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SCHLEMMER, R F ,  JR AND J M DAVIS A prtmate model ('or the stud)' of hallutmogens PHARMACOL 
BIOCHEM BEHAV 24(2)381-392, 1986 - -An animal model for studying the actions of halluclnogemc drugs using primate 
socml colomes is presented Although hallucinogens induce a number of behavioral changes m this paradigm, one emergent 
behawor, hmbjerks,  appears to be selectively induced by three classes of hallucinogens in doses which correlate with those 
reported to be hallucmogemc m humans Several non-hallucmogemc congeners of hallucinogens faded to slgmficantly elicit 
this response Other behavioral changes reduced by hallucinogens m monkeys such as ptosls and socml wlthdrawl may be 
useful m studying aspects of hallucinogen intoxication other than hallucinations, or psychosis in general Upon dady 
admlmstratlon, tolerance developed to all hallucinogens tested except two, as ~s seen m humans Moreover, cross- 
tolerance between hallucinogens could be demonstrated Further experiments with the hallucinogen 5-methoxy N.N- 
dlmethyltryptamme revealed that although certain individual behawors could be antagonized by serotomn antagonists, 
dopamlne antagonists, and physostlgmme, no drug completely reversed the behavioral abnormahtles reduced by this 
hallucinogen It is suggested that this paradigm, which offers an hallucinogen-induced behavior which correlates well with 
the human hallucinogen response and permits observatmon of a wide variety of other potentmlly relevant behaviors in 
primates, may be useful in developing and testing theories of hallucmogemc drug action It may be especially valuable m 
view of the present difficulties of conducting hallucinogen research in humans 

Hallucmogen ammal model Primate socml behawor 
Submissive behawor Tolerance Cross-tolerance 
Serotonm antagomsts Dopamme antagomst 

Limb jerk response Socml withdrawal 
LSD 5-MeODMT DMT Mescahne 

O V E R  the pas t  th ree  decades ,  a n u m b e r  of  an imal  mode ls  
have  been  used to s tudy the  ac t ion  of  ha l luc inogenic  drugs  
Ha l luc inogen  mode l s  have  been  recent ly  r ev i ewed  in more  
detail  e l s ewhe re  [1,7], bu t  m a n y  of  these  mode l s  are dis- 
cus sed  and used  in s tudies  r epor t ed  in this  vo lume  Al though  
a n u m b e r  of  mode l s  have  faci l i ta ted the fo rmula t ion  and  test-  
lng o f  theor ies  of  ha l luc inogen ic  drug ac t ion ,  few a p p e a r  to 
show specif ici ty  for  ha l luc inogens  This  is no t  surpr is ing,  
s ince  some ha l luc inogen- induced  behav io r s  m h u m a n s  are 
also induced  by o t h e r  p s y c h o a c t i v e  agents ,  (e g ,  p tos ls ,  
pa rano ia ,  af fect lve  changes ,  and even  ha l luc ina t ions)  Yet ,  
an  an imal  model  which  paral le ls  the h u m a n  ha l luc inogenic  
r e s p o n s e  to ha l luc inogens  is n e e d e d  to fully evau la te  the  
pha rmaco logy  o f  these  drugs  S ince  no animal  model  has  
been  conv inc ing ly  p r o v e n  to measu re  ha l luc ina t ions  in 
an imals  (making  the  t e n u o u s  a s s u m p t i o n  tha t  an ima l s  can  
hal luc inate) ,  inves t iga tors  have  had  to rely on  cor re la t ive  
mode l s  to s tudy this  effect  In an imals  For  the  pas t  t en  years ,  
we have  s tudied a p r ima te  model  of  ha l luc inogenic  drug  ac- 
t ion which  permi t s  the  o b s e r v a t i o n  of  mult iple  behav io ra l  
c h a n g e s  induced  by ha l luc inogens  whe re  ce r ta in  b e h a v i o r s  
a p p e a r  to cor re la te  very  well  wi th  the h u m a n  ha l luc inogen  
r e sponse ,  including ha l luc ina t ions  

In this  model ,  ha l luc inogens  were  a d m l m s t e r e d  to 

se lec ted  m e m b e r s  of  n o n - h u m a n  p r ima te  social  co lonies  to 
s tudy  the effects  of  these  agen ts  in a pa rad igm where  more  
complex  b e h a v i o r  can  be  eva lua ted  The  ra t iona le  for  this  
a p p r o a c h  was t aken  f rom s tudies  In our  l abora to ry  and  
o the r s  whe re  the  effects  o f  p s y c h o m o t o r  s t imulan t s  on  highly 
in tegra t ive  p r imate  b e h a v i o r  have  been  successfu l ly  s tudied  
[13, 14, 17, 19] We sought  to de t e rmine  w h a t  behav io ra l  
changes  (if any)  induced  in m o n k e y s  by ha l luc inogens  corre-  
la ted wi th  the effects  of  ha l luc inogens  In h u m a n s  

METHOD 

Subjects The  sub jec t s  for  all e x p e r i m e n t s  were  adul t  
S tumpta l l  m a c a q u e  (Macaca arctotdes) m o n k e y s  The  
major i ty  o f  an imals  were  feral They  were  con t i nuous ly  
h o u s e d  in colonies  of  4-5  m o n k e y s  In large group  cages  
(1 5 x 2 5 x 3 5  m) or  as dyad  g roups  in smal le r  cages  
(0 75× 1 00× 1 25 m) The  m o n k e y s  were  a l lowed to form a 
s table  h le ra rcha l  s t ruc tu re  pr ior  to ini t ia t ion of  any  exper i -  
men t  The  cages  were  loca ted  in e n v i r o n m e n t a l l y  con t ro l led  
rooms  which  were  on  a 12 hou r  l ight-dark  cycle  E a c h  group 
rece ived  a gene rous  supply  of  food (Pur ina  M o n k e y  Chow)  
dally s u p p l e m e n t e d  with frui ts  and  vege tab les  and  had  con-  
t lnuous  acces s  to w a t e r  t h r o u g h o u t  the  e x p e r i m e n t s  Veter l -  

1Present address Department of Pharmacodynamlcs, College of Pharmacy, Umverslty of Ilhnols at Chicago, 833 South Wood Street, 
Chicago, IL 60612 
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382 S C H L E M M E R  A N D  D A V I S  

T A B L E  l 

BEHAVIORAL CHANGES INDUCED BY ACUTE ADMINISTRATION OF HALLUCINOGENS TO SELECTED MEMBERS 
OF PRIMATE SOCIAL COLONIES 

Drug LSD DMT 5-MeODMT MDA 
(Dose) (0 01) (2 00) (0 25) (3 00) 

Limb Jerks Base 053 + 0 17 0 17_+ 006 0 II _+ 006 000-+ 000 
Tx 4 9 0 0 _  + 1161? 2840_+ 635 t  1600_+5 ll+ 2775 _+ 882? 

Body Shakes Base 069_+ 0 12 098_+ 009 087_+ 0 16 042_+ 008 
Tx 780_+ 086+ 620_+ 2 35? 878_+ I 137 000_+ 000:]: 

Ptosls Base 000_+ 000 000_+ 000 000_+ 000 000_+ 000 
Tx 520-+ 2 13? 020 + 020 000_+ 000 000 + 000 

Dis tance>3f t  Base 3 50-+ 028 422 -+ 025 476_+ 036 028_+ 008 
Tx 440 _+ 1 44 740_+ 0987 7 II _+ I 02* 800_+ I 78? 

Submissive Base 1 70_+ 023 1 20-+ 0 15 247 +_ 026 1 09_+ 0 17 
Gestures Given Tx 2 40 _+ 2 16 2 40 + 1 60 3 22 _+ 0 46 1 50 _+ 0 65 

Aggress Gest Base 036-+ 010 0 1 1 _  + 003 0 8 7 - + 0 3 1  000_+ 000 
Received Tx 0 17 _+ 0 17 060_+ 040 089-+ 077 000-+ 000 

SoclalGroom Base 308_+ 041 563 -+ 044 442_+ 064 241 _+ 049 
Yx 000 +_ 000" 020 + 020" 1 11 + 0567 000_+ 000 

Self Groom Base 209_+ 023 279_+ 020 258-+ 032 047 +_ 0 13 
Tx 000 + 000" 080_+ 037" 078-+ 022" 000 + 000 

Locomotion Base 451 + 038 3 19_+ 025 4 10_+ 046 058 + 0 18 
Tx 420 _+ 1 36 920_+ 3 38I 2 56-+ 060 075 + 048 

Checking Base 32 68 _+ 096 30 29_+ 076 52 42-+ 1 88 16 45 + 1 51 
Tx 46 40_+ 3 85 87 40-+ 16007 64 33 + 3 97+ 107 25 _+ 13 12~ 

Ly m g Down  Base 1 26_+ 0 17 I 62 + 021 ! 62_+ 028 038 _+ 0 15 
Tx 420 -+ 1 80? 340_+ 1 60 1 89_+ 081 000 + 000 

Each value represents the mean _+ SEM for 4-9 monkeys (LSD n=5, DMT n=5, 5-MeODMT n=9, MDA n - 4 )  
for each behavior Doses for each drug are expressed as mg/kg 

Statistical s,gnlficance is indicated by *p<0 05 when compared with respective basehne (Base), +p<0 01 when 
compared with respective basehne 

:~MDA reduced a significant mcrease m body shakes at lower doses (0 3 and 1 0 mg/kg) 

na r i ans  e x p e r i e n c e d  m t rea t ing  p r ima t e s  m o n i t o r e d  the  
s tud ies  at all t imes  and  had  the  right to i n t e rvene  or d i scon-  
t inue  an e x p e r i m e n t  w h e n  they  be l ieved it was  n e c e s s a r y  

Behavioral ob~ervatton On specif ied days  o f  e ach  exper -  
imen t ,  a 60 m in u t e  o b s e r v a t i o n  o f  the ent ire  co lony  or dya d  
g roup  w a s  c o n d u c t e d  by an e x p e r i e n c e d  pr imate  o b s e r v e r  
who  was  u n a w a r e  o f  the  t r e a t m e n t  pro tocol  Dur ing  tha t  
t ime ,  the  o b s e r v e r  quant i f ied  and  r eco rded  the  beha v io r  o f  
e a c h  m o n k e y  in the co lony  or  dyad  in ro ta t ion  for  60 m i n u t e s  
us ing  the  focal s ampl ing  t e c h n i q u e  Behav io r  was  r ecorded  
in a c c o r d a n c e  with a checkl i s t  o f  40 social  and  sol i tary be- 
haviors  c o m m o n  to this  spec ies  and several  abnormal  or  emer-  
gent  behav io r s  induced  by p s y c h o t o m l m e t l c s  in this spe- 
c ies  A deta i led  desc r ip t ion  o f  all checkl i s t  b e h a v i o r s  can  be 
found  e l s e w h e r e  [17] 

O b s e r v a t i o n s  began  at a specif ied t ime af ter  d rug  or sal ine 
in jec t ion,  d e p e n d i n g  on the  onse t  and  peak  t ime for the drug  
u n d e r  inves t iga t ion  Tha t  t ime  r e m a i n e d  c o n s t a n t  t h r o u g h o u t  
an  e x p e r i m e n t  Dur ing  the  o b s e r v a t i o n  se s s ion ,  e ach  mon-  
key was  o b s e r v e d  in ro ta t ion for 30 s e c o n d s  eve ry  five min-  
u t e s  for  60 m i n u t e s  At  the  end  o f  the  s e s s ion ,  s co re s  for  the 
twe lve  30 s e c o n d  in te rva ls  were  s u m m e d  for e ach  m o n k e y  
which  r e p r e s e n t e d  the  daily score  for  that  b e h a v i o r  for  an 

individual  Since the  e m e r g e n t  be ha v io r  body  s h a k e s  oc- 
cu r r ed  at a lower  f r e q u e n c y  than mos t  o the r  behav io r s ,  a 
record  o f  the total  n u m b e r  of  body  s h a k e s  seen  t h r o u g h o u t  
the 60 minu te  period w a s  r ecorded  regard less  if the body  
sha ke  occu r red  d u n n g  one  o f  the  30 s e c o n d  obse rva t i on  
in te rva ls  or  not  This  is r epor ted  as " to t a l  body  s h a k e s  " 

B e c a u s e  these  s tud ies  were  c o n d u c t e d  ove r  a ten yea r  
per iod,  it w a s  imposs ib le  to de t e rmine  cor re la t ion  coeffi- 
c i en t s  be tw e e n  all o b s e r v e r s  H o w e v e r ,  cor re la t ion  coeffi- 
c ien ts  were  d e t e r m i n e d  w h e n e v e r  poss ible  The  overal l  cor- 
relat ion coeff ic ient  b e t w e e n  o b s e r v e r s  a lways  e x c e e d e d  90% 
( r> 0  90) 

Drugs Ten  ha l luc inogens  were  tes ted  e i ther  in m e m b e r s  
of  social  co lon ies  or dyad  g r o u p s  The  drug,  dose  mos t  fre- 
quen t ly  u se d  ( e xp re s se d  as  mg  (base)/kg un l e s s  o the rwi se  
noted) ,  and t ime of  admin i s t r a t i on  prior  to the  beg inn ing  o f  
behav io ra l  obse rva t ion  were  the ergot  der iva t ive  d- lyserg lc  
acid d l e thy l amlde  (d -LSD,  N I D A ,  B e t h e s d a ,  MD),  0 01 
mg/kg,  15 mln ,  the  p h e n e t h y l a m i n e  der iva t ives ,  mesca l ine  
(Sigma,  St Lou is ,  MO),  17 mg/kg,  60 rain, 3 ,4 ,5 - t r lme thoxy-  
d m p h e t a m l n e  (TMA) ,  8 mg/kg,  45 rain, 4 -me thy l  2 ,5-dlmeth-  
o x y a m p h e t a m l n e  (DOM,  NIDA) ,  0 17 mg/kg,  30 mln,  3,4- 
m e t h y l e n e d t o x y a m p h e t a m i n e  ( M D A , N I D A ) ,  3 mg/kg,  15 min,  
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T A B L E  2 

BEHAVIORAL CHANGES INDUCED BY ACUTE ADMINISTRATION OF HALLUCINOGENS TO MONKEYS HOUSED IN DYAD GROUPS 

Mescahne DOM TMA Psllocm DET 
(17 00) (0 17) (8 00) (0 40) (2 00) 

Limb Jerks Base 490 ± 1 18 490 ± 1 18 490 + 1 18 490 ± 1 18 000_+ 000 
Tx 43 00 _+ 27 65t 119 00 ± 51 29- 183 75 ± 88 35+ 46 25 _+ 22 41+ 84 00 + 24 81t 

Body Shakes Base 1 05 ± 023 1 05 ± 023 1 05 ± 023 1 05_+ 023 090 ± 023 
Tx 1875± 1 84t 2 0 2 5 ±  4 7 7  1125+ 275+ 1 0 0 ±  071 2 0 0 ±  108 

Ptosls Base 000 + 0 0 0  0 0 0  ± 0 0 0  0 0 0  ± 0 0 0  0 0 0  ± 0 0 0  0 0 0  + 0 0 0  

Tx 1200 ± 3 03t 1400 ± 1 78~ 23 25 ± 576+ 1 25 + 1 25 000 ± 000 

SocmlGroom Base 1005 + 1 80 1005 + 1 80 1005 ± 1 80 1005 ± 1 80 700 ± 1 96 
Tx 3 25 + 1 89* 250 + 250" 025 ± 025+ 000 ± 000t  000 ± 000" 

Self Groom Base 7 50 ± 1 52 7 50 + 1 52 7 50 ± 1 52 7 50 ± 1 52 18 65 ± 1 42 
Tx 1 25 ± 0481 000 ± 000:  000 ± 000+ 000 ± 000t  0 0 0 +  000t  

Locomotion Base 13 05 _+ 1 75 13 05 ± 1 75 13 05 ± 1 75 13 05 _+ 1 75 14 50±  2 2 6  

Tx 1025 ± 3 22 775 + 1 25 550 + 393 650_+ 272 475 ± 347 

Checking Base 141 60 ± 5 93 141 60 ± 593 141 60_+ 593 141 60 ± 5 93 96 70 ± 436 
Tx 15100_ + 935 16650_ + 1159 ,~ 18250± 1373t 16650± 11 59~ 1 3 0 5 0 ± 3 2 1 9  

Lymg Down Base 1 05 ± 048 1 05 ± 048 1 05 ± 048 1 05 -+ 048 095 ± 049 
Tx 0 0 0 ±  000 0 0 0 +  000 000-+ 000 1 2 5 ±  075 1025+ 592* 

Each value represents the mean _+ SEM for 4 monkeys for each behavior Doses for each drug are expressed as mg/kg 
Statistical slgmficance is indicated by *p<0 05 when compared with respective basehne (Base), tp<0 01 when compared with 

respecttve basehne 

and the tryptamlne derivatives,  N ,N-d lmethy l t ryp tamme 
(DMT, Sigma), 2 mg/kg, 5 mm, 5-methoxy N, 
N-dlmethyl t ryptamme (5-MeODMT, Sigma), 0 25 mg/kg, 5 
mm, N,N-dle thy l t ryp tamme (DET, Sigma), 2 mg/kg, 5 mm, 
psdocm (NIDA),  0 4 mg/kg, 15 mm and psdocybln (N1DA), 0 4 
mg/kg, 15 mm 

Relevant  non-hal lucinogenic  drugs repor ted  here in- 
c luded the LSD congeners ,  2 -b rom-LSD (BOL,  NIDA) ,  0 1 
mg/kg, 15 mln, and h s u n d e  hydrogen  maleate  (Schermg AG, 
Berhn,  Germany) ,  0 05 mg (salt)/kg, 15 mm,  the 
p h e n e t h y l a m m e  congener ,  3 , 4 -d lme thoxyphene thy l amme  
(DMPEA,  Sigma), 17 mg/kg, 60 mln, and t ryptamme (Sigma), 
10 mg/kg, 15 mm All drugs were  adminis te red  
Intramuscular ly 

Each exper iment  began with the observa t ion  of  non- 
drugged behavior  which  was  cons ide red  basehne  During 
that  t ime all m onkeys  in the group rece ived normal  sahne or  
drug vehicle int ramuscular ly  at the des igna ted  t ime prior to 
observa t ion  In addit ion,  monkeys  in the co lony or  dyad not 
receiving drug injection during the t r ea tment  per iod were  
given an in t ramuscular  injection o f  normal sahne at the same 
time the t reated animals rece ived the drug injection 

Protocol For  mos t  drugs,  the first expe r imen t  was  de- 
signed to de te rmine  an acute  dose - r e sponse  curve  For  LSD,  
for example ,  five doses  ranging f rom 0 0003-0 03 mg/kg were  
tes ted  m each m e m b e r  o f  a colony of  five monkey s  in a 
Lat in-square  design Only one monkey  r e c e w e d  t rea tment  
per  day and at least  14 days  e lapsed before  ano ther  dose  o f  
LSD was adminis te red  to the same ammal  Since it was  tm- 
practical  to conduc t  subsequen t  s tudies on all act ive doses  of  
each  hal lucinogen,  one dose  of  each  drug was  se lec ted  to be 
used in the more  en taded  s tudies  which  fol lowed 

The effect  o f  repea ted  adminis t ra t ion of  hal lucinogens 

was s tudied for seven  subs tances ,  LSD,  DMT, 5 -MeODMT,  
DET,  p sdocm,  mescahne ,  and DOM In these  exper imen t s ,  
one  dose  (see above)  was  admlmste red  once  dally at the 
same txme each  day for 5-12 c o n s e c u t w e  days  Behavioral  
observa t ion  was  conduc ted  on each  day of  drug admmtst ra-  
tlon In socml colony expe r imen t s ,  2-3 monkeys  rece ived 
drug t rea tment  at the same time In the dyads ,  only one  of  
the two animals rece ived drug throughout  the t rea tment  
period In each case ,  there  was a c ros s -ove r  so that  each 
monkey  received the same t rea tment  by the comple t ion  of  
the exper iment  

The two shor t -act ing hal lucinogens,  DMT and 
5 -MeODMT were  also tes ted  using more  f requent  adminis-  
trat ion In these  exper imen t s ,  DMT, 2 mg/kg, and 
5 -MeODMT,  0 25 mg/kg, were  adminis tered  IM every  25-35 
minutes  for 9 hours  Behavioral  observa t ion  was conduc ted  
every  o ther  hour  (0-1 hr, 2-3 hr, 4-5 hr, 6-7 hr, and 8--9 hr 
after rejection) One rejection needed  to be given during each 
observa t ion  sess ion Observa t ion  began 5 minutes  after re- 
j ec t ion  (as with previous  expe r imen t s  with these  drugs) At 
30 minutes  into the sess ion there  was a 5 mmute  break to 
adminis te r  the inJections The obse rve r  was asked to leave 
the room during this t ime The observa t ion  then cont inued 
for the remaining 30 minutes  The next  reject ions were  ad- 
mlms te red  immedia te ly  af ter  the o b s e rv e r  f inished the ob- 
servat ion  sess ion and had left the room Data from the two 
30-minute segments  were  combined  to give the 60 minute 
obse rva t ion  scores  The hal lucinogen was  then adminis tered  
to the same m o n k e y s  once  again the next  day 26 hours after 
the first rejection to de te rmine  if the to lerance  pers is ted  The 
expe r imen t  was conduc t ed  m a social colony of  five animals 
Two to three mo n k ey s  rece ived  t rea tment  at the same time 
Those  ammals  not receiving drug were  given an equivalent  
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FIG 1 The dose-dependent induction of the emergent behawors 
hmb jerks and body shakes in monkeys by LSD (sohd hne) Each 
point represents the mean_+SEM per acute dose for five monkeys 
The related non-hallucinogen hsurlde (dotted hne) is shown for 
comparison purposes Statsltlcal sxgmficance is shown as **p<0 01 
when compared with respective baseline value Taken from 
Schlemmer and Daws [17] 

volume of normal saline IM each time the treated monkeys 
received drug rejection Each of  the experiments was pre- 
ceded by a one day basehne observation where all monkeys 
received a 9 hour injection regimen of normal saline identical 
to that during drug treatment Behavioral observations were 
conducted every other hour as well 

An experiment to determine if cross-tolerance developed 
between mescaline and LSD was conducted in a colony of 
four animals Following basehne, two monkeys received one 
dose of  mescaline, 17 mg/kg Two weeks later these mon- 
keys received one injection of LSD, 0 01 mg/kg, for two 
consecutive days followed by mescaline on the third day 
The other two monkeys in the colony received LSD for two 
days and mescaline on day three, then the acute dose of 
mescaline two weeks later 

Several drugs with known action on certain neurotrans- 
mltter systems were administered in combination with 

5-MeODMT (1) to determine if any of these agents would 
antagonize the behavioral effects of this hallucinogen and (2) 
to gain insight into the mechanisms by which this hallucino- 
gen ellc,ts its behavioral effects Experiments were con- 
ducted using social colonies of 4-5 monkeys in a cross-over 
fashion with 2-3 monkeys receiving drug treatment at the 
same time Each experiment began with a baseline observa- 
tion period of  no less than four days Then 5-MeODMT, 0 25 
mg/kg, was given alone once daily for five consecutive days 
This was followed by administration of the test drug for 14 
consecutive days with the exception ofpentobarbltal Dunng 
the first 7 days, the test drug was administered alone with 
observation occurring on days 3-7 Then 5-MeODMT was 
administered concomitantly with the test drug dunng the 
final five days Drugs tested with 5-MeODMT included the 
serotontn antagonists clnanserm HCl (Squibb, Princeton, 
NJ), 5 mg/kg, metergohne (Farmltaha, Milan, Italy), 0 3 
mg/kg, methyserglde maleate (Sandoz, Hanover, N J), 1 
mg/kg, cyproheptadlne HCI (Merck, Sharp, and Dohme, 
West Point, PAL I mg/kg, and methlothepln maleate (gift 
from Dr M Protlva, Prague, Czechoslovakia), 0 15 mg/kg, 
the dopamine antagonists haloperldol (McNeil, Ft Washing- 
ton, PA), 0 1 mg/kg, and tnfluoperazlne HCI (Smith, Khne, and 
French, Philadelphia, PA), 0 02 mg/kg, the chohnesterase 
inhibitor, physostlgmlne (O'Neal,  Jones and Feldman, St 
Louis, MO) 0 04 mg/kg, in combination with peripheral antl- 
chohnerglc methscopolamlne HC1 (Upjohn, Kalamazoo, 
MI), 0 01 mg/kg, the phenothlazlne antihistamine 
promethazlne HCI (Wyeth, Philadelphia, PAL 2 mg/kg, and 
the anxlolytlc, dlazepam (Roche, Nutley, N J), 1 mg/kg The 
hypnotic pentobarbltal Na (Abbott, North Chicago, ILL 
7 5 mg/kg, was administered acutely alone and two weeks 
later with 5-MeODMT Clnanserln, metergohne, methyser- 
g,de, cyproheptadme, and dmzepam were given once daily 
2-2 5 hours prior to observation Methlothepln was admlms- 
tered once daily 22 hours prior to observation Halopendol, 
trlfluoperazlne, and promethaztne were admm,stered twice 
dally with the last injection given 2 5 hours prior to observa- 
tion Physostlgmme was given 45 minutes and pentobarbltal 
30 minutes prior to observation 

Statist ical analy~t~ All data are expressed as the dally 
mean_+SEM score per observation session for each behav- 
ior Data were analyzed usmg a two-way analysis of variance 
(ANOVA) or a three-way partially-crossed ANOVA The 
least significant difference method was used to compare 
means within an analysis 

R E S U L T S  

Acute  Admmtstrat ton  oJ Hallu~ mogen~ and 
Primate Beha~ u .  

Onset  and duration oJ a~ turn The hallucinogens with the 
most rapid onset of action and shortest duration of action 
were DMT and 5-MeODMT Behavioral changes were noted 
as quickly as 30 seconds to one minute after IM lnjecUon 
The effect peaked within 20-30 minutes Basehne behav,or 
usually returned within 60 minutes The onset of action of 
LSD was 10-15 minutes after in lectlon with a peak effect 
between 40-60 minutes Significant behavioral changes were 
typically diminished within two hours The hallucinogen 
with the longest onset of  action was mescahne Significant 
behavioral changes were not noted until 45-60 minutes after 
injection and lasted up to 4 hours Other hallucinogens tested 
had an onset of action, peak effect, and duration of action 
equal to or between that of LSD and mescahne 
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FIG 2 The lnductton of limb jerks by hallucinogens in monkeys In addition to nine 
hallucinogens, the effect of four related non-hallucinogens is also shown Each bar repre- 
sents the mean_SEM for four to five monkeys in social colonies or dyad groups Statisti- 
cal slgmficance IS shown as **p<0 01 when compared to respective baseline value Taken 
from Schlemmer and Davis [17] 

General efJects All hallucinogens tested mduced abnor- 
mal behavior and disrupted normal behavioral interactions 
One major distraction could be made between hallucinogens 
upon gross appearance of the treated monkeys Most mon- 
keys appeared sedated when treated with most hallucinogens 
(LSD, mescaline, TMA, MDA, psflocm, psdocybm, DET) 
However,  DMT- and 5-MeODMT-treated animals did not 
appear sedated and at nines even appeared hyperactive This 
can be noted by comparing scores for lying down for LSD, 
5-MeODMT, and DMT, and locomotion scores for LSD and 
DMT (Table 1) 

Soctal behavtor All hallucmogens had profound effects 
on socml interacnons, usually reducing or ehmmatmg them 
Affihanve behavior was pnmarfly disrupted For  example, 
lmtlated social grooming, an ~mportant cohesive behavior m 
this species, was invariably reduced or ehmmated by hal- 
lucmogentc drugs (Tables 1-2) Distancing scores (tzme spent 
away from other monkeys) were usually mcreased slgmfi- 
cantly for hallucinogen-treated monkeys (Table 1, dis- 
tance>3 ft), but rarely to the extent of  total ~solanon Hal- 
lucinogens tended to increase the number of submissive ges- 
tures given by treated monkeys although this did not always 
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FIG 3 Correlation between the hallucinogen dose which induces 
hmb jerks in monkeys and the hallucmogemc dose reported for hu- 
mans in log scale The vertical brackets represent the reported 
human halluclnogemc dose range for each drug Taken from 
Schlemmer and Daws [17] 

reach statistically significant levels (Table 1) Interestingly, 
this was not due to an increase in aggressive gestures di- 
rected to the treated monkeys 

Sohtao' behawot Hallucinogens also induced significant 
changes in important solitary behaviors as well Monkeys 
treated with sedative hallucinogens, such as LSD, often sat 
on a perch or the cage floor, or were lying down with their 
eyes open, but did not appear to be particularly concerned 
with most ongoing cage activity Many of these monkeys had 
ptosis (Tables 1 -21  Monkeys treated with DMT or 
5-MeODMT, the non-sedative hallucinogens, appeared more 
alert and restless Locomotion scores were either signifi- 
cantly elevated or unchanged from baseline levels (Table 1) 
Checking scores (visual scanning) were increased by most 
hallucinogens (Tables 1-2) On the other hand, self grooming 
was significantly reduced by most hallucinogens (Tables 1-2) 

Emergent behavun Hallucinogens induced two behav- 
iors which were seen infrequently, if at all, durlng observa- 
tion of  undrugged behavior These were hmb jerks and body 
shakes 

Limb jerks are myoclonlc spasms of the extremities 
After injection of a hallucinogen, hmb jerks are often fre- 
quent and intense, and may involve any extremity, but most 
often the legs There was great varlablhty in the number of 
hmb jerks induced in treated monkeys However ,  this re- 
sponse appeared to be consistent across hallucinogens for 
each monkey In other words, monkeys having a large 
number of limb jerks with one hallucinogen had a compara- 
tively large number of limb jerks with other hallucinogens 
Limb jerks were induced in a dose-dependent manner as 
seen for LSD in Fig 1 All ten hallucinogens tested in these 
experiments induced limb jerks in all monkeys (Fig 2) On 
the other hand, 40 psychoactive substances which are known 
not to be hallucinogenic in humans failed to induce a signifi- 
cant number o fhmbje rks  in this species Of the latter drugs, 

four are of  particular interest Llsuride and BOL, close 
structural congeners of LSD, DMPEA, a phenethylamlne 
congener, and tryptamlne all failed to induce a significant 
Increase in hmb jerks from basehne levels (Fig 2) In addi- 
tion, pilot studies in our laboratory with individually caged 
Stumptall macaques have revealed that the serotonln uptake 
inhibitor fluoxetlne in acute doses up to 3 mg/kg failed to 
ehclt limb jerks Importantly, the dose necessary to induce 
hmb jerks in monkeys correlates significantly (r=0 99) with 
the reported human hallucinogenic dose of the ten hallucino- 
gens tested (Fig 3) 

Body shakes resemble the response of a dog after emerg- 
ing from water ("wet dog shakes") The response begins 
with vigorous, momentary shaking of the head and upper 
torso which quickly continues down the body Like limb 
jerks, only hallucinogens induce body shakes in this species, 
however, not all hallucinogens induced this response LSD, 
mescahne, DOM, MDA, TMA, DMT, and 5-MeODMT in- 
duced a significant number of body shakes, but DET, psllo- 
tin, and psllocybln did not (Fig 4) In contrast to the hmb 
jerk response, the threshold dose for the induction of body 
shakes was usually lower than that for hmb jerks and the 
dose-response curve for body shakes is an "inverted U'" 
type as seen with LSD in Fig I Therefore as hmb jerks 
become more intense, body shakes often decreased in inten- 
sity Whether there is a direct interaction between these be- 
haviors is unclear at this time, but this is certainly possible 

7ole/an( e 

Since tolerance develops to the hallucinogenic effect of 
most hallucinogens in humans, experiments were conducted 
to test the effect of  repeated administration of several hal- 
lucinogens in monkeys Tolerance developed within five 
days to LSD, mescaline, DOM, DET, and psllocln with once 
dally administration (Table 3) However,  tolerance failed to 
develop to DMT and 5-MeODMT within 8-12 days using the 
same treatment schedule This parallels the development of 
tolerance to these compounds in humans for those hallucino- 
gens that have been tested (Table 3) When tolerance to a 
specific hallucinogen did occur, it was not noted with every 
behavioral change induced by that hallucinogen 

Tolerance was first evident with the limb jerk response, 
but also was noted with body shakes, ptosls, and increased 
checking Conversely, tolerance did not develop to the dis- 
ruption of either social or self grooming with 5-12 day treat- 
ment with any of the five hallucinogens (LSD, mescaline, 
DOM, psllocln, and DET) where tolerance had developed to 
hmb jerks 

Since the only hallucinogens falling to show tolerance also 
had the shortest duration of action, experiments were con- 
ducted where DMT and 5-MeODMT were given more fre- 
quently than once a day to determine if frequency of admin- 
istration is an important determinant of tolerance When both 
DMT and 5-MeODMT were given at 30 minute intervals over a 
period of several hours, tolerance developed to both drugs with 
limb jerks (Fig 5), body shakes, and checking Moreover, as 
tolerance developed, treated monkeys had a significant in- 
crease in resting, heretofore, not seen with either of these 
agents (Fig 6) Therefore, the non-sedative hallucinogens 
appeared more like sedative hallucinogens during frequent 
repeated administration Tolerance still persisted 26 hours 
after the first injection of 5-MeODMT, but not DMT 

An experiment was conducted to determine if cross- 
tolerance between two hallucinogens could be demonstrated 
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FIG 4 The reduction of body shakes by most hallucinogens m monkeys In addition to 
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represents the mean+_SEM for four to five monkeys m socml colonies or dyad groups 
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m this model When mescahne was administered one day 
following two dady injections of  LSD, hmb jerks and body 
shakes were significantly lower than after the first LSD re- 
jection and after acute mject~on of  mescahne to the same 
monkeys at a d~fferent t~me (Table 4) This demonstrates that 
cross-tolerance does develop between these two hallucino- 
gens 

AntagontJm oJ Hallu~ mogen-lndu~ ed Behavtot m Prtmate~ 

The hallucinogen 5-MeODMT reduced six major behav- 
ioral changes m monkeys-- the  reduction of  (1) hmb jerks and 
(2) body shakes, (3) a reduction in mltmted social grooming, 
(4) an increase m distancing from other monkeys, (5) an in- 
crease m submissive gestures gwen by treated monkeys, and 

(6) an increase m checking The best antagomsm was seen 
with 5-MeODMT-mduced emergent behaviors The seroto- 
nm receptor antagomsts metergohne, methyserg~de, 
cyproheptadme, cmanserm, and methlothepm all prevented 
hmb jerks and body shakes from nsmg above the residual 
basehne levels when 5-MeODMT was gwen (Fig 7) The 
dopamme antagomsts (and anti-psychotics) halopendol and 
mfluoperazme also slgmficantly antagonized 5- 
MeODMT-mduced hmb jerks and body shakes, but faded to 
return them to basehne levels The chohnesterase inhibitor, 
physost~gmme, was surprisingly effectwe m antagomzmg 
these behawors However,  the non-antlpsychot~c 
phenothmzme anUh~stamlne, promethazme, and the 
anxlolytlc-hypnotlcs, dlazepam and pentobarbltal faded to 
reduce hmbjerks and body shakes to or near basehne levels 
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T A B L E  3 

COMPARISON OF TOLERANCE TO HALLUCINOGENS IN MONKEYS AND HUMANS 

Drug Tolerance 
(Dose) Tx Day n Limb Jerks Body Shakes  m H u m a n s  

d -LSD Base 5 0 3 2 - +  0 14 077_+  0 l l  yes 
(0 01) Day l 57 00 +_ 16 49 + 9 75 _+ 2 78+ 

Day 2 17 50 _+ l0 24t§ 4 75 _+ 1 31t~ 

DMT Base 5 0 17_+ 0 0 6  098_+  0 0 9  no 
(200)  Day 1 28 40_+ 6 3 5 t  620_+ 2 3 5 t  

Day 8 30 60_+ 5 6 0 t  600_+ 274+ 

5-MeODMT Base 9 0 11 _+ 0 06 0 87 _+ 0 16 unknown  
(025)  Day 1 1600_+ 5 11? 878  _+ 1 137 

D a y 5  18 78 _+ 6 6 0 t  8 II + 1 01+ 

DET Base 4 0 0 0  + 0 0 0  090_+ 023  unknown  
(2 00) Day 1 84 00 -+ 24 81t 2 00 _+ 1 00 

Day 4 41 50 _+ 18 30t6 l 50 _+ 0 50 

Psdocm Base 4 490_+ 1 18 1 05 + 023  yes 
(0 40) Day 1 46 25 _+ 22 41? 1 00 + 0 71 

Day 5 24 25 _+ 13 14% 0 00 _+ 0 00 

Mescahne  Base 4 4 90 _+ 1 18 1 05 _+ 0 23 yes 
(17 00) Day 1 43 00 _+ 27 65t  18 75 _+ 1 84t 

Day 4 26 25 _+ 14 90t II 00 _+ 2 45?§ 

DOM Base 4 490_+  1 18 105 +_ 023  yes  
(0 17) Day ! 119 00 + 51 29+ 20 25 _+ 4 77t  

Day 4 31 75 + 25 85v§ 8 75 +_ 2 87t§ 

All monkeys  received drug t rea tment  once a day All doses  are hsted as the mg (base)/kg 
Statistical s lgmficance as indicated by *p<0  05 when  compared  to respect ive basehne ,  

? p < 0  0! when  compared  to respect ive  baseline,  :~p<0 05 when compared  to Day 1 of  t rea tment ,  
§p<0  01 when  compared  to Day 1 of  t rea tment  

E x p e n m e n t s  with LSD,  DMT,  and 5 -MeODMT were conducted  in sooa l  colonies Experi- 
ments  wath DET,  Psdocm,  Mescal ine,  and DOM were conducted  m dyads 

A d d i t i o n a l  s t u d i e s  in o u r  l a b o r a t o r y  h a v e  d e m o n s t r a t e d  t h a t  
c l n a n s e r l n ,  m e t h i o t h e p l n ,  a n d  h a l o p e r l d o l  h a v e  a s i m i l a r  
p ro f i l e  o f  a n t a g o n i s m  o f  l i m b  j e r k s  a n d  b o d y  s h a k e s  m d u c e d  
b y  an  a c u t e  d o s e  o f  L S D  w i t h  h a l o p e r l d o l  b e i n g  s l i gh t ly  l e s s  
e f f e c t i v e  t h a n  t h e  s e r o t o n m  a n t a g o n t s t s  

O n  t h e  o t h e r  h a n d ,  n o  d r u g  t e s t e d  a n t a g o n i z e d  all b e h a v -  
iora l  c h a n g e s  i n d u c e d  by  5 - M e O D M T  T h i s  w a s  m o s t  ev i -  
d e n t  w i t h  t h e  d i s r u p t i o n  o f  a f f i l i a t lve  b e h a v i o r  N o n e  o f  t h e  
a g e n t s  t e s t e d  r e s t o r e d  i n i t i a t ed  soc i a l  g r o o m i n g  o r  d~s t anc lng  
s c o r e s  to b a s e l i n e  l e v e l s  w h e n  g i v e n  w i t h  5 - M e O D M T  (F ig  
7) O n l y  m e t e r g o l l n e  w a s  pa r t i a l l y  e f f e c t i v e  in r e v e r s i n g  t h e  
r e d u c t i o n  in soc i a l  g r o o m i n g  a n d  t h e  i n c r e a s e  in d i s t a n c i n g  
C l n a n s e r l n  a n d  p e n t o b a r b t t a l  w e r e  t h e  o n l y  o t h e r  d r u g s  t h a t  
pa r t i a l l y  a n t a g o n i z e d  t h e  i n c r e a s e  In d i s t a n c i n g ,  b u t  n e i t h e r  
s i g n i f i c a n t l y  a l t e r e d  t h e  r e d u c t i o n  m soc ia l  g r o o m  s e e n  w i t h  
5 - M e O D M T  

T h e  i n c r e a s e  in s u b m i s s i v e  g e s t u r e s  i n d u c e d  by  
5 - M e O D M T  s h o w e d  still  a n o t h e r  a n t a g o n i s m  pro f i l e  H a l o -  
p e r l d o l ,  t r l f l u o p e r a z i n e ,  a n d  m e t h l o t h e p i n  all a n t a g o n i z e d  
t h e  i n c r e a s e  in s u b m i s s i v e  g e s t u r e s  g i v e n  b y  t r e a t e d  m o n -  
k e y s  (F ig  6) T h e  f i r s t  t w o  a r e  p o t e n t  d o p a m l n e  r e c e p t o r  
a n t a g o n i s t s  wh i l e  m e t h l o t h e p l n  b l o c k s  b o t h  s e r o t o n l n  a n d  
d o p a m l n e  r e c e p t o r s  C o n v e r s e l y ,  t h e  s e r o t o n l n  a n t a g o n i s t s  
m e t e r g o l l n e ,  m e t h y s e r g i d e ,  c y p r o h e p t a d l n e ,  a n d  c l n a n s e r i n  
c a u s e d  a s i g n i f i c a n t  i n c r e a s e  in s u b m i s s i v e  g e s t u r e s  a b o v e  
5 - M e O D M T  t r e a t m e n t  l e v e l s  w h e n  e a c h  w a s  a d m i n i s t e r e d  
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FIG 5 The development  of  tolerance to the hal lucinogens 
5 -MeODMT and DMT m monkeys  with frequent  administrat ion as 
seen with the hmb jerk response  Each point represents  the 
m e a n _  + SEM limb jerks  for four monkeys  per 60 minute  obse rvanon  
sess ion Each drug was  administered every 25-35 minutes  for 9 
hours ,  then re-administered 26 hours  after the mmal  t rea tment  
Stanstlcal  slgmficance Is shown as *p<0  05 or *~p<0 01 when  
compared  to respecnve  basehne  t p < 0  05 or ++p<0 01 when com- 
pared to value for first hour  o f  observaUon (0-1 hr ) 
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FIG 6 Increase m resting wath frequent admmastraUon of 
5-MeODMT and DMT m monkeys Each point represents the 
mean±SEM for four monkeys per 60 minute observauon ses~aon 
Each drug was administered every 25-35 minutes for 9 hours, then 
re-admJmstered 26 hours after matlal treatment Statasttcal sagmfi- 
cance is shown as *p<0 05 or **p<0 01 when compared to respec- 
tave baseline fp<0 05 or ~fp<0 01 when compared to value for first 
hour of observataon (0-1 hr) 

with the hallucinogen Submiss ive  gesture scores were also 
increased when promethaz lne ,  d lazepam, and pentobarbt tal  
were administered with 5 - M e O D M T  

5-MeODMT-induced  an increase in checking,  a behav- 
ioral change seen with many psychotomlmet lc  agents The 
increased checking was antagonized to varying extents  by 
each of  the drugs tested excep t  promethaz lne  (Fig 7) 

DISCUSSION 

Hallucinogens have been administered to a large number  
o f  species ranging from spiders to primates F rom these re- 
ports it is apparent  that hal lucinogens induce a wide variety 
of  behavioral  and physiological  changes in animals A major  
problem facing hallucinogen researchers  is discerning which 
changes are relevant  to the effects  of  hal lucinogens in hu- 
mans or  useful in determining the mechanisms  by which 
these substances elicit their  psychotomlmet lc  effect  In view 
of  the present  difficulties in conduct ing hallucinogen re- 
search in humans,  it is imperat ive  that reliable animal models  
be deve loped  These  data  suggest that the pr imate  social 
colony paradigm may be a very useful animal model  for 
studying the action of  hal lucinogenic drugs 

O v e r  the past three decades ,  there have been but a few 
reports  of  the effects of  hal lucinogens on uncondi t ioned be- 
havior  in primates Unfor tunate ly ,  some of  these studies 
have used very large doses  of  hallucinogens to elicit behav- 
ioral effects  [6,10], making the interpretat ion of  these results 
difficult In the present  study,  all hal lucinogens were  studied 
within or  near  the reported human dose range for each drug 
Important ly ,  there is an excel lent  correlat ion be tween  the 
act ive  doses  of  hal lucinogens in monkeys  and humans  in this 
model  

Some behavioral  changes (ptosls, appearance  of  sedation,  
apparent  lack of  interest  in the act ivi ty of  others)  induced in 
this study are similar to those seen in humans during hal- 

T A B L E  4 

CROSS TOLERANCE BETWEEN MESCALINE AND LSD 
IN MONKEYS 

Behavior 

Drug Lamb Jerks Body Shakes 

Basehne 0 00 ± 0 00 1 00 -+ 0 22 
Acute Mescaline 10 00 ± 4 43* 11 50 ± 2 10" 

LSD Day I 19 00 ± 3 72* 10 50 ± 1 94* 
LSDDay2  900 + 1 78* 925 ÷ 1 89* 
Mescahne Day 3 1 00 _+ 0 71t 7 25 + I 03*f 

Doses Mescahne 17 mg/kg, LSD 0 01 mg/kg 
Statastacal significance as indicated by *p<0 01 when compared to 

Baseline, l-p<0 01 when compared to Acute Mescaline 

luclnogen intoxication Unfor tunate ly ,  none o f  the hal- 
lucinogens consistently induced any behavioral  change 
suggest ive of  hallucinations Although o ther  invest igators  
have reported tracking, grabbing in the air (presumably at 
imaginary objects),  and unexpec ted  startle in monkeys  
treated with hallucinogens [2, 11, 18], these events  occurred  
only very rarely throughout  our  studies even  at higher doses  
that bordered toxicity Therefore ,  this model  must primarily 
be considered a correlat ive model  of  hallucinogen act lwty 

The behavioral  change induced by hal lucinogens which 
best correla tes  with the human hallucinogenic response is 
h m b j e r k s  It differs from the " l i m b  f l ick"  response induced 
by hallucinogens in cats [19a,20] in appearance  (M E Trul- 
son, personal communica t ion ,  F J White,  personal  com- 
munication) The limb je rk  in monkeys  is a sudden myo-  
clonlc spasm of the entire hmb,  whereas  the hmb flick in cats 
resembles  the response of  a cat a t tempting to " f l i c k "  a 
foreign substance (e g ,  water) off  its paw Whether  or  not 
the limb flick is an involuntary response is open to quest ion 
However ,  the limb jerk  response appears  to be involuntary 
~lnce hal lucinogen-treated monkeys  will somet imes  sit with 
their  arms folded tightly around their legs in an apparent  
a t tempt  to prevent  hmb jerks  This response is seen in- 
f requent ly in drug-free monkeys  and appears to be selec- 
t ively induced by substances  that are known to be hal- 
lucinogenic in humans Relevant  psychoact ive  compounds  
that did not induce a significant number  of  limb jerks  upon 
,icute administrat ion include BOL,  hsurtde, d -or 
/ -amphetamine ,  apomorphlne ,  phencychdlne  (PCP), and 
f luoxetlne LlSurlde is of  particular interest since It has 
produced false posit ives o ther  animal models  of  hallucinogen 
activity [12, 15, 21a, 22] A difference be tween  LSD and 
hsurlde in inducing h m b j e r k s  has also been noted in African 
green vervet  monkeys  (Cer~optthetu~ aethu~ps) (E B 
Nielsen,  personal communica t ion)  Fur thermore ,  in the 
present  study, LSD induced o ther  behavioral  changes in ad- 
dition to limb jerks  that were  not seen with hsurlde [17] 

One drug that deserves  mention at this point is the 
serotonln agonlst  quipazlne Acute  administrat ion of  
qulpazlne,  1 and 3 mg/kg, induces limb jerks  (and body 
shakes) in all monkeys  tested [16a] Despite the abundance  
of  animal studies with qulpazlne,  few chnlcal studies with 
this drug have been conducted  Of  those in the l i terature,  
none have reported the induction of  hallucinations (or many 
o ther  behavioral  effects) by qulpazlne This has been taken 
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FIG 7 The effect of several psychotroplc drugs on 5-MeODMT-mduced behavioral changes in monkeys Each bar represents the 
mean_+SEM for each behavior for four to five monkeys Basehne (Base) is shown as stripped bars, 5-MeODMT treatment alone in sohd bars, 
and concomitant 5-MeODMT-antagonlst treatment m open bars Drugs tested with 5-MeODMT include metergohne (MeteJ), methyserglde 
(Methyl  cyproheptadme (Cypro), cmanserln (Cman), haloperldol (Halo), tnfluoperazme (Tnfluo), promethazlne (Prometh), pentobarb~tal 
(Pento), methlothepm (Methlo), physostlgmme methscopolamme (Physo), and dlazepam (Dlaz) Statistical slgmficance is shown as *p<0 05 
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as e v i d e n c e  tha t  qu lpaz lne  lS not  ha l luc inogenic  [22], but  it is 
ou r  op in ion  tha t  cau t ion  should  be exe rc i sed  un to  a full re- 
por t  of  the  behav io ra l  r e s p o n s e s  to q m p a z l n e  in h u m a n s  ove r  
a r e a s o n a b l e  dose  range  is ava i lab le  N e v e r t h e l e s s ,  
qu lpaz lne  may  p roduce  a false pos i t ive  r e s p o n s e  in this  
model  A final j u d g e m e n t  awai t s  hopeful ly  f o r t h c o m i n g  clini- 
cal r epor t s  

T o l e r a n c e  deve loped  to the  h m b  j e rk  r e s p o n s e  which  
paral le l led that  seen in h u m a n s  wi th  each  ha l luc inogen  

Rapid to le rance  deve loped  to LSD,  mesca l ine ,  D a M ,  and 
ps t locm,  but  not  to D M T  when  the  drugs  were  admin i s t e r ed  
once  a day  Al though  there  are no repor t s  of  r epea ted  admin-  
i s t ra t ion  of  5 - M e O D M T  in humans ,  to le rance  also faded to 
deve lop  to 5 - M e O D M T  w h e n  it was  admin i s t e red  once  a day 
for  up to 12 days  H o w e v e r ,  upon  more  f r equen t  admin is t ra -  
t ion of  D M T  and 5 - M e O D M T ,  a to l e rance  qual i ta t ive ly  simi- 
lar to LSD did deve lop  to bo th  of  these  shor t -ac t ing  hal- 
luc inogens  This  f inding is m ag reemen t  with  those  of  



H A L L U C I N O G E N  MODEL IN PRIMATES 391 

Domino with DMT m rats [8] and Trulson and co-workers 
with 5-MeODMT in rats [21] These results emphasize the 
Importance of time course m the study of hallucinogens Fi- 
nally, in past chmcal studies, cross-tolerance was demon- 
strated between some hallucinogens including mescahne and 
LSD [2,23] In agreement with those findings, cross- 
tolerance between mescaline and LSD was demonstrated m 
this model as well 

Therefore, four requirements for a good model of hal- 
lucinogen activity [9] have been demonstrated for the limb 
jerk response (1) apparent specificity, (2) correlation with 
human dose, (3) tolerance, and (4) cross-tolerance between 
hallucinogens 

An ~mportant feature of the model ~s that behaworal 
changes other than the limb jerk response can be evaluated 
simultaneously For example, monkeys treated with most 
hallucinogens appeared sedated, but not when treated with 
DMT and 5-MeODMT Therefore, comparative studies of  
closely related hallucinogens which differ shghtly, such as 
DMT (non-sedative) and DET (sedative) may be useful in 
dehneatmg the mediation of hallucmogemc and non- 
hallucmogemc properties of these agents Other behavioral 
changes reduced m monkeys by hallucinogens may have rel- 
evance to the study of psychotic processes The increase in 
d~stancmg from other antmals and the reduction in m~tmted 
socml grooming indicate the social w~thdrawal often seen in 
treated monkeys Withdrawal is considered one of the pri- 
mary symptoms of schizophrenia [4] We have previously 
argued that the Increase in submissive gestures given by 
monkeys treated with psychotomlmet~cs m the absence of  an 
increase in aggresswe gestures directed toward that animal 
may model human paranom [16] Briefly, this suggestion is 
supported by three pieces of ewdence (1) Since the in- 
creased submissiveness appears to be unprovoked, the 
treated monkey apparently considers a non-threatening 
s~tuat~on as being threatening which bears s~mllanty to 
human fear or paranom (2) Only psychotomlmetlcs known 
to cause paranoid states in humans induce this combination 
of responses m monkeys (3) Only drugs (anti-psychotics) 
which antagomze endogenous or drug reduced paranma m 
humans effectively block th~s response in monkeys There- 
fore, behavioral changes induced by hallucinogens m the 
chnlcal s~tuatlon other than hallucinations (e g , withdrawal, 
paranom) may be studied m th~s model as well Th~s ~s impor- 
tant since these often neglected symptoms frequently may be 
more detrimental than the hallucinations p e t  se and do not 
necessardy follow the seventy and t~me course of the hal- 
lucinations 

Interestingly, several of the behavioral changes reduced by 
hallucinogens in monkeys are also reduced m th~s species by 
chromc d-amphetamine treatment [17] This ~s particularly 
true of DMT and 5-MeODMT Behavioral changes common 
to both classes of psychotomlmetlcs include increased dis- 
tancing, decreased socml grooming, an increase in submts- 
s~ve gestures, and increased checking On the other hand, 
limb jerks and body shakes have only been noted at low 
intensity m a few amphetamine-treated monkeys later (3- 
8 days) m chromc treatment 

Additional studies with 5-MeODMT as the hallucinogen 
further demonstrate the utility of th~s model as a paradigm to 
screen for potennal hallucinogen antagonists and for gaining 
insights into the mechamsms mediating the behavioral 
changes induced by hallucinogens in primates Although In- 
dividual behavioral changes were antagonized by selective 
agents, no drug completely reversed the behavioral abnor- 

mahtles Induced by 5-MeODMT Serotonln antagonists and 
physostlgmlne were most effective m antagonizing the emer- 
gent behaviors hmb jerks and body shakes Since all drugs 
which induce this behavior have serotonln agonlst properties 
whde centrally-active antlchohnerglcs such as atropine do 
not, the results suggest that serotonln systems play an ~mpor- 
rant role in the mediation of these responses Chollnerglc and 
probably dopamlne systems also appear to be revolved On 
the other hand, dopamme systems appear to have a primary 
role m mediating the increased submissiveness reduced by 
5-MeODMT This is consistent w~th a report that 
5-MeODMT acts as an redirect dopamlne agomst as well as 
hawng serotonm agonlst properties [3] The fact that none of 
the agents tested reversed the d~srupt~on of affillatwe behav- 
ior induced by 5-MeODMT suggests that the action of this 
hallucinogen may be mediated by other systems as well 
Similar studies w~th other hallucinogens are needed to see ff 
these findings hold true across hallucinogen classes 

In summary, a primate model has been presented which 
represents a unique approach to the study of hallucinogenic 
drugs in a socml s~tuat~on The model offers a paradigm 
where a large number of potentmlly relevant behaviors can 
be observed simultaneously One emergent behavior, hmb 
jerks, appears to be selectively induced by hallucinogens 
Although it is unhkely that the hmb jerk response is the 
non-human primate equivalent of hallucinations, it may have 
heuristic value m the study of halluclnogemc drugs This 
model lends Itself well for studies looking to screen for po- 
tential hallucinogen antagonists A good antagonist should 
return normal behavior as well as reverse abnormal behavior 
such as hmbjerks The model is also well suited for studying 
the role of various neurotransmitter systems in the mediation 
of hallucinogen-reduced behavior in primates Documenta- 
tion of hallucinogen-reduced behaworal responses in pri- 
mates combined with the predictive value of the hmb jerk 
response makes this model particularly attractive for hal- 
lucinogen research at a time when controlled human studies 
have been severely restricted 
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