxidized by a potential of 0.72 mV. Qu~ 
EXPERIMENT 1 tion of dopamine and serotonin was done by measurin~ 

heights on a Heath Servo recorder. 
METHOD 

Subjects and Housing Statistics 

Male Sprague-Dawley rats (Holtzman Co., Madison, WI) The results of the milk drinking study are express 
weighing approximately 250 grams were housed individually intake in milliliters per kilogram (ml/kg). Statistical an 
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was performed using a two factor ANOVA and post hoc 70 i-I CONTROL 
Newman-Keuls  test where appropriate for the fifth test day 
milk drinking data and 2-tailed students t-test for the baseline m METI.IAMPHETMAIN 
milk drinking data and chemical data. Significance was taken 80 
at the p<0.05  level. O" ,¢  

RESULTS 

The MA treatment was effective in inducing long-lasting ~ 50 
decreases in brain DA and 5-HT levels. Caudate DA and 5-HT u.I 
levels were significantly (p<0.05) reduced to  about 70% of .~  40 
controls. DA levels were 14.3/zg/g (S.E. 0.67) of  tissue for 
controls and 9.92 ttg/g (S.E. 0.70) for MA-treated rats. 5-HT 
levels were 0.47/xg/g (S.E. 0.03) of  tissue for controls and 30 
0.32/xg/g (S.E. 0.04) for experimentals.  

There were no significant differences between the MA- , 
treated rats and saline-treated rats in terms of  their baseline 20 ~ / 
water intake [48 (S.E. 5.5) vs. 50 (S.E. 7.9) ml/kg] (Fig. 1). 
Analysis of  the milk drinking data for the fifth test day by a 
two-factor ANOVA indicated that there were significant ef- 10 
fects of  methamphetamine vs. saline pretreatment,  
F(1,40)-6.09,  p<0.025,  and significant effects of atropine 
dose, F(3,40)=23.30, p<0.001.  Newman Keul ' s  tests re- 
vealed that milk intake was significantly reduced in all B S 2.5 5.0 10.0 
saline-treated rats receiving post session atropine (Fig. 1) 
relative to rats receiving post-session saline (p<0.05). In ATROPINE (MG/KG) 
addition, MA-treated rats which received atropine 5.0 or FIG. 1, Fluid intake for control and methamphetamine-trea! 
10.0 mg/kg post session drank significantly less milk on the following exposure to atropine. Baseline water intake is the 
third presentation of milk than MA-treated rats receiving the last 3 days of training (B). Mean intake on the third prese 
post session saline (p<0.05). Milk intake was not signifi- of milk in groups of control (open bars) and methamphel 
cantly decreased in MA-treated rats treated post session treated (cross-hatched bars) rats treated with saline or atropi 
with atropine 2.5 mg/kg compared to MA-treated or saline- 5.0, or 10.0 mg/kg. Vertical lines represent the standard devi," 
treated rats given saline post session (Fig. l). the means. *Represents a significant difference from the resz 

saline-treated control groups at p <0.05, Mann Whitney U t~ 
EXPERIMENT 2 

METHOD Statistics 

Subjects and Housing The statistical tests used were the same as tho 

Subjects and housing were similar to those in Experiment scribed in Experiment 1. 
1. Rats were injected subcutaneously at 0800 and 1700 for 
one day with 50 mg/kg and 3 days with 100 mg/kg of  methyl- RESULTS 
phenidate HCI (Ciba, Summit, NJ). Control rats received No changes in monoamine levels were found in the 
saline injections on all four days.  thalamus, telencephalon, pons-medulla, or midbrain 

caudate DA. NE was not measured in the caudate bec~ 
Training and Testing the limited quantity of sample. 

There were 4 groups of  6 rats [24] each treated with saline There were no significant differences betwee 
and 4 groups of  6 [24] rats each treated with methylphenidate, methylphenidate-treated and control rats in terms o 
Training, apparatus,  and testing were identical to that used in baseline water intake [56 (S.E. 7) vs. 51 (S.E. 8) ml/k 
Experiment I. 2], Analysis of the milk drinking data for the fifth test q 
Neurochemistry a two factor ANOVA indicated that there was a sign 

effect of atropine dose, F(3,40)=9.93,p<0.001, but no 
Two weeks after the last milk presentation, 12 experi- icant effect of  methylphenidate vs. saline pretrea 

mental and 12 control rats were randomly selected for F(1,40)=0.70. Newman Keul ' s  tests reveal that 
monoamine brain level determination. Rats were killed by session treatment with all three doses of atropine (] 
decapitation, and their brains were removed and dissected as significantly decreased milk intake on the third expo,' 
described in Experiment 1. The rest of  the brain was further control and methylphenidate-treated rats compared to 
dissected according to the method of  Glowinski and Iverson treatment (p<0.05). 
[12] to yield portions of  the pons-medulla, midbrain, hypo- 
thalamus, and telencephalon. DA levels were determined as EXPERIMENT 3 
in Experiment I. NE levels were determined by high per- 
formance liquid chromatography with electrochemical de- METHOD 
tection using a 0.5 m X 2. l mm column packed with Vydac Subjects and Housing 
CX, a cation exchange resin. The mobile phase was a 0.04 M 
phosphate buffer (pH 2.6). Flow rate was approximately 0.4 Eighteen adult rhesus monkeys (8 female and l0 
ml/min, and NE was oxidized by a potential of  0.72 mV. were housed individually in standard cages with free 
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FIG. 2. Fluid intake for control and methylphenidate-treated rats FIG. 3. Fluid intake for control and methamphetamine-treate( 
following exposure to atropine. Baseline water intake is the mean of keys following exposure to atropine. Mean percent of water b~ 
the last 3 days of training (B). Mean intake on the third presentation intake (B) on the third presentation of orange drink in gro 
of milk in groups of control (open bars) and methylphenidate-treated control (open bars) and methamphetamine-treated (cross-h~ 
(cross-hatched bars) rats treated with saline (S) or atropine 2.5, 5.0, bars) monkeys treated with saline (S) or atropine 2.25 or 3.2 J 
or 10.0 mg/kg. Vertical lines represent the standard deviations of the Vertical lines represent the standard deviations of the means 
means. 

to Purina Monkey Chow (St. Louis, MO). All monkeys had Drink, General Foods Corp., White Plains, NY: mix~ 
had experience in behavioral and/or pharmacological cording to package directions) at room temperature 1 
studies. Four months to 2 years prior to this experiment, rain in place of water. Fifteen min after the orange drin 
nine of the monkeys had received repeated high dose admin- removed, each monkey received an intramuscular injq 
istration of MA which has previously been shown to cause of atropine sulfate 2.5 mg/kg or 3.2 mg/kg (1/2 log unit h 
decreases in brain DA and 5-HT levels ([8,38], Preston in of physiological saline. Three control and three MA-tl 
preparation). All MA-treated subjects were in ongoing exper- monkeys received each treatment. On days 2, 3, 5, 
iments but had not participated nor received any drugs for 2 (that is, for 2 days after each orange drink present 
or more weeks prior to beginning this study. All MA-treated water was presented without injections. On day 7 of te 
monkeys had been shown to have decreased sensitivity to orange drink was again presented as on day l; howev, 
MA in either a force lever task [20] or differential reinforce- injections were given following this session. 
ment of low rates of responding schedule (DRL 40 sec) [8]. 
Control monkeys had not been in any experiment nor re- Drugs 
ceived any drug for at least 2 weeks prior to this experiment. Atropine SO4 (Aldrich, Milwaukee, WI) was giveJ 

concentration of 22.5 or 32.0 mg/ml in physiologial s 
Training and Apparatus Control subjects received 0.1 ml/kg of physiological s 

Monkeys were water deprived for 24 hours after which All doses are expressed as the salt. 
water was presented for 15 min at 0800 daily for 7 or more 
sessions until water intake became stable. All fluid was pre- Statistics 
sented in one quart glass water bottles attached to the front Due to individual differences in intake between mo 
of each monkey's  home cage. Metal pans were placed be- of different size and sex, results are expressed as perc 
neath the cages to collect any fluid which spilled from the baseline water intake. For statistical analysis, the intl 
bottles during the sessions. A graduated cylinder was used to 
measure fluid before and after the session. Baseline intake orange drink (during its third presentation) by contr( 
was determined from the last 3 sessions of training. MA-treated monkeys assigned to post session saline 

was combined. Similarly, the intake of orange drink (( 
its third presentation) by control monkeys assigned t( 

Testing session atropine 2.5 or 3.2 mg/kg groups was combir 
On the first and fourth test days each monkey received a form one atropine-treated control group. MA-treated 

bottle of orange flavored drink (Tang Instant Breakfast keys which received atropine 2.5 or 3.2 mg/kg post s~ 
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were also combined into one atropine treated MA-treated regimen in Experiment 2 did not alter the sensitiv 
monkey group, treated rats to any dose of  atropine given. It is possib 

Statistical analysis was performed using the Mann- the differences between the results of  pretreatmenl 
Whitney U test for the fluid intake data. Significance was methylphenidate and methamphetamine are due to a 
taken at the p<0.05  level, ence between the potency of  the two drugs to induc, 

ditioned gustatory avoidance. This appears to be un 
RESULTS however,  since the doses of both agents used in the p 

The results from Experiment 3 are shown in Fig. 3. No study are well above the doses of  each agent necess 
significant differences between MA-treated and control produce a maximum avoidance response [34,46]. 
monkeys were found in the baseline water  intake [48 (S.E. 7) The third study showed that the decreased sensiti, 
vs. 38 (S.E. 5) ml/kg, respectively]. The orange drink intake atropine in inducing gustatory avoidance also occur 
on the first presentation was significantly lower than baseline rhesus monkeys which had received a high dose regir 
water intake in the control group [25 (S.E. 4) vs. 38 (S.E. 5) MA. Although brain transmitter levels have not yel 
ml/kg; U(9,9)= 12.5]. In MA-treated monkeys,  orange drink measured in all of  these monkeys,  the neurochemist 
intake on the first presentation was not significantly different been completed in selected subjects. These monkey,, 
from baseline fluid intake [54 (S.E. 10) vs. 48 (S.E. 7) ml/kg], shown to have decreased DA and 5-HT in various br: 

The statistical analysis of  the combined data showed that gions (Preston et  al . ,  in preparation). Furthermore,  all 
atropine-treated control monkeys drank significantly less monkeys had shown decreased sensitivity to the eff~ 
orange drink during its third presentation compared to MA on an operant behavior (Preston et al . ,  in prepa2 
saline-treated control and MA-treated control monkeys [21% Ando et a l . ,  in preparation). Because of  the varied 1: 
(S.E. 2) vs. 131% (S.E. 8); U(6,6)=0]. In contrast the orange tensive experimental histories of  the monkeys, the in1 
drink intake on its third presentation to atropine-treated MA tation of  the results of  this study must be made with c~ 
monkeys was not significantly different from the orange However,  the fact that two studies, using both the rat a 
drink intake of saline-treated control and MA monkeys monkey, showed decreased sensitivity in MA-t 
[108% (S.E. 30) vs. 131% (S.E. 8)]. animals to the effects of  atropine strongly favors the v 

of  these conclusions. 
It is not possible to determine from the present ~, 

G E N E R A L  DISCUSSION whether the decrease in DA or in 5-HT levels, or, pe 
The results of the first experiment indicate that pretreat- the decrease in both transmitters is necessary for the 

ment of  rats with repeated high dose administration of  MA in sensitivity since both have been shown to be invol 
caused a decreased sensitivity to atropine in the conditioned mediating cholinergic activity. However,  several ,, 
gustatory avoidance paradigm. The MA-treated rats were have been reported in which electrolytic ot 
subsequently shown to have decreased caudate DA and 5HT dihydroxytryptamine lesions of  the midbrain raphe 
levels. Although only one brain region was assayed in this decreased brain 5-HT levels and potentiated the gu~, 
study, the findings of other studies using a similar treatment avoidance induced by LiCl [26,27] and fenfluramin. 
regimen [33] would indicate that MA also causes decreases These data suggest that the decreased sensitivity to at 
in these transmitter levels in other brain regions. Therefore, induced by MA is not due to decreased 5-HT brain k 
the available data do not identify a specific brain region in- The mechanism for the decrease in sensitivity to tI 
volved in this change in sensitivity to atropine, tatory avoidance-inducing properties of atropine ir 

It has been demonstrated that previous experience with a treated rats and monkeys is not clear. If  this pheno~ 
specific drug attenuates its ability to induce an avoidance in a were due to specific disruption of  a cholinergic-dopami 
gustatory avoidance paradigm. This phenomenon is not balance resulting from MA-induced neuronal alteratiot 
necessarily the result of  tolerance since experience with any might expect  an increase in sensitivity to the effec! 
one of  a variety of  drugs across pharmacological classes may muscarinic agonist in MA-treated animals in a gu,, 
also decrease the ability of a drug to induce a gustatory paradigm. If, on the other hand, the decrease in sensiti 
avoidance [4]. These findings suggest that the change in sen- atropine is due to a more generalized deficit in the ab 
sitivity to atropine seen in this experiment might be attribut- MA-treated animals to form a gustatory avoidance 
able to the exposure to the MA regimen. This, however,  fects of  a muscarinic agonist would be expected to 
does not appear  to be the case since pre-exposure to creased. Further  experiments exploring changes in se 
methylphenidate at d o s e s w h i c h p r o d u c e c o m p a r a b l e b e h a v -  ity in MA-treated animals to dopaminergic and 
ioral effects, i.e., stereotypy and stimulation, to that of  the MA cholinergic agents are indicated. 
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