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DAVIS, M. AND M. H. SHEARD. Biphasic dose-response effects of  N-N.dimethyltryptamine on the rat startle reflex. 
PHARMAC. BIOCHEM. BEHAV.2(6) 827-829 ,  1974 . -The  startle reflex was measured in 4 groups of 10 rats each after 
intraperitoneal injection of saline or 0.12, 0.25, 0.50 or 4.00 mg/kg N-N-dimethyltryptamine (DMT). Low doses (0.25 and 
0.50) of DMT augmented startle but the high dose (4.0) depressed startle. This biphasic dose-response relationship is 
consistent with the hypothesis that startle is enhanced when midbrain raphe neurons are inhibited but depressed when cells 
post-synaptic to raphe neurons are also inhibited. 

DMT N-N-dimethyltryptamine Startle 

]RECENT evidence suggests t ha t  the  m i d b r a i n  raphe  
neu rons  serve an i m p o r t a n t  role in the  m o d u l a t i o n  of  the  
acoust ic  s tar t le  reflex.  Lesions of  these  nucle i  resul t  in a 
p r o f o u n d  increase in the  amp l i t ude  of  the  s tar t le  ref lex [3 ] .  
Very  low doses of  lysergic acid d i e t hy l am i de  (LSD),  which  
inh ib i t  r aphe  n e u r o n s  [1]  a u g m e n t  s tar t le  [ 4 ] .  With h igh 
enough  doses, however ,  LSD appears  to  suppress  s tar t le  
s o m e w h a t  [4 ] .  M i c r o i o n t o p h o r e t i c  studies,  in which  LSD 
has been  appl ied d i rec t ly  to  r aphe  n e u r o n s  and n e u r o n s  
which  are pos t synap t i c  to  the  raphe,  ind ica te  tha t  low doses 
of  LSD specifically and  d i rec t ly  inh ib i t  the  firing rate  of  
r aphe  n e u r o n s  [5 ] .  With high e n o u g h  doses,  however ,  LSD 
also inh ib i t s  cells wh ich  are p o s t s y n a p t i c  to  the  r aphe  [ 5 ] .  
Based on  these  resul ts  it has been  suggested t ha t  s tar t le  
a m p l i t u d e  is e n h a n c e d  w h e n  raphe  neu r ons  are inh ib i t ed  
bu t  is depressed w h e n  cells pos t s ynap t i c  to the  r aphe  nuclei  
are also inh ib i t ed  [4 ] .  

A n o t h e r  ha l luc inogen ic  drug t ha t  has similar effects  on  
the  raphe  n e u r o n a l  sys tem is N - N - d i m e t h y l t r y p t a m i n e  
(DMT).  Low doses of  DMT appl ied m i c r o i o n t o p h o r e t i c a l l y  
inh ib i t  t he  firing rate  of  r aphe  neu r ons  whereas  high doses 
also inh ib i t  cells pos t s ynap t i c  to  the  r aphe  nuclei  (Haigler  
and  Aghajan ian ,  in p repa ra t ion ) .  In a previous  s tudy,  doses 
of  1 to  16 mg/kg  of  DMT depressed start le ,  wi th  a grea te r  
depress ion  the  h igher  the  dose [2 ] .  Doses lower  t h a n  1.0 

mg/kg  were no t  used. Given the  fact  t ha t  low doses of  DMT 
can di rect ly  and  specifically inh ib i t  un i t  f ir ing in r aphe  
n e u r o n s  w i t h o u t  a de tec tab le  effect  on  cells t ha t  are post -  
synap t ic  to  the  raphe,  low doses of  DMT should  also 
a u g m e n t  start le,  if  i nh ib i t i on  of  the  r aphe  nucle i  is indeed  
associated wi th  an e n h a n c e m e n t  of  s tart le .  If, the re fore ,  a 
suff ic ient ly  wide range of  doses were employed ,  s tar t le  
ampl i tude  should  bear  a b iphasic  re la t ionsh ip  to DMT: 
e n h a n c e m e n t  at low doses and  depress ion  at high doses. The  
purpose  of  the  p resen t  s tudy  was to tes t  this  possibi l i ty .  

METHOD 

Animals 

F o r t y  naive, male,  a lb ino  Sprague-Dawley rats  tha t  
weighed b e t w e e n  2 5 0 - 3 0 0  g were used. Prior  to  tes t ing  the  
rats  were housed  in group cages of  4 - 5  rats  each in a large 
co lony  r o o m  tha t  was ma in t a ined  on a 12 : 12 l i g h t - d a r k  
schedule.  Food  and  wate r  were c o n t i n u o u s l y  available. 

Apparatus 

The appa ra tus  has been  descr ibed in detai l  e lsewhere  
[3 ] .  Briefly, 5 separate  s t ab i l imete r  devices were used to 
record  the  amp l i t ude  of  the  s tar t le  response.  Each  stabili-  

1This research was supported by United States Public Health Service Grants MH-17856 and MH-07114, by National Science Foundation 
Grant GB-23685 and the State of Connecticut. Our thanks to Lee Schulhof for her help in data collection and analysis. 

2 Reprint request should be sent to Michael Davis, Yale University School of Medicine, 34 Park Street, New Haven, Connecticut, U.S.A. 
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FIG. 1. Left: Mean amplitude startle response after saline or various doses of DMT. Right: Same data expressed as percent 
change in startle after DMT relative to saline. 

meter  consis ted of  a 3.5 x 6 x 6 in. Plexiglas and wire mesh 
cage suspended be tween  compress ion  springs within a 
wooden  frame. Cage movemen t  resulted in d isp lacement  of  
an acce le rometer  where the resul tant  voltage was propor-  
t ional to the velocity of  d isplacement  which def ined the 
ampl i tude  of  the  startle response.  The s tabi l imeters  were 
housed in a dark, venti lated,  sound a t t enua ted  chamber  
45 in. f rom a loudspeaker .  The startle st imulus was a 
4000 Hz, 90 msec tone  having a rise-decay t ime of  5 msec. 
Background white  noise, provided by a whi te  noise gen- 
erator,  was 46 dB as measured on the  A-scale of  a General  
Radio Model  1551-C sound level meter.  

Procedure 

On the first exper imenta l  day each rat was placed in a 
s tabi l imeter  and after 5 rain presented  wi th  10, 115-dB 
tones  at a 30 sec inters t imulus  interval. Based on the aver- 
age startle ampl i tude  across these 10 tones,  the 40 rats were 
divided into 4 groups of  10 rats each, with each group 
having similar means and variances. 

On the second exper imenta l  day which came 24 hr later, 
half  the rats in each group were injected in t raper i toneal ly  
with 1 cc 0.9% saline and the o ther  half  with ei ther  0.12, 
0.25, 0.50 or 4.0 mg/kg DMT, using a d i f ferent  matched  
group for each of  the 4 doses. Immedia te ly  after the injec- 
t ions the rats were placed in the chamber  and 5 min later 
presented with a series of  30 tones,  with 10 tones  at each of  

3 intensi t ies  (110, 115, and 120 dB). The various intensit ies 
were presen ted  at a 30 sec in ters t imulus  interval in an 
irregular order  such that  each in tensi ty  fol lowed itself and 
every o the r  in tensi ty  equally o f t en  and the various inten- 
sities were dis t r ibuted un i formly  over the entire sequence 
of  30 tones.  This mult iple intensi ty  test  procedure  was used 
to insure that  startle ampl i tude  would be sampled over a 
wide range of  the scale, since startle ampl i tude  shows a strong 
dependence  on the in tensi ty  of  the acoustic  stimulus. 

On the third exper imenta l  day (24 hr later) the identical 
procedure  was conduc ted  except  in this case drug condi- 
t ions were reversed so that  animals that  received saline the 
day before now received DMT and vice-versa. In this way 
each animal served as his own contro l  with respect  to drug 
condi t ion  while dosage was varied be tween  animals. 

R E S U L T S  

The left panel in Fig. 1 shows the mean ampl i tude  startle 
response fol lowing injection of  saline or DMT at each of  the 
4 doses that  were used. The right panel shows the  percent  
DMT-saline d i f ference  at each of  the  4 doses. The results 
were collapsed over days and over the 3 test  intensi t ies  
since the pa t te rn  of  d i f ferences  was highly similar on each 
day and at each of  the 3 test  intensities.  Figure 1 indicates 
that  over this dose range, DMT did have a biphasic effect  on 
startle ampl i tude  which was highly significant, F(1,36)  = 
17.29, p<0 .001 .  A dose of  0.25 mg/kg DMT significantly 
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a u g m e n t e d  s tar t le  (t  = 3.11,  dr= 9, p < 0 . 0 1 )  whereas  a dose  
of 4 .0  mg/kg  s ignif icant ly  depressed s tar t le  ( t  = 3.55,  d f  = 
9, p = <0 .01 ) .  

A s u b s e q u e n t  e x p e r i m e n t  was also c o n d u c t e d  in wh ich  
rats  were in jec ted  wi th  saline or  0.5 mg/kg  DMT or 4.0 
mg/kg  DMT (n = 20 for  each  c o n d i t i o n )  and  t h e n  p resen ted  
wi th  tones  for  40 min  at a 10 sec ISI i m m e d i a t e l y  a f te r  
be ing  in jec ted  to  evaluate  the  t i m e  course  of  the  DMT 
e, ffects.  With 0.50 mg/kg  dose, s tar t le  was p o t e n t i a t e d  very 
rapidly wi th  the  peak ef fec t  occur r ing  in a b o u t  4 min  and 
no  p o t e n t i a t i o n  b e y o n d  12 min.  With the  4 .0  mg/kg  dose, 
s tar t le  was depressed a f te r  a b o u t  5 min  w i th  peak  depres- 
s ion at 10 rain wi th  no  depress ion  b e y o n d  20 rain. 

DISCUSSION 

The  presen t  resul ts  c o n f i r m  the  e x p e c t a t i o n  t h a t  low 
doses of  DMT shou ld  e n h a n c e  s tar t le  similar to  low doses of  
LSD. They  also repl icate  the  previous  f ind ing  t h a t  h igh  
closes of  DMT depress  start le .  A l t h o u g h  it is possible  t h a t  
per iphera l  e f fec ts  of  DMT or the  ef fec ts  of  DMT on bra in  
sites o t h e r  t h a n  the  r aphe  nucle i  may  have in f luenced  
s tar t le  in a b iphas ic  way,  the  data  are at  least  c o m p a t i b l e  

wi th  the  idea t ha t  i nh ib i t i on  of  the  m i d b r a i n  r aphe  nuclei  is 
associa ted w i th  an  e n h a n c e m e n t  of  s tar t le  whi le  i nh ib i t i on  
of  cells pos t synap t i c  to the  r aphe  is associated wi th  a 
depress ion  of  start le.  

I t  should  be  po in t ed  ou t  t h a t  the  magn i tude  of  s tar t le  
p o t e n t i a t i o n  by  low doses of  DMT was small  and s o m e w h a t  
less t h a n  p o t e n t i a t i o n  by  low doses of  LSD. For  example ,  
u n d e r  similar cond i t ions ,  LSD caused a 5 0 - 7 0 %  increase in 
s tar t le  [4]  compared  to  the  1 5 - 3 0 %  increase  in the  p resen t  
s tudy  using DMT. On the  o t h e r  hand ,  depress ion  of  s tar t le  
wi th  h igh doses of  DMT seems to be easier to  p roduce  t h a n  
depress ion  of  s tar t le  wi th  high doses of  LSD. Put  a n o t h e r  
way,  t he  ra t io  b e t w e e n  doses t ha t  augmen t  s tar t le  and  ones  
t ha t  depress  s tar t le  seems to be bigger wi th  LSD than  wi th  
DMT. While a specific s tudy  which  d i rec t ly  c o m p a r e d  
d i f fe ren t  doses of  DMT and LSD on  s tar t le  would  be  
necessary  to  d e m o n a t r a t e  th is  d i f ference ,  this  impress ion  is 
cons i s ten t  wi th  very  r ecen t  ev idence  which  indica tes  DMT 
to be  more  p o t e n t  t h a n  LSD in depress ing  cells post-  
synap t ic  to  the  r aphe  at doses which  have equiva lent  effects  
on  raphe  neu rons  themse lves  (Haigler and  Aghajan ian ,  in 
p repara t ion) .  
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