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EIBERGEN, R. D. AND K. R. CARLSON. Dyskinesias in monkey,~: interaction of methamphetamine with prior 
methadone treatment. PHARMAC. BI(X?HEM. BEItAV. 5~2) 175-187, 1976. - Rhesus monkeys with a history of 
drinking methadone, but presently drug-free, were injected with low doses of melhamphctamine (MA). They immediately 
developed oral dyskinesias resembling the symptoms of tardive dyskinesia in humans, a condition resulting from chronic 
blockade of striatal dopamine receptors by neuroleptics. Nine of 11 control monkeys failed to develop dyskincsias during 
prolonged MA administration. A stressful stimulus intensified the MA--elicited oral dyskinesias, an effect analogous to 
exacerbation of tardive dyskinesias by emotional stress. Control monkeys were then injected with methad~mc. 
chlorpromazine, haloperidol, or saline for 45 days. Ten days following this chronic treatment, MA immediately elicited 
oral dyskinesias in the methadone and chlorpromazine monkeys. Acute administration of the dopaminergic blocking agents 
chlorpromazine, spiroperidol, and clozapine eliminated MA-elicited dyskinesias, whereas the a-adrenergic blocker 
phentolamine was ineffective. Physostigmine blocked the dyskincsias in 1 of 2 cases. Sedative doses ¢~f phenobarbital and 
diazepam had no effect on oral dyskinesias. These data indicate that chronic treatment with methadone or other dopaminc 
receptor blocking agents leads to receptor supersensitivity to the actions of MA. 
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Oral dyskinesias Stress l)opaminergic blockers Monkcy Narcotics Chlorpromazine Haloperidt~l 

CHRONIC admin i s t r a t i on  of  increasing doses of  me th -  
a m p h e t a m i n e  to the  rhesus m o n k e y  induces  a developing 
pa t t e rn  of s t e r eo typed  behaviors  [ 2 1 , 2 2 ] .  Low and mod-  
erate doses  (2 10 mg/kg,  IM) p roducc  s t e r eo typed  search- 
ing, g rooming  and picking at the  skin, and je rk ing  of the  
body.  Af ter  several m o n t h s  of in tox ica t ion ,  higher  doses 
elicit a n o t h e r  more  in tense  form of  s t e reo typed  behavior ,  
oral dyskinesias.  These  consist  of i nvo lun ta ry  repet i t ive 
m o v e m e n t s  of  the  face and m o u t h ,  such as tongue  rol l ing 
and p ro t rus ion ,  wide open ing  of  the  m o u t h ,  and  lateral jaw 
d isp lacement .  The  m o v e m e n t s  are vir tual ly ident ical  to 
s y m p t o m s  of  tardive dyskines ia  in humans ,  a cond i t i on  
arising in c o n j u n c t i o n  wi th  long- term use of  neuro lep t i c  
agents [ 12, 13, 14, 15, 17, 32, 33, 60, 681.  

Tardive dyskinesia  is t h o u g h t  to result  f rom the chron ic  
b lockade  of  d o p a m i n e  receptors  in the  s t r i a tum produced  
by neuro lep t i cs  [3, 35, 361.  Dur ing b lockade  the  recep tors  
b e c o m e  supersensi t ive ,  such tha t  af ter  the b lockade  is 
reduced or lifted e n d o g e n o u s  d o p a m i n e  produces  exag- 
gerated oral behaviors  [ 3 5 , 3 6 ] .  It is wel l -es tabl ished tha t  
such supersens i t iv i ty  develops  in expe r i m en t a l  an imals  
dur ing  pro longed  neuro lep t i c  adm i n i s t r a t i on ;  a f te r  dis- 

c o n t i n u a t i o n  of  such agents as ch lo rp romaz ine  or halo- 
peridol,  lower doses of  dopaminerg ic  agonists  are able to 
elicit s t e r eo typed  behaviors  138, 55, 57, 6 7 [ .  Fur the r ,  
ongoing  s t e reo typed  behaviors  can be e l imina ted  by acute 
admin i s t r a t i on  of  the  ncuro lep t i c  b lock ing  drug I I1 ,  26, 
46, 52, 57, 6 4 ] .  

These  f indings arc cons i s ten t  wi th  clinical observat ions .  
The s y m p t o m s  of  tardive dyskinesia  character is t ica l ly  
appear  when  ncuro lep t i c  the rapy  is hai led or the drug 
dosage is reduced [7, 13, 14, 15] ,  and s y m p t o m s  can bc 
alleviated by rc ins t i tu t ion  of  ncuro lep t ic  admin i s t r a t i on  
[24, 28, 40,  65 ] .  The s tr ia tal  dopamincrg ic  sys tem is 
fu r the r  impl icated by the  fact tha t  admin i s t r a t i on  of 
d o p a m i n e  agonists  exacerba tes  present  s y m p t o m s  [23, 28, 
40] and can prec ip i ta te  them in s y m p t o m - f r e e  pa t ien ts  
[28 ] .  Ant icho l incrg ic  drugs, which p o t e n t i a t e  str ialal  
d o p a m i n e  act ivi ty  [ 4 ] ,  can also exace rba te  and prec ip i ta te  
oral s y m p t o m s  [12,  28, 37 ] .  Drugs having the oppos i te  
effect  in the chol inergic  sys tem amel iora te  the  s y m p t o m s  
[7, 24, 281. 

Thus,  it appears  tha t  supersens i t iv i ty  of  the str iatal  
d o p a m i n c  sys tem results  f rom its chronic  b lockade  by 
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neuroleptic  agents. There is considerable evidence that 
methadone  also blocks striatal dopamine  receptors.  Several 
studies have revealed biochemical  changes in rat str iatum 
indicative of  dopaminergic  receptor  blockade [ I, 2, 42, 47, 
52, 561, and s tereotyped behaviors elicited by dopamine  
agonists can be blocked by narcotics [25, 52, 56].  It is 
reasonable to hypothesize,  therefore,  that chronic adminis- 
tration of  narcotics might lead to the deve lopment  of  
dopaminergic  supersensitivity. A few studies have shown 
heightened sensitivity to dopaminc  agonists in rodents 
during the acute withdrawal stage from morphine  [20, 43, 
51 ], as well as 30 days thereaf ter  I29] .  There is one report  
[41] of  a failure to find potent ia t ion  of s tereotyped 
behaviors after 7 days of chronic morphine  pre t rea tment ,  
possibly too brief a blockade. We have recently found that 
guinea pigs subjected to a 5-week t rea tment  with metha- 
done or chlorpromazine  showed more intense oral stereo- 
typed behaviors in response to me thamphe tamine  ad- 
ministered up to 3 weeks fol lowing terminat ion of  chronic 
drug t rea tment  [ 19]. 

The present experinaents were under taken to examine 
the effects of  chronic methadone  administrat ion on the 
development  of supersensitivity in the rhesus monkey.  We 
first tested the efficacy of low doses of me thamphe tamine  
in eliciting oral dyskinesias in former methadone-consuming 
and control  monkeys  (a prel iminary report  appears in 
[18] ). Our second exper iment  evolved from clinical reports 
that symptoms  of tardive dyskinesia are exacerbated by 
emot ional ly  stressful events [ 12, 13, 17, 33, 40] ; thus, we 
evaluated the effects of  stress on monkeys  exhibi t ing oral 
dyskinesias. Third, control  monkeys  which had not re- 
sponded to me thamphe tamine  with oral dyskinesias pre- 
viously received parenteral methadone ,  chlorpromazine  or  
haloperidol  for 45 days, in an a t tempt  to convert  them to 
the subsequent elicitation of  oral dyskinesias by meth- 
amphetamine.  Finally. we studied the effects of  acute 
administrat ion of  dopaminergic antagonists and o ther  
agents on methamphetamine-e l ic i ted  s tereotyped behaviors. 

M E TH O 1) 

Animals 

The animals were nineteen adolescent and adult male 
rhesus monkeys  (Macaca mulatta). They were housed 
individually, had ad lib access to water from an automat ic  
dispensing system, and were fed Purina monkey  chow each 
morning. 

The 8 monkeys  in the M group had formerly drunk 
methadone hydrochlor ide  (Dolophine;  10.0 mg/ml;  Lilly), 
available for 1 hr daily in I00  ml Tang orange drink, for 
10 -22  months  while some of them participated in o ther  
behavioral exper iments  [6] .  The doses available (1 0 - -3 .0  
mg/kg) were well below those required to produce physical 
dependence in the monkey,  and the animals had sub- 
sequently been drug-free for 2 --17 months  prior to meth- 
amphetamine  t rea tment  (see [18] for the drug histories of  
M I - M 7 ) .  An additional monkey,  M8, had consumed an 
average of  1.8 mg/kg methadone  for 11 months  and had 
been drug-fret  for the fol lowing 10 months.  

The C group consisted of 11 monkeys  which had no 
experience with narcotics or amphetamines.  

Procedure 

On all test days monkeys  were transported to a cage in a 

separate room. This cage was identical to the home cages, 
80 x 90 x 75 cm high, except  that it had a squeeze back 
which was used to immobil ize  the monkeys  for drug 
injections. On some test days monkeys  were then returned 
to their home cages, where they were observed regularly for 
a min imum of 6 hr following injection. On other  days, a 
monkey  remained in the test cage for 4 6 hr where he was 
cont inuously observed, videotapes were made, and o ther  
manipulat ions appropriate  to the various experiments  were 
performed.  

Experiment 1. All monkeys  received IM injections of 
freshly prepared me thamphe tamine  hydrochlor ide  (Sigmal 
dissolved in sterile physiological saline (50 mg/ml as the 
salt). One injection per day was administered on a schedule 
of 4 consecutive injection days fol lowed by 3 rest days. 
This weekly cycle, which mimicks human "spree"  abuse 
[21,22] ,  was repeated for up to 19 weeks. Methampheta-  
mine (MA) doses began at 1.0 or 2.0 mg/kg and were 
gradually increased, usually to 5.0 mg/kg but in one case 
(M7) to 7.5 mg/kg. 

The nature, f requency,  and durat ion of  each monkey ' s  
MA-elicited s tereotyped behavior were recorded. The 
behaviors of major interest in this s tudy,  oral dyskinesias, 
were considered present if a monkey  exhibited one or more 
of the fol lowing criterion behaviors for at least 4 hr 
post-inJection: (a) tongue protrusion;  (b) widely open 
mouth with lateral displacement of  the jaw: Ic) widely open 
mouth  with rota t ion of  the tongue inside check : (d )  sucking 
the inside of the cheek;  (e) copious salivation, probably 
resulting from these motions;  (f) expulsion of  air from 
mouth  with a loud grunt. Lip-smacking and rapid teeth 
chattering movements ,  which are characteristic of non- 
drugged rhesus monkeys  and are f requent ly  elicited by low 
doses of  amphelamines  [21 ,22] ,  were not considered 
evidence of oral dyskinesias. 

l::vperiment 2. Since the symptoms  of tardive dyskinesia 
are exacerbated by emotional  stress [12, 13, 17, 33, 40 ] ,  
we examined the effect of  a stressful st imulus on the 
monkeys '  oral dyskinesias. Tongue protrusion was the most 
common  and easily quantif ied dyskincsia, and therefore we 
used 4 monkeys  which responded to low doses of  MA with 
this behavior. For  each monkey,  a dose of MA was chosen 
which was just subthreshold for the elicitation of  strong 
tongue protrusions. Thus. M I received 1.5 mg/kg. M2 
received 2.0 mg/kg, M6 received 0.5 mg/kg, and C8 received 
1.0 mg/kg. 

A Gra-Lab Universal Timer,  whose loud alarm buzzer 
served as the stressful stimulus, was placed in the experi- 
mental cage. The buzzer was controlled by the experi- 
menter  through a remote  switch. An automat ic  t imer 
signalled the beginning and end of  a 20-sec sampling 
interval during every rain of the test sessions. The number  
of tongue protrusions occurring during each sampling 
interval was recorded. 

The monkey  was adapted to the test cage for 30 rain, 
and a subsequent 30 rain control  period preceded MA 
injection. Spontaneous  tongue protrusions were recorded 
during each of  the sampling intervals in the first 15 min of  
the control  period. During the second 15 rain, the buzzer 
was sounded during approximate ly  half of the sampling 
intervals. 

MA was injected a! the end of the control  period. 
Tongue protrusions were recorded during the ~,~0 min 
immediately fol lowing MA and for 30 rain beginning at 2 
and 4 hr post-MA. The buzzer was not sounded during the 
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first 45 min following MA. During approximately half of 
the sampling intervals from 4 6 - 6 0  and 7 6 - 9 0  min, the 
buzzer was activated. In the 30 rain observation periods at 
2 and 4 hr, the buzzer was sounded during approximately 
half the sampling intervals in the last 15 min of each period 
(135-150  and 256 -270  min). In all these periods the order 
of buzzer and no buzzer intervals was determined by a 
pseudorandom schedule. 

Experiment 3. Control monkeys which had not ex- 
hibited MA-elicited oral dyskinesias in Experiment 1 were 
placed on a chronic parenteral drug regimen, to determine 
whether this treatment would convert them to oral 
dyskinesias in response to MA administered after the 
chronic treatment was terminated. Thus, 7 C monkeys 
received the following drugs twice daily, the injections 
.separated by approximately 12 hr. 

Methadone (MD): C2 and C7 received increasing doses 
(1 .0-10 .0  mg/kg/day) SC for 45 days. 

Chlorpromazine (CPZ): C9 and C10 received IM injec- 
tions of Thorazine (25 mg/ml; Smith, Kline & French). C9 
was begun at 2.0 and increased to 10.0 mg/kg/day, and CI0  
began at 1.0 and was increased to 5.0 mg/kg/day. CPZ 
produced moderate sedation and pronounced anorexia in 
C10. tte refused laboratory chow from the first injection 
day, progressively refused even highly palatable foods, and 
died from apparent starvation on the 28th injection day. C9 
began refusing food after 30 injection days, forcing 
termination of CPZ administration after Day 31. 

Haloperidol (HPD): CI and C4 received 0.2 mg/kg/day 
IM Haldol (5.0 mg/ml; McNeil) for 45 days. Because HPD 
produced persistent, though not as severe, anorexia, the 
dose was not increased. 

Saline (SAL): CI1 received sterile physiological saline 
SC for 45 days, in a volume adjusted to that given the MD 
monkcys. 

A narcotic antagonist challenge was used to assess the 
degree of physical dependence in MD monkeys C2 and C7, 
and for control purposes in CI, C4, and CI 1 (the remaining 
monkey, C9, had terminated chronic drug treatment before 
this test was administered). The monkeys received a SC 
injection of naloxone hydrochloride (Narcan; 0.4 mg/ml; 
Endo) I hr following the first daily injection of their 
respective chronic drug. On Day 42 of the chronic drug 
regimen they received 0. I 0 mg/kg naloxone, and on Day 44 
they received 0.15 mg/kg. These doses precipitate ab- 
stinence symptoms of moderate intensity in morphine- 
dependent rhesus monkeys 15]. 

A 10-day drug-free period followed the chronic drug 
administration phase. Each monkey was observed period- 
ically for at least 8 hr on every chronic drug injection and 
drug-free day. On the l l th day following termination of 
chronic drug treatment, a 4-day cycle of 2.0 mg/kg MA 
injections was begun. The monkeys were examined for oral 
dyskinesias in the same fashion as in Experiment 1. 

Experiment 4. Since dopaminergic blockers and cholin- 
ergic agonists reduce both the symptoms of tardive dyskine- 
sia [7, 24, 28, 40, 65] and amphetamine-induced stereo- 
typed behaviors in animals [4, 11, 26, 39, 46, 52, 57, 58, 
641, we administered acutely these and other drugs to 
determine their effects on oral dyskinesias and other 
stereotyped behaviors. The drugs were tested in 2 ways: in 
some tests the drug was administered 60 rain before MA, to 
determine if the drug could prevent the occurrence of 
MA-induced stereotyped behaviors, and in other tests the 
potential blocker was administered 45 min after MA, to 

determine if it could antagonize ongoing MA-induced 
stereotyped behavior. 

The following drugs were used: dopamine blockers were 
chlorpromazine hydrochloride, haloperidol, spiroperidol 
(0.2 mg/ml), and clozapine (2.0 mg/ml). The cholinergic 
drug was physostigmine salicylate (Antilirium: 1.0 mg/ml; 
O'Neil, Jones & Feldman). To assess possible chlorproma- 
zine effects mediated via noradrenergic receptor blockade, 
the a-receptor blocking agent phentolamine mesylate 
(Regitine; 5.0 mg/ml; Ciba) was used. Finally, to control 
for any nonspecific depressant effects produced by the 
neuroleptics, sodium phenobarbital (Luminal; 130.0 mg/ml; 
Winthrop) and diazepam (Valium; 5.0 mg/ml; Roche) tests 
were conducted. Drugs were administered by IM injection, 
except for several tests with PO clozapine. 

The effect of these drugs on stereotyped behaviors was 
evaluated with reference to control sessions in which sterile 
saline was injected before or after the same MA dose. In 
approximately half the cases the control session was held 
one week prior to the drug test, and in the other half one 
week following it. These tests were conducted at various 
times before and during the cyclic MA schedule in 
Experiment 1. 

The monkey was adapted to the experimental cage for 
30 rain. As in Experiment 2, the frequency of stereotyped 
behaviors was recorded during a 20-see sampling interval in 
each min. Behaviors were counted in this fashion during a 
30 rain control period prior to MA administration, during 
the 90 min immediately following MA, and for 30 rain 
beginning at 2 hr, 4 hr, and occasionally 6 hr post-MA. The 
mean rate/min was computed for successive 15-min periods 
of the session. 

RESUI. I'S 

Experiment 1 

Table 1 presents the results, expanded over our pre- 
liminary report [18] by the addition of monkeys M8 and 
C8-C11, and by data from additional MA injections 
administered to M7, C6, and C7. Pronounced oral dyskine- 
sias were elicited ahnost immediately in 7 of the 8 former 
methadone monkeys by only 2.0 mg/kg MA. The dys- 
kinesias typically began 5 10 rain after injection and 
occurred at rates of 2 5 - 6 0  events/rain. 

Once MA elicited a dyskinesia, it continued to elicit it 
on each subsequent occasion. M I and M4 rcceived MA on 
more than 30 subsequent days, and each time MA produced 
the dyskinesia; this was also true of M monkeys tested less 
often. 

A dose-effect relationship was obtained with respect to 
the duration of the oral dyskinesias. In M1 and M4, for 
example, after 2.0 mg/kg MA the dyskinesias persisted for 
36 hr, whereas after 5.0 mg/kg they were apparent for 72 
hr, i.e. throughout the 3 rest days of the MA cycle. 

Concerning the form of the oral dyskinesias, tongue 
protrusion was the most common. It was particularly severe 
in M I and M2, who showed pronounced extensions of the 
tongue repeated at a rapid rate and accompanied by profuse 
salivation which they appeared to disregard (Fig. I). Other 
M monkeys' oral behaviors consisted of a wide opening of 
the mouth, in some cases followed by maximal lateral 
displacement of the mandible and expulsion of air from the 
lungs with a loud grunt. This cycle was repeated at a 
relatively slow rate. Even in the case of wide mouth 
opening alone, the behavior did not resemble rhesus 



178 EIBERGEN AND CARLSON 

T A B L E  1 

RESULTS OF METHAMPHETAMINE (MA)"ADMINISTRATION TO MONKEYS WHICH HAD 
FORMERI.Y CONSUMED METHADONE (M GROUP) AND CONTROI.S (C GROUP) 

M A Dose 
Monkey DYS* DAY- (mNkg) Principal Behaviors 

M 1 + I 2.11 Tongue protrusion 
M2 , I 2 .1)  Tongue protrusion 
M3 - 1 2.1) Jaw displacement 
M4 I 2.0 Sucking and blowing out cheek 
M5 + 4 2.ll Wide mouth opening 
M6 t 4 2.0 Tongue protrusion 
M7 f 59 611 l.ip grooming, mild chewing: tongue protrusion 
M8 ~ 2 2.0 Tongue protrusion 

CI 0 8 1.0 - - ,  2 .0  Mild chewing 
C2 0 8 1.0 -~ 2.0 Body jerk 
('3 0 31 2.0 ~ 5.0 Shuffling movements 
C4 0 45 2.0 ---*5.0 Body jerk 
C5 0 411 2.1) ---* 5.0 Facial grimace$, writhing 
('6 t 47 5.0 Biting finger, vocalization: tongue protrusion 
('7 0 48 2.0 ~ 5.0 Body .jerk 
C'8 ~ 2 1.1) Tongue protrusion 
C9 1) g 1.0 ~ 2.0 Mild chewing 
CIO 0 8 1.11 ~ 2.0 No response 
('11 0 8 I.() ~ 2.0 Circling. mild chewing 

*I)YS indicates the presence (4.) or absence (1)) of oral dyskinesias. 
+DAY indicates the injection day on which oral dyskinesias were first obseD,,ed using the dose 

specified, or the total number of injection days covering the dosage range specified for monkeys not 
exhibiting dyskinesias. 

:i:Although this behavior is seen in cases of tardive d vskinesia in humans, it was not considered a 
dyskinesia for this monkey since he exhibited it prior to MA administration. 

monkey threat  behavior, in that  the m o u t h  was not held 
fully open and the teeth  were not bared. F'inally, M4"s oral 
dyskinesia consisted of  repeatedly pushing out his cheek 
with his tongue,  pushing it in with a knuckle,  and then 
sucking and biting it; bleeding from inside his mou th  was 
of ten  observed. 

In addi t ion to oral dyskinesias,  3 monkeys  (M1, M3, and 
M5) exhibi ted  chore i form limb movements  after 1 or 2 
days at 2.0 mg/kg MA. These behaviors resembled the 
abnormal  movement s  of the extremit ies  seen in tardive 
dyskinesia [28 ,35] ,  consist ing of rhy thmic  flailing of the 
upper and lower limbs when the monkey  was in a sit t ing or 
reclining posit ion.  

The monkeys  did not appear  distressed after  MA. 
Typically there was a small increase in locomot ion  during 
the first 15 rain af ter  injection,  but this behavior tended to 
subside after a number  of injections.  In fact, MA seemed to 
induce what has been termed "paradoxica l  taming"  [ 10] in 
M1 and M4. These monkeys  were oblivious to environ- 
mental  events while engaging in their oral dyskinesias.  It 
was possible to handle them,  and the exper imen te r ' s  fingers 
could be safely placed in their mouths .  Needles lightly 
applied to their  lips and noses did not produce  a wi thdrawal  
response. 

Regarding the C monkeys ,  only ( '8 displayed oral 
dyskinesias early in the course of  MA adminis t ra t ion.  Not 
only had this monkey  exhibi ted small tongue prot rus ions  in 
response to stressful stimuli prior to testing with MA, but 
there were defini te  differences be tween his MA-elicited oral 
dyskinesias and those of  the M group. In ( '8 the dyskinesia 

was very sporadic,  appearing short ly after MA, disappearing 
for several hr and then returning. When present ,  the tongue 
protrusions occurred erratically and not in the highly 
rhy thmic  and predictable  fashion of the M monkeys .  In 
addit ion,  the dyskinesia was not observed on all injection 
days: at 1.0 mg/kg it occurred only on the second and third 
days of the 4-'day cycle, and at 2.0 mg/kg only on tile third 
day. This pa t tern  was in marked contras t  to the oral 
dyskinesias in the M monkeys  which were seen on each 
injection day following their initial appearance,  and oc- 
curred with consis tent  regularity through at least four hr 
and of ten  for much longer periods. 

After  prolonged MA adminis t ra t ion ,  C6 developed 
tongue protrus ions  similar in quali ty and f requency Io 
those of the M monkeys .  They cont inued  to be elicited by 
each subsequent  MA injection,  and were seen at reduced 
f requency up to 48 hr following MA. 

The s te reo typed  behaviors elicited by MA in the 
remaining C monkeys  consisted of mild chewing move- 
ments,  rhy thmic  .jerking, wri thing or shuffl ing movemen t s  
of tile body,  and in one animal vocalization and biting of  
the fingers. With the except ion  of C6, these behaviors did 
not change th roughou t  the course of MA adminis t ra t ion ,  
nor did the behaviors increase in f requency,  intensity,  or 
durat ion as the doses of MA were increased. It is possible 
that at least some of these monkeys  would have progressed 
to oral dyskinesias had we cont inued  to adminis ter  MA and 
incremented the dosage to the levels {10 .0 -20 .0  mg/kg) 
found necessary in normal monkeys  by o ther  exper imente r s  
J21,221. 
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FIG. 1. Sequence illustrating a typical tongue 

A n o t e w o r t h y  aspect  o f  these results  is tha t  the 
m e t h a d o n e  doses previously  consumed  were very low. The  
M m o n k e y s  had not  been  physical ly  d e p e n d e n t ,  since they  
had not  r esponded  to a na loxone  chal lenge nor  to ab rup t  
drug wi thdrawal .  These  doses, however ,  were cer ta in ly  
suff ic ient  to sensit ize t hem to MA adm i n i s t r a t i on  as long as 
I 7 m o n t h s  af ter  m e t h a d o n e  was t e rmina ted .  

lz'xperiment 2 

The effect  of  stress on the  rate of  oral dyskinesias  is 
shown in Fig. 2. Tongue  p ro t rus ions  were min imal  or 

protrusion in M 1 following 4.0 mg/kg MA. 

nonex i s t en t  dur ing  periods in which  there  were not  any 
buzzer  intervals,  whe the r  before  or a f te r  MA. Thus,  we 
present  data  only f rom periods in which buzzer  and no 
buzzer  intervals  were a l t e rna ted ,  which provides  a direct  
compar i son  be tween  these two cond i t ions .  

During the con t ro l  per iod prior  to MA admin i s t r a t ion ,  
the buzzer  had no effect  on tongue  pro t rus ions .  However,  
fo l lowing MA lhe buzzer  markedly  increased the rate of 
tongue  p ro t rus ions  in the M monkeys .  When the  buzzer  was 
sounded ,  these animals  immedia te ly  began to ex t end  thei r  
tongues  at a high rate (more  than  1/sec for M6). The  
increase was l imited to the  buzzer  intervals,  and tongue  



180 EIBERGEN AND CARLSON 

30' I'~Suzzer ~ ~ , a ~ i  ~ I ~ ~ , , ~  
o-- No Buzzer 

20' M6 

cn 10' 

s,~ 0, • 
="  I e " t  t J ' ' V  I ~ , - - - ~ - ~ - - - o - ~  I e Q e - e e - - o - - - e  I I e ' ~ e ' - e ' - e * - e ' e ' ' ~  

I -~ 10] 

. -  , . -  . , P , , - - . . . , , -  - _ _ - 

201 C8 

-15 -1 46 60 76 90 136 150 256 270 

MA 
Time Post-Methamphetamine in Min. 

FIG. 2. Effect of stress on the rate of oral dyskincsias in 3 monkeys. Number of tongue protrusions in the 20-see observation period during 
each rain are plotted as a function of time before and after MA administration (at arrow). Stress periods are those in which a loud buzzer wa~ 
sounded Buzzer), non-stress periods were quiet {No Buzzer). Animal M6 illustrates the largest effect and M1 the smallest effect observed in 

former methadone monkeys. C8 illustrates tim lack of effect in a control monkey. 

p r o t r u s m n s  quickly  r e tu rned  to low levels when  the  buzzer  
was turned  off. The  m onkeys  did not  appear  to be great ly 
agi tated,  in tha t  they did not  engage in f rant ic  escape 
a t t e m p t s  nor  in a t tacks  on  the buzzer.  Typical ly ,  they 
would s imply huddle  in a far corner  of  the cage and engage 
in the tongue  pro t rus ions .  

Figure 2 con ta ins  data  f rom only the  first test session; 
however ,  the  exace rba t ion  of oral dyskinesias  was again 
d e m o n s t r a t e d  in the M m onkeys  dur ing  a subsequen t  
.session. By the third session, the  buzzer  bad become  
ineffective wi th  M2 and M6. It is possible tha t  ttTey had 
adap ted  to the buzzer ' s  stressful ef fects  by this  t ime,  since 
the p re sen ta t ion  of  feared s t imuli  such as a hand le r ' s  glove 
con t inued  to exace rba te  the dysk ine t ic  s y m p t o m s  af ter  the 
buzzer  had failed to do so. 

The buzzer  did not  increase the rate of tongue  pro t ru-  
sions in ( '8. This is p robab ly  due to the  under ly ing  
di f ferences  be tween  this m o n k e y ' s  pa t t e rn  of MA-elicited 
tongue  p ro t rus ions  and those  of the  M monkeys ,  as no ted  
in Exper imen t  1. 

Moreover,  in identical  test  sessions c o n d u c t e d  wi th  o the r  
(" monkeys ,  we found  tha t  the buzzer  did not  increase the  
rate of  o t h e r  MA-indueed s t e reo typed  behaviors  such as 
body jerks or mild chewing.  Invariably,  the buzzer  pro- 
duced e i ther  freezing, i.e.. hudd l ing  in a corner  with  
cessat ion of  the  s t e reo typed  behavior ,  or led to o t h e r  m o t o r  
activity compet i t ive  wi th  the s t e reo typed  behavior  such as 
runn ing  and banging against the cage walls. Therefore ,  the  

results with  the  M m o n k e y s  were not  due to general 
augmen ta t i on  of s t e r eo typed  behaviors ,  but  to a stress- 
induced exace rba t ion  of  one par t icular  type,  oral dyskine-  
sias. 

Experiment d 

The na loxone  chal lenges on  Days 42 and 44 of the 
chronic  paren te ra l  drug regimen had no effect  on the  SAI. 
and HPD monkeys .  In the MD monkeys ,  however ,  b o t h  
doses of  na loxone  p roduced  s y m p t o m s  indicat ive  of mild to 
modera te  physical  d e p e n d e n c e  [ 6 2 , 6 3 ] .  These m o n k e y s  
s t re tched  out  on  thei r  sides and assumed {}tiler abnorma l  
postures,  r e tched ,  yawned ,  and were ex t remely  apprehen-  
sive of feared objec ts  such as a hand le r ' s  glove. Fur the r ,  
na loxone  an tagon ized  the mydriasis  which  is a characteris-  
tic response to narcot ic  analgesics in the rhesus monkey .  
These s y m p t o m s  lasted for several hr, and were more  
intense with the  higher  dose of na loxone .  

In addi t ion ,  b o t h  MD m o n k e y s  exh ib i t ed  brief  episodes  
of oral dyskinesias  app rox ima te ly  5 rain af ter  na loxone  
inject ion.  In C2, 0 .10 mg/kg p roduced  a single p r o n o u n c e d  
tongue  pro t rus ion ,  in which the tongue  was ex t ended  
maximal ly ,  twisted at a ~.~0 degree angle, and held in thai 
posi t ion for approx ima te ly  3(.) sec. The  higher dose of 
m, loxone  produced  re tching  in which the tongue  was 
cons iderably  ex t ended :  however ,  such p ro t rus ions  could 
not be dissociated fro,n the re tching  itself. In ( '7,  0.15 
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T A B L E  2 

CONVERSION TO METHAMPHETAMINE (MA)-ELICITED ORAL DYSKINESIAS BY CHRONIC 
PARENTERAL DRUG ADMINISTRATION 

Chronic Drug Response to MA 
mg/kg day 
Duration Monkey DYS* DAY- Principal Behaviors 

Methadone C2 
1.0 ---, 10.0 C7 + 
45 Days 
Chlorpromazine C9 + 
2.0 ---* 10.0 
31 Days 
Haloperidol C 1 0 
0.2 C4 0 
45 Days 
Saline C11 0 
45 Days 

Tongue protrusion 
Tongue protrusion, jaw displacement 

2 Jaw displacement 

Vacant filcial expression 
Body jerk 

Circl ing 

*DYS indicates the presence (+) or  absence (0) of oral dyskinesias. 
+DAY indicates the injection day of the 4-day cycle on which oral dyskinesias were first observed. 

mg]kg elicited an intense burst of  rapid tongue protrusions 
and licking of the cage bars which lasted for approximate ly  
30 sec. 

With the except ion of  the above responses to naloxone,  
no monkey  displayed oral dyskinesias during chronic drug 
t rea tment  or  the subsequent  10-day drug-free period. 

The major results of  this exper iment  concern the 
conversion to oral dyskinesias elicited by MA. As shown in 
Table 2, both MD monkeys  exhibi ted oral dyskinesias in 
response to 2.0 mg]kg MA. The case of  C7 is particularly 
striking in that he responded to this low dose on the first 
injection day, whereas he had not shown any oral dys- 
kinesias over 48 days at doses up to 5.0 mg/kg in 
Exper iment  1. It is unlikely, however,  that his extensive 
prior exper ience with MA in some fashion predisposed this 
monkey  to the subsequent product ion  of  dyskinesias, since 
the o ther  MD monkey,  (72, had received only 8 previous 
injections at doses up to 2.0 mg/kg and also exhibi ted oral 
dyskinesias in the present exper iment .  

There were some differences be tween the tongue pro- 
trusions elicited by MA in these monkeys  as compared to 
those of  the M group in Exper iment  1. First, they occurred 
less f requent ly  ( 5 - 1 0 / m i n )  and the tongue was not 
protruded as far. Second,  they were somewhat  delayed in 
onset, appearing 1 2 hr after MA injection,  and increased 
in intensi ty over time. In fact, 48 hr fol lowing the Day 4 
injection the dyskinesias occurred at a more rapid rate than 
they had 2 hr post-injection.  This stands in contrast  to the 
M monkeys,  whose oral dyskinesias emerged immediate ly  
fol lowing MA injection and persisted for an equivalent  
amount  of  t ime but with diminishing frequency.  

Chronic CPZ adminis t ra t ion was also effect ive in con- 
verting ( '9 to MA-elicited oral dyskinesias. This is particu- 
larly interesting in view of the shorter  course of  chronic 
drug administrat ion which he underwent ,  and his limited 
experience with MA prior to CPZ treatment .  Typical ly,  this 
monkey  was very quiet  during the first hr after MA 
injection,  and then began to exhibit  jaw displacements  
which persisted for up to 8 hr. 

The dopamine  receptor  blocker [34] HPD, however,  
failed to convert  ei ther monkey  to MA-elicited oral 

dyskinesias. C1 displayed very minor  chewing movements  
after MA, but more consistently the same vacant,  detached 
behavior which he had shown during HPD administrat ion 
and which persisted for many months  fol lowing this 
experiment .  (?4 exhibi ted the same response to MA which 
he had shown in Exper iment  1. HPD adminis t ra t ion 
appeared to produce persisten! disturbed behavior in this 
monkey  as well. For several months  after the exper iment  he 
cont inued to al ternately cower in the rear of his cage and 
strike out  wildly toward the front when being observed. 

As expected,  the SAL monkey  exhibi ted the same 
s tereotyped behavior in response to MA as he had pre- 
viously. 

L:~periment 4 

The protocols  and comple te  results are enumerated  in 
Table 3; Figs. 3-.-6 present representative examples  of  the 
stength and durat ion o f  effect upon acute administrat ion of  
each potent ia l  blocking drug. 

The dopamine  blocking agents chlorpromazine  (CPZ) 
and spiroperidol  (SPD) complete ly  prevented the develop- 
ment of  s te reotyped behaviors when administered prior to 
MA (Fig. 3, top). Further ,  once MA had elicited stereo- 
typed behaviors,  subsequent acute administrat ion of  either 
drug strongly and rapidly antagonized the ongoing behavior 
(Fig. 3, bo t tom) ,  including oral dyskinesias which were 
complete ly  el iminated by SPD in M I. In all cases these 
effects persisted throughout  the 4 - 6  hr formal  observation 
period. Further ,  the effects of CPZ and SPD outlasted those 
of  MA; periodic observations after the test session revealed 
no reappearance of  an initially suppressed dyskinesia. Both 
drugs produced mild sedation, but clearly did not incapaci- 
tate the monkeys ;  they were quiet but alert and responsive 
to strange noises, gave full-blown threat displays when 
challenged by the observer, and ate raisins and orange juice 
when offered.  The dopamine  blocking agent haloperidol  
(HDP), however,  did not reduce the f requency of  tongue 
protrusions in C6 when administered after MA (Fig. 4, left). 

The specific c~-adrenergic blocker phento lamine  (PTA) 
had no effect  on s tereotyped body jerks, whether  admin- 
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r A B L E  3 

DRUG ADMINISTRATION PRO'I'OCOI.S AND RESUI.TS OF EXPERIMENT 4 

Blocking Drag 
And Dose Before or Alter 
(mg/kg) M A dose (mg/kg) Monkey MA-Elicitcd Behavior 

EffEct of Blocking 
Drug on Behavior 

Chlorprornazine 
0.5 After 3.5 
1.0 After 2.0 
1.0 After 2.0 
1.0 Before 2.0 

Spirope rid ol 
0.025 After 5.0 
t}.05 After 5.0 
0.025 After 2.0 
0.025 Before 5.0 
O, I Before 2,0 

Ha lopendo l  
0,05 A f te r  6,0 

Phentolamine 
0.5 Before 2.5 
0.5 After 2.5 

Clozapine 
p.o. t). I Before 5.0 

0.5 Before 6.0 
1.0 Before 5.1) 

I.M. 2.5 After 5.1) 

Physostigmine 
0. I Before 6.0 
0. [ After 6.0 

Phenobarbital 
30.0 13e fc, re 6.0 
I0.0 Before 2.5 
10.0 After 2.5 
21).0 After 5.0 

l)iazepam 
1.0 Af te r  4.0 

M7 Searching behind 
M 8 B o d  y .je rk 
big Body jerk 
C4 Body j e rk 

M 1 Tongue protrusion 
M7 l.ip groonfing 
( '7 Body .ierk 
M7 Lip grooming 
('7 Body .jerk 

C6 Tongue protrusion 

('4 Body jerk 
('7 Bod.v jerk 

M2 Tongue protrusion 
M2 Tongue protrusion 
M7 I.ip grooming 

M 4  Sticking cheek 

M7 Jaw displacement 
(/6 Tongue protrusion 

M7 Jaw displacement 
.Mg Body jerk 
C4 Body jerk 
('6 Tongue protl-usion 

M4 Sucking check 

Completely eliminated 
Completely eliminated 

Completely eliminated (Fig 3) 
Completely blocked (Fig 3) 

Completely eliminated 
Completely climinated 

('ompletelv eliminated (Fig 3) 
Completely blocked (Fig 3) 

(?ompletely blocked 

No eft'cot (Fig 4) 

No effect (Fig 4l 
No effect 

('ut number in half(Fig 5) 
Cut number in hal f  

Delayed on,;el I hi'.. no 
effect on number 

Completely eliminated It'ig 51 

l)elayed onset 4 hr II ' ig 5) 
No effect (Fig 5) 

No effect 
No effect 

No effect {Fig 6) 
No el'feel 

No effect (Fig 6] 

istered before  or af ter  (Fig. 4, r ight)  MA. 
The  results  with  the final d o p a m i n e  b locking  agent.  

c lozapine (C[,O), were par t icular ly  interest ing.  In t e rms  of 
its effects  on the  oral dyskinesias  of  the M monkeys ,  it 
reduced by 50% the peak n u m b e r  of tongue  p ro t rus ions  
when  admin i s t e red  before  MA, and rapidly e l iminated  
cheek sucking when  injected af ter  MA (Fig. 5, left). 
l towever ,  it delayed but  did not  suppress  non-oral  s tereo- 
typed g rooming  in M7; SPD had comple t e ly  b locked  the  
appearance  of  this behavior  in the same m o n k e y  (Fig. 3, 
righ t ). 

The chol inergic  agent physos t igmine  (PIIY) gave 
equivocable  results. As shown in Fig. 5 (r ight) ,  it consider-  
ably delayed the  onset  of  oral dyskinesias  in M7 when  
adminis te red  before  MA, but  the same dose admin i s t e red  
af ter  MA had no effect  on tongue  p ro t rus ions  in C6. 

Finally,  ne i the r  p h e n o b a r b i t a l  (PBT) nor  d iazepam 
(DIA) had any effect  on oral dyskinesias  or o t h e r  s tereo- 
typed behaviors  (Fig. b), even though  at the higher  doses of  
PBT the m o n k e y s  were ataxic and obviously  sedated.  

I)IS(?USSION 

The present  s tudy  has shown  tha t  prior exper ience  with 
MD great ly enhances  the rhesus m o n k e y ' s  sensi t ivi ty to 
MA. The  s t e reo typed  behaviors  elicited by MA, oral 
dyskinesias,  bear a s t r iking qual i ta t ive  resemblance  to lhe 
s y m p t o m s  of tardive dyskinesia  in h u m a n s  [12,  13, 14, 15, 
17, 32, 33, 60, 68 ] .  Fur the r ,  the  inf luence of a stressful  
s t imulus  on oral dyskinesias  is in comple t e  agreement  wi th  
the f r equen t ly  repor ted  exace rba t ion  by stress of  s y m p t o m s  
in tardive dyskinesia  pa t i en t s  [ 12, 13, 17, 33, 4 0 ] .  

The most  obv ious  d i f ference  be tween  the  m o n k e y ' s  oral 
dyskinesias  and those of tardive dyskinesia  is tha t  in the 
la t ter  cond i t i on  they o f t en  arise spon taneous ly  when  
neurolept ic  the rapy  is hal ted or the dosage reduced,  
whereas  it was necessary to elicit the m o n k e y s '  dyskinesias  
by admin is te r ing  MA. Thus,  it appears  tha t  in the  m o n k e y s  
a s tate  of " l a t e n t  sens i t iv i ty"  was present ,  d e p e n d e n t  on 
exogenous  s t imula t ion  for expression.  

The  cur ren t ly  accepted  theory  conce rn ing  the develop-  
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FIG. 3. Representative examples  of  the effect on MA-elicited stereotyped behavior of  chlorpromazine (CPZ) and spiroperidol (SPD). Each 
panel depicts the mean number /min  of a monkey ' s  characteristic behavior over time. The monkey  is identified in the upper left corner of  each 
panel. The solid line represents data from the session in which saline (SAL) was administered,  and the dashed line data from the session in 
which the monkey  received the potential  blocking drug. Arrows indicate the t imes at which the blocking drug or SAL, and MA, were injected. 

Drug doses are specified in Table 3. (No SAL control ~ss ion  was run with M8). 
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ment of tardive dyskinesia is that chronic neuroleptic 
administration creates a dopaminergic receptor blockade, 
rendering the receptors supersensitive to the dopamine 
reaching them when the blockade is lifted [35,36]. We 
suggest that sensitivity to MA, subsequent to chronic MD 
treatment, may be explained by the same mechanism. 
There is considerable biochemical evidence that MD blocks 
dopamine receptors in the striatum [ 1, 2, 42, 47, 52, 56], 
and several behavioral studies have shown enhanced re- 
sponses to dopamine agonists shortly after termination of 
chronic narcotic administration [20, 43, 51 ]. In addition, it 
has been shown that rats formerly dependent on morphine 
are more sensitive to the dopamine agonist apomorphine 
for 30 days after withdrawal [29],  and we have demon- 
strated enhanced sensitivity to methamphetamine in the 
guinea pig for 3 weeks after chronic MD or CPZ treatment 
was terminated [ 19]. 

In further support of this hypothesis, we showed in 
Experiment 3 that even a relatively short period of 
parenteral administration of MD or CPZ was effective in 
sensitizing monkeys to the effects of MA administered 10 
days subsequently. The failure of HPD to induce super- 
sensitivity, even though superficially contradicting the 
theory, was not unexpected. Experiments in rhesus mon- 
keys having close parallels with the present study have 
shown that long-term administration of CPZ results in the 
appearance of oral dyskinesias [48,50] whereas HPD, even 
in much higher doses than we used, is ineffective in this 
regard [50]. In addition, HPD and other butyrophenones 
seem to produce very few incidences of tardive dyskinesia 
in humans. In a recent article concerning four such cases, it 
was noted that "... reports of its (HPD) association with 
late or tardive dyskinesias are nearly nonexistent in the 
English language medical literature." [331. 

The results of acute drug administration on MA-elicited 
behaviors (Experiment 4) are also consistent with a 
dopaminergic supersensitivity theory. The dopamine re- 
ceptor blockers CPZ and SPD antagonized dyskinesias, 
confirming studies in other species [ 1 I, 26, 46, 52, 57, 64].  
We attribute the failure of HPD to block stereotyped 
behaviors to the dose employed, since it has subsequently 
been shown that in primates much higher doses are 
necessary, i.e. 0.57 mg/kg for 3 days [271 and 1.25 mg/kg 
acutely [641. 

The final dopaminergic antagonist, CLO, blocked oral 
dyskinesias but did not affect non-oral stereotypies. This 
differential effectiveness agrees with other evidence in- 
volving this drug. While CLO has only a weak antagonistic 
action on amphetamine- or apomorphine-induced stereo- 
typed behaviors [45,65],  it can suppress behaviors thought 
to be mediated by supersensitive dopamine receptors. For 
example, CLO is effective in alleviating symptoms of 
tardive dyskinesia [651, and reduces to control levels 
chronic haloperidol- or loxapine-induced supersensitive 
responses to apomorphine [ 571 • 

We were somewhat surprised that PHY was not con- 
sistently effective in suppressing oral dyskinesias, since 
cholincrgic drugs antagonize stercotypies in rodents [4, 39, 
58] and alleviate the symptoms of tardive dyskinesia 
[24,28]. We arc currently pursuing this question. PTA's 
lack of effect on oral dyskinesias substantiates other 
evidence that ~-adrenergic systems play no role in stereo- 

typed behaviors [31, 53, 54, 59]. Finally, to attribute the 
effectiveness of the dopaminergic blockers to nonspecific 
depression of activity is clearly unwarranted, since sedative 
doses of PBT and DIA had no effect on dyskinesias. 

Thus, we conclude that chronic MD administration 
induces a relatively permanent state of dopaminergic 
supersensitivity. Concerning the underlying neurochemical 
mechanism, the weight of evidence points to postsynaptic 
receptor blockade by MD [1, 2, 42, 47, 52, 56]. It is 
unlikely that presynaptic inhibition of dopamine release is 
responsible; although neuroleptics do have this action, MD 
does not [61 ]. 

The results of the present study raise several points of 
clinical significance involving the risk of developing extra- 
pyramidal disorders due to long-term MD administration. 
First, the data indicate that methadone maintenance 
patients might be highly sensitive to amphetamines for an 
extended period of time after they terminate treatment. 
Although the use of amphetamines by these patients during 
and following treatment is well-documented [8, 9, 30, 49, 
66],  we are unaware of any clinical reports of unusual 
motor effects consequent to amphetamine self-adminis- 
tration. This may indicate that humans are for some reason 
not subject to this phenomenon; on the other hand, it may 
derive from inadequate medical follow-up reporting, par- 
ticularly on program drop-outs, and from other factors 
discussed below. 

The second conceivable risk which such patients might 
run is the spontaneous appearance of dyskinesias following 
termination of treatment. We raise this point even though 
our monkeys did not exhibit dyskinesias in the absence of 
stimulation by MA, because we consider that our data have 
demonstrated the presence of dopaminergic super- 
sensitivity, in addition, the absence of clinical reports of 
spontaneous dyskinesias in former methadone maintenance 
patients may be explicable in terms of the populations 
receiving MD as opposed to neuroleptic drugs. By 1968, it 
was estimated that 100 million people had been treated 
with neuroleptics [40],  while as recently as 1973 only 
85,000 people had participated in methadone maintenance 
programs [44]. Since tardive dyskinesia seems to occur at 
maximum in only 12 -14% of patients receiving neuro- 
leptics [13],  the number of methadone maintenance 
patients displaying symptoms would, on the basis of 
probability, be quite small and therefore possibly have 
escaped detection. Moreover, tardive dyskinesia was not 
recognized as a clinical problem until 10--12 years follow- 
ing the introduction of neuroleptics into widespread use 
[13];  the first methadone maintenance program was 
established only 11 years ago [16]. Finally, tardive 
dyskinesia is thought to be most prevalent in elderly female 
patients [13];  thus, the predominantly young male popula- 
tion of methadone maintenance programs might be less 
susceptible to the development of supersensitivity. 

Whatever the reasons for the failure to date to observe 
symptoms of dopaminergic supersensitivity following MD 
treatment in humans, on the basis of the present report as 
well as other evidence in experimental animals we strongly 
suggest that further work should be undertaken to assess 
the degree to which such patients are at risk of developing 
extrapyramidal dyskinesias. 
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