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DAVIS, M. AND M. H. SHEARD. Effects o f  lysergic acid diethylamide (LSD) on temporal recovery (pre-pulse inhibi- 
tion) o f  the acoustic startle response in the rat. PHARMAC. BIOCHEM. BEHAV. 3(5) 861-868,  1975 . -  In a series of 
6 experiments 40 #g/kg d-lysergic acid diethylamide (LSD) augmented acoustic startle amplitude in rats when long 
intertone intervals (4, 8, 16, or 32 sec) were used but not when short interstimulus intervals were used (0.02, 0.1, 0.5, 
l,  or 2 sec). In contrast, 8 mg/kg d-amphetamine augmented startle when either long or short interstimulus intervals were 
used. The results suggest that LSD augments startle by accelerating the decay of pre-pulse inhibition (temporal 
recovery process) which may be one mechanism by which LSD can alter sensory processing. 
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Temporal recovery process 

A M O N G  the  mos t  d r ama t i c  effects  o f  d-lysergic acid di- 
e t h y l a m i d e  (LSD)  are the  changes  it p roduces  in sensory  
pe rcep t ion .  Words  such  as vivid, in tense ,  or  f luid are fre- 
q u e n t l y  used to descr ibe the  world,  par t i cu la r ly  the  visual 
wor ld ,  as i t  appears  a f te r  LSD [ 1 3 ] .  One possible  explana-  
t ion  for  these  pe rcep tua l  changes  is t h a t  LSD m ay  al low the  
r ecep t i on  o f  a grea ter  n u m b e r  of  sensory  s t imul i  per  un i t  
t ime a n d / o r  increase the  subject ive  in tens i ty  of  i ncoming  
sensory i n f o r m a t i o n .  

To a c c o u n t  for  the  changes  in sensory  pe rcep t ion  t ha t  
occu r  a f t e r  LSD it  has been  p roposed  t ha t  LSD in te r fe res  
wi th  h a b i t u a t i o n  [ 2 0 ] .  Fo r  example ,  Key and  Bradley  [20]  
showed  tha t  a s t imulus  wh ich  in i t ia l ly  p rovoked  EEG 
arousal  in s leeping cats failed to  do so af ter  several repet i -  
t ions .  As soon  as a m i n u t e  dose of  LSD (5 ~tg/kg) was 
in jec ted ,  however ,  t ha t  same s t imulus  or  even m u c h  less 
in tense  s t imul i  n o w  p rovoked  EEG arousal .  The  conc lus ion  
was t h a t  LSD in t e r f e red  wi th  the  n o r m a l  process  of  hab i tu -  
a t ion .  It  was also shown,  however ,  t ha t  in  animals  wh ich  
were no t  h a b i t u a t e d  to the  arous ing  s t imulus ,  the  same dose 
of  LSD also decreased the  t h r e sho ld  for  EEG arousal .  Since 
in this  case, n o  h a b i t u a t i o n  had  yet  occur red ,  i t  would  be 
di f f icul t  to  conc lude  t ha t  LSD af fec ted  sensory  pe rcep t ion  
by  in te r fe r ing  wi th  h a b i t u a t i o n .  

Using the  acous t ic  s tar t le  response  in the  rat  as an index  
of  exc i tab i l i ty  to  sensory  s t imula t ion ,  Miliaressis and  St- 
L a u r e n t  [23]  f o u n d  t ha t  doses of  60, 120 or 240 /ag/kg 
LSD vs saline resul ted  in a u g m e n t e d  s tar t le  ampl i tude  w h e n  
loud  tones  were repe t i t ive ly  p resen ted  3 0 - 4 0  rain af te r  
in jec t ion .  When  the  ini t ial  s tar t le  levels of  the  var ious 
g roups  were set to  a c o m m o n  value of  100 percen t ,  subse- 
q u e n t  rates  of  percen tage  d e c r e m e n t  were s lower in the  
LSD groups  t h a n  in the  saline group.  Based on this  observa- 
t ion  it  was conc luded  t h a t  LSD in te r fe red  wi th  hab i tua t ion .  
It  was also the  case, however ,  t h a t  s tar t le  levels to  the  first 
several t ones  ( t h a t  is before  any  h a b i t u a t i o n  had  occur red)  
were h igher  in the  LSD groups  as well and  the  abso lu te  
decrease in s tar t le  amp l i t ude  was the  same or even greater  
in the  LSD groups  c o m p a r e d  to the  saline group.  Again, the  
increase in s tar t le  ampl i tude  to the  init ial  tones  would  be 
di f f icul t  to  a t t r i b u t e  to  impai red  hab i t ua t i on ,  since hab i tu -  
a t ion  had  no t  yet  occurred .  

At  a b o u t  the  same t ime  it was found  t ha t  doses of  20,  
40  or  160 /ag/kg LSD also a u g m e n t e d  the  ampl i tude  of  the  
acous t ic  s tar t le  response  [ 9 ] .  More i m p o r t a n t ,  it was shown  
tha t  the  increase in s tar t le  a m p l i t u d e  to the  very first t ones  
the  an imal  had  ever heard  resul ted  f rom increased sensitiza- 
t ion  to  b a c k g r o u n d  noise,  wh ich  is typica l ly  used in audi-  
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tory exper iments  to mask extraneous  sounds. Thereafter ,  
the rate of  subsequent  response decrement  of  the LSD 
animals was indistinguishable f rom that  of  the saline ani- 
mals. Based on these results it was concluded that  LSD did 
no t  interfere with habi tuat ion but instead augmented the 
normal  process of  sensit ization to background exper imental  
condit ions.  

In a series of  studies subsequent  to that  finding it was 
not iced,  however,  that  LSD did not  augment  startle when 
tones were repeated at relatively short intervals even though 
it consistently did when tones were presented at relatively 
long intervals. This interact ion between LSD and interval 
length suggested that  LSD, in addit ion to influencing sensi- 
t izat ion to background noise, might also alter processes that  
develop very rapidly after st imulus exposure.  

To study processes that  occur  after a st imulus is pre- 
sented, pairs of  stimuli can be presented and sensory or 
moto r  evoked responses to each stimulus measured. When 
this is done, the size o f  the evoked response to the second 
st imulus is typically smaller, the shorter the interval be- 
tween the two  stimuli. Variously labelled the recovery 
process, temporal  recovery process, recovery cycle, excita- 
bility cycle or  pre-pulse inhibi t ion,  the basic phenomenon  
has been repor ted  in a wide variety of  exper imenta l  situa- 
tions [2, 4, 6, 12, 14, 16, 18, 22, 24, 26, 28] .  Cross modal  
temporal  recovery effects,  where presentat ion of  a st imulus 
in one modal i ty  inhibits the response to a st imulus in 
another  modal i ty  presented short ly thereaf ter  also occur  
[12, 19, 25, 27] .  Al though similar to habi tuat ion in the 
sense that  simple stimulus exposure results in subsequent  
response a t tenuat ion,  the t ime course of  this phenomenon  
is relatively short,  on the order of  msec or sec vs min, hr or 
even months  for habi tuat ion (cf. [21]) .  In addit ion,  direct 
exper imental  tests have been able to demonst ra te  the sepa- 
rate influences of  pre-pulse inhibi t ion and habi tuat ion using 
a variety of  paradigms [7, 29] .  

To explain these findings it has generally been assumed 
that st imulus exposure,  in addit ion to eliciting the mea- 
sured response, also activates an inhibi tory process which 
then decays over t ime. As the interval between the first and 
the second stimulus is increased, responsivity to the second 
stimulus increases because of  the progressive decay of  inhi- 
bit ion activated by the first stimulus. If LSD decreased 
stimulus-elicited inhibi t ion or perhaps accelerated its rate of  
decay this should increase the subjective intensi ty of  subse- 
quent  incoming st imulat ion and/or  allow the recept ion of  a 
greater number  of  sensory stimuli per unit  t ime. 

The acoustic startle reflex in the rat is a part icularly 
sensitive index of  the temporal  recovery process. Startle 
ampli tude can be inhibited by extraordinar i ly  weak audi- 
tory pre-pulses [17] or relatively weak visual pre-pulses 
[19] over several msec or by the eliciting stimulus itself 
over several sec [7 ,29] .  The purpose of  the fol lowing series 
of experiments ,  therefore,  was to evaluate whether  LSD 
would alter the normal  t ime course of  the tempora l  recov- 
ery process using the acoustic startle reflex. 

E X P E R I M E N T  1 

The purpose of  Exper iment  1 was to evaluate whether  
the length o f  the interst imulus interval (ISI) does, in fact, 
make a difference as to whether  or  not  a given dose of  LSD 
will augment  startle. To test this, rats were injected with 
LSD or saline and then presented with a series of  tones at a 
long ISI fol lowed by a series of  tones at a short ISI fol- 

lowed by a series of  tones at a long ISI. Only a single dose 
of  40 og/kg was used since detailed dose response studies 
on the effects  of  LSD on startle are already available 
[9 ,23] .  Testing was conduc ted  over a period extending 
from 10 to 32 rain after inject ion,  which is a period of  
maximal  LSD action on startle [9] for this dose. 

Method 

Animals. In this and all subsequent  exper iments  the ani- 
mals were exper imenta l ly  naive male albino rats of  the 
Sprague-Dawley strain that weighed between 300 and 350 
g. Upon receipt f rom the supplier (Charles River Co.) the 
rats were housed in group cages of  4 - 5  rats each in a large 
co lony  room that was maintained on a 12:12 light-dark 
schedule. Food  and water were cont inuously  available. 

Apparatus. Five separate s tabi l imeter  devices were used 
to record the ampli tude o f  the startle response. Each stabili- 
meter  consisted o f  a 3.5 X 6 X 6 in. Plexiglas and wire mesh 
cage suspended with a 10 X 8 X 8 in. wooden frame. Within 
this frame the cage was sandwiched between 4 compression 
springs above, and a 2 X 2 in. rubber cylinder,  below, with 
an accelerometer  (M.B. Electronics Type 302) located 
be tween the b o t t o m  of  the cage and the top of  the rubber  
cylinder.  Cage movemen t  resulted in displacement of  the 
accelerometer  and the resultant  voltage was fed through a 
matched accelerometer  amplifier (M.B. Electronics Model 
N504), the ou tpu t  of  which was propor t iona te  to the veloc- 
i ty of  accelerometer  displacement.  

The amplified signal was then fed to a specially designed 
sample and hold circuit. Basically this circuit  consisted of  5 
channels, 1 for each stabilimeter,  and was used to sample 
the peak accelerometer  voltage that occurred during a 200 
msec t ime band immedia te ly  after the onset of  the startle- 
eliciting stimulus. Immedia te ly  prior to this sample period, 
each channel was discharged so that any spontaneous activ- 
ity occurring between st imulus exposures was erased. In 
this way the ampli tude of  the startle response of  5 rats was 
recorded s imultaneously and stored in one of  each of  the 5 
channels. Immedia te ly  after the sample period the ou tput  
of  each of  the 5 channels was digitized through a specially 
designed analog to digital conver tor  and fed into a 14 chan- 
nel Newpor t  Printer. With 2 printing channels per cage, 
startle ampli tude could vary from 0 to 99, allowing appreci- 
able resolution among various startle amplitudes.  

The 5 stabilimeters were located in an 8 X 8 X 7 foot  
dark, venti lated,  sound a t tenuated chamber  (Industrial  
Acoustic  Co.). They were placed 45 in. f rom an Altec, 
high-frequency loud speaker, which was used to provide a 
4000 Hz, 90 msec tone  which was generated by a Hewlet t  
Packard audio generator,  amplified through an Altec 100 W 
power amplifier and shaped through a Grason-Stadler elec- 
tronic switch to have a rise-decay t ime of  5 msec. Back- 
ground white noise was provided by.a Grason-Stadler white 
noise generator.  The intensi ty  of  the tone (115 db) and the 
white noise (46 rib) was measured with a General Radio 
Model 1551-C sound level meter  (A scale) by placing the 
microphone  in each cage and posit ioning the cages to have 
comparable  readings. 

Procedure. A total  of  20 rats was used. On the first test 
day half  the rats were injected in t raper i toneal ly  (IP) with 
40 gg/kg LSD tartrate and half with an equivalent  vo lume 
(1 cc) of  0.9 percent  saline. Immedia te ly  after the inject ion 
the animals were placed in the startle test cages and 10 min 
later presented with 40 tones at a 15 sec ISI. Immedia te ly  
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af te r  this  series the  ISI was t u r n e d  d o w n  to  2 sec and  a to t a l  
of  50 tones  at a 2 sec ISI was p resen ted  fo l lowed immed i -  
a te ly  by  a second  series o f  40  tones  at a 15 sec ISI. Twen-  
t y - fou r  hr  la ter  the  same p rocedu re  was r epea t ed  e x c e p t  
t ha t  rats  t ha t  had  previously  been  in jec ted  w i th  LSD were 
n o w  in jec ted  wi th  saline and  vice versa. Each  an imal  t hus  
served as his o w n  cont ro l .  

Results and Discussion 

Figure 1 shows the  m e a n  amp l i t ude  s tar t le  response  over  
b locks  o f  4 t ones  (i.e. 1 min  per iods)  w h e n  the  ISI was 15 
sec and  over  b locks  o f  5 tones  (i.e. 10 sec per iods)  w h e n  the  
ISI was 2 sec. The  resul ts  were c o m b i n e d  over  the  2 tes t  
days since each day ' s  resul ts  were similar  and  an analysis  of  
var iance us ing days, drugs and  ISI as wi th in  animals  factors  
c o m b i n e d  over  b locks  o f  tones  f o u n d  no  s ignif icant  ma in  
ef fec t  o f  days  n o r  any  s ignif icant  i n t e r ac t i ons  involving 
days. 

Figure I shows  t ha t  LSD a u g m e n t e d  s tar t le  when  the  ISI 
was 15 sec bu t  n o t  when  it was 2 sec. Tha t  is, a l t h o u g h  
there  was no  overal l  LSD-saline d i f fe rence  in start le ,  
F (1 ,19 )  = 3.72,  p >  0.10,  the re  was a h ighly  s ignif icant  Drug 
by  ISI i n t e rac t ion .  A u g m e n t a t i o n  of  s tar t le  by LSD at  the  
15 sec ISI occur red  b o t h  before  ( t  = 3.17, dr= 19, p < 0 . 0 2 )  
and  af te r  ( t  = 2.64,  d f  = 19, p < 0 . 0 2 )  the  tes t  per iod  in 
which  the  ISI was 2 sec. The  lack of  d i f ference  at the  2 sec 
ISI c a n n o t  be a t t r i b u t e d  the re fo re  to  the  ef fec ts  of  the  drug 
having worn  o f f  at th is  t ime.  
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FIG. 1. Mean amplitude startle response over blocks of 4 tones (1 
rain periods) at the 15 sec ISI and over blocks of 5 tones (10 sec 
periods) at the 2 sec ISI following injections of saline or 40 ~g/kg 

LSD. 

Figure 1 also i l lus t ra tes  the  d i f fe ren t  types  of  response  
d e c r e m e n t  t h a t  can occur  dur ing repet i t ive  s t imulus  expo-  
sure. First ,  was the  general  decrease  in s tar t le  amp l i t ude  

across b locks  of  tones  at the  15 sec and  2 sec ISis, F (9 ,171 )  
= 3.84,  p < 0 . 0 0 1 ,  as well as the  decrease  in s tar t le  f rom the  
first to  the  second series of  15 second  tones ,  F (1 ,19)  = 
16.81, p < 0 . 0 0 1 .  These  decreases in s tar t le  indicate  tha t  
h a b i t u a t i o n  occur red  u n d e r  these  condi t ions .  Moreover ,  
LSD did no t  appea r  to  a l ter  h a b i t u a t i o n ,  since ne i the r  the  
Drug by  Blocks o f  Tones  i n t e r ac t i on  no r  the  Drug by Test  
Per iod i n t e r ac t i on  a p p r o a c h e d  stat is t ical  significance.  

The  o t h e r  form of  response  d e c r e m e n t  i l lus t ra ted  in Fig. 
1 was the  a b r u p t  decrease in s tar t le  amp l i t ude  when  the  
r epe t i t i on  ra te  was changed  f rom 15 sec to  2 sec, F (1 ,19)  = 
79 .21 ,  p < 0 . 0 0 1 .  This  change in s tar t le  t o o k  place because 
less t e m p o r a l  recovery  be tween  successive tones  could 
occur  in the  2 sec cond i t ion ,  since the  t ime  since an imme-  
dia te ly  previous  tone  was always less in the  2 sec compared  
to t he  15 sec cond i t ion .  Viewed in this  way, LSD appeared  
to  in t e rac t  wi th  the  t e m p o r a l  recovery  process  since it had  
no  fac i l i t a tory  ef fec t  on  star t le  at the  2 sec ISI bu t  on ly  at 
the  15 sec ISI, F (1 ,19 )  = 12.89, p < 0 . 0 1 :  

E X P E R I M E N T  2 

The  results  of  E x p e r i m e n t  1 suggest, therefore ,  t ha t  LSD 
might  a l te r  the  t e m p o r a l  recovery  process.  More specifically,  
if  t he  typica l  t e m p o r a l  recovery  paradigm were used in 
which  tones  (pre-pulses)  were p resen ted  at relat ively long 
intervals  fo l lowed by  tones  ( tes t  tones )  at relat ively shor t  
intervals ,  pre-pulse i nh ib i t i on  af te r  LSD at shor t  intervals  
(e.g. 2 sec) shou ld  be as great as t ha t  a f te r  saline, whereas  
pre-pulse inh ib i t i on  at longer  intervals  (e.g. 15 sec) should  
be less a f te r  LSD. The  purpose  of  E x p e r i m e n t  2 was to test  
this  direct ly.  

Method 

A to t a l  of  20 rats  was used. On the  first tes t  day hal f  the  
rats were in jec ted  IP wi th  LSD (40/~g/kg)  and hal f  wi th  an 
equ iva len t  vo lume  of  saline (1 cc). The  animals  were placed 
in the  tes t  cages and 32 sec la te r  p resen ted  a to ta l  of  56 
tones  (pre-pulse) .  Each t one  was fol lowed e i the r  2, 4, 8, or 
16 sec la te r  by  a second tone  ( test  tone) .  There  were 14 
occur rences  of  each of  the  4 tes t  intervals,  d i s t r ibu ted  
i rregular ly over  the  tes t  session wi th  the  res t r ic t ion  t ha t  
each  in terval  had  to occur  once wi th in  every b lock  of  4 
successive intervals.  The pre-pulse to  pre-pulse interval  
varied f rom 34 to 48 sec while the  tes t - tone  to pre-pulse 
interval  was c o n s t a n t  at  32 sec. This tes t  tone  to pre-pulse 
interval  was used since p re l iminary  work showed  recovery  
of  s tar t le  ampl i tude  u n d e r  these cond i t ions  to  be essential ly 
comple t e  by  32 sec. On the  second test  day all cond i t ions  
were ident ica l  excep t  t h a t  rats  t ha t  had been in jec ted  wi th  
LSD were n o w  in jec ted  wi th  saline and vice-versa. 

Results and Discussion 

Figure 2 shows the  mean  ampl i tude  s tar t le  response  to 
the  pre-pulse (P) and  to the  test  tones  at each of  the  various 
t e s t - i n t e r v a l s ,  c o m b i n e d  over trials and over days. 
A u g m e n t a t i o n  of  s tar t le  by  LSD was evident  on pre-pulse 
trials and  at all test  in tervals  excep t  the  2 sec interval .  An 
overall  analysis  of  var iance found  re l iably h igher  s tar t le  
ampl i tudes  af te r  LSD compared  to saline, F ( 1 , 1 9 ) =  13.18, 
p < 0 . 0 0 5 ,  rel iably greater  s tart le ,  the longer  the  tes t  
interval ,  F (4 ,76 )  -- 146.93,  p < 0 . 0 0 1 ,  and  a reliable drug by  
interval  i n t e rac t ion ,  F (4 ,76 )  = 17.3 l ,  p < 0 . 0 0 1 .  Subsequen t  
individual  compar i sons  using the  m e t h o d  of  Newman-Keuls  
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FIG. 2. Mean amplitude startle response to tones presented at 
various intervals after a pre-pulse tone following injections of saline 

or LSD. 

[30] revealed s ignif icant  a u g m e n t a t i o n  of s tar t le  by  LSD at 
every interval  excep t  2 sec ( p < 0 . 0 5 )  or every interval  
excep t  2 and 4 sec ( p < 0 . 0 1 ) .  

In order  to evaluate  the  t ime course of  LSD's  ac t ion  on  
start le unde r  these  cond i t ions ,  the  mean  start le  ampl i tude  
at each of  the  14 occur rences  of  the  4 tes t  intervals  and 
over the  4 pre-pulses dur ing  comparab le  per iods  were 
compu ted .  These  results  are shown  in Fig. 3, Similar  to  
previous  results [9]  this  dose of  LSD began to increase  
s tar t le  wi th in  a b o u t  10 rain a f te r  in jec t ion  and con t inued  to  
do so for  most  of  the  session. This was con f i rmed  by a 
s ignif icant  Drug by  Blocks of  Tones  in te rac t ion ,  F (13 ,260 )  
= 3 . 1 0 ,  p < 0 . 0 1 .  M o s t  i m p o r t a n t ,  there was no  
a u g m e n t a t i o n  of  s tar t le  at the  2 sec tes t  in terval  at any t ime,  
since there  was no  overall  LSD a u g m e n t a t i o n  of  s tar t le  at 
the  2 sec ISI, F (1 ,19)  = 0.31, p > 0 . 1 0 ,  no r  any  s ignif icant  
Drug by  Blocks of  Tones  i n t e r ac t i on  wi th in  the  2 sec IS! 
cond i t ion ,  F (13 ,260)  = 0.19,  p > 0 . 1 0 .  

E X P E R I M E N T  3 

The lack o f  d i f ference  be tween  saline and  LSD at the  2 
sec interval ,  in the  face of  s ignif icant  a u g m e n t a t i o n  at 
longer  intervals,  is crit ical to the  conc lus ion  tha t  LSD 

affects  the t empora l  recovery process  ra ther  than  s imply  
e levat ing overall  s tar t le  ampl i tude .  It is possible,  however ,  
t ha t  the  lack of  effect  at  the  2 sec ISI could  have been  
caused by  a f loor  effect .  Thus  LSD might  augmen t  s tar t le  at 
a 2 sec interval  bu t  this  effect  could have been  masked 
because s tar t le  amp l i t ude  in the  saline cond i t i on  was at the  
b o t t o m  of  the  m e a s u r e m e n t  sys tem a n d / o r  at an insensi t ive 
po in t  on the  scale. To test  this, it would  be necessary to 
inc lude  some intervals  shor t e r  t h a n  2 sec. If  s tar t le  ampli-  
tude  in the  saline c o n d i t i o n  were lower  t han  tha t  measured  
at a 2 sec interval  and ye t  LSD still did no t  augmen t  s tar t le  
at  these shor t  intervals  th is  would  show tha t  the  lack of  
di f ference at the  2 sec interval  was no t  an ar t i fac t  of  a f loor  
effect.  

M e t h o d  

A tota l  of  20 rats  were used. All cond i t ions  were iden- 
tical to  E x p e r i m e n t  2 e x c e p t  tha t  tes t  intervals  of  0.5, 1, 2 
and  16 sec were used. 

R e s u l t s  a n d  D i s c u s s i o n  

Cons i s ten t  wi th  the  earlier results,  Fig. 4 shows t ha t  LSD 
and  interval  length  in te rac ted ,  F (4 ,76)  = 17.31, p < 0 . 0 0 1 .  
Again LSD a u g m e n t e d  s tar t le  on pre-pulse trials ( p < 0 . 0 1 )  
and  at the  16 sec interval  ( p < 0 . 0 1 ) ,  using the  m e t h o d  of  
Newman-Keuls  for  mul t ip le  compar i sons  [ 3 0 ] .  In add i t ion ,  
start le ampl i tude  in the saline cond i t ions  at  the 0.5 and 1 
sec intervals  was lower  than  it was at  the  2 sec in terval  ( t  = 
5.43 and 5.26, p < 0 . 0 0 1 ) .  The lack of  an LSD effec t  at the  
2 sec interval  c a n n o t  be a t t r i bu t ed ,  the re fore ,  to a f loor  
ef fec t  and suppor t s  the conc lus ion  tha t  LSD does not  
decrease the  i nh ib i t o ry  impac t  of pre-pulse s t imula t ion  but  
ins tead  increases the  rate of  decay of  tha t  inh ib i t ion .  

E X P E R I M E N T  4 

Recent ly ,  cons iderab le  a t t e n t i o n  has been devoted  to 
very  shor t  pre-pulse i n h i b i t o r y  effects  which  occur  wi th  
star t le  [ 1 6 , 1 9 ] .  By using a pre-pulse which  i tself  does no t  
elicit any  measurable  s tar t le  response,  it can be shown  tha t  
exposure  to  tha t  pre-pulse still results  in cons iderable  inhi- 
b i t ion  of  subsequen t  s tar t le  which  is max imal  in a b o u t  
4 0 - 6 0  msec, decaying  thereaf te r .  Based on the  results  pre- 
sen ted  so far, one would  expec t  tha t  LSD would  no t  aug- 
m e n t  s tar t le  over  these shor t  intervals.  A direct  tes t  is neces- 
sary, however ,  since a d i f fe rent  type  of  pre-pulse is requi red  
to explore  these  shor t  intervals  and LSD might  act differ- 
en t ly  with this type  of  pre-pulse.  

M e t h o d  

The p rocedure  was ident ica l  to  tha t  in E x p e r i m e n t  2 
excep t  tha t  (a) test  intervals  of  2, 100, 2000  msec or 32 sec 
(no  pre-pulse - N P )  w e r e  used  and (b)  t he  pre -pu l se  was  a 
20 msec burs t  of  46 db whi te  noise p resen ted  above a back-  
g round  noise o f  28 db.  The  rest ing b a c k g r o u n d  noise of  28 
was thus  lower  than  the  rest ing b a c k g r o u n d  noise of  46 db 
in the previous  exper imen t s .  

R e s u l t s  a n d  D i s c u s s i o n  

Figure 5 shows the  mean  amp l i t ude  s tar t le  on the  no  
pre-pulse trials and e i the r  20, 100 or 2000  msec a f te r  the  
pre-pulse.  No s tar t le  results  are shown for  the  pre-pulse 
trials since, in this  case, the  pre-pulse did no t  elicit  any  
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measurab le  start le .  Figure 5 i l lus t ra tes  t ha t  pre-pulse inhib i -  
t ion  grew f rom 20 to  100 msec,  decaying  the rea f te r ,  consis- 
t en t  wi th  previous  r epor t s  [ 16] .  Most  i m p o r t a n t ,  LSD did  
n o t  a u g m e n t  s tar t le  at any  of  these  in tervals  despi te  aug- 
m e n t a t i o n  on  the  n o  pre-pulse trials. This  was s u p p o r t e d  by  
an analysis  of  var iance  which  showed  no overal l  LSD ef fec t  
bu t  only  a rel iable in terval  effect ,  F (3 ,51 )  = 37 .72 ,  
p < 0 . 0 0 1 ,  and  a rel iable drug by  in terva l  i n t e rac t ion ,  
F(3 ,5  I)  = 3.99, p <  0.02,  ref lec t ing  s ignif icant  a u g m e n t a t i o n  
of  s tar t le  on ly  on  the  no  pre-pulse trials ( t  = 3.06,  d f  = 19, 
p < 0 . 0 1 ) .  The  fact  t h a t  th is  l a t t e r  d i f ference ,  a l t h o u g h  sig- 
n i f ican t  s ta t is t ical ly ,  was relat ively small  in compar i son  to  
the  LSD-saline d i f fe rences  in the  previous  e x p e r i m e n t s  at a 
32 sec in terval  was mos t  p r o b a b l y  a t t r i b u t a b l e  to  the  lower  
level o f  noise t h a t  was used, since b a c k g r o u n d  noise in ter -  
acts wi th  LDS's  e f fec t  on  s tar t le  [ 9 ] .  

LSD or w h e t h e r  it also occurs  when  s tar t le  ampl i tude  is 
a u g m e n t e d  in o t h e r  ways. One way to augmen t  s tar t le  
ampl i tude  is s imply  to p resen t  a louder  tone ,  since star t le  
shows a s t rong d e p e n d e n c e  on  s t imulus  in tens i ty  [ 1 0 ] .  
A n o t h e r  way is to  use a m p h e t a m i n e ,  since star t le  ampl i tude  
is increased af te r  d - a m p h e t a m i n e ,  provided the  dose is high 
enough  [ 5 ]. 

The purpose  of  the  present  expe r imen t ,  the re fore ,  was 
to compa re  the  effect  o f  these  a l te rna t ive  ways of  augment -  
ing s tar t le  on  the  t e m p o r a l  recovery  process  wi th  the  pre- 
v ious  data  on  LSD. The  par t icular  in tens i t ies  and dose of  
a m p h e t a m i n e  used were chosen  so t h a t  all 3 ways of  aug- 
m e n t i n g  s tar t le  would p roduce  roughly  comparab le  aug- 
m e n t a t i o n  at the  longer  tes t  intervals ,  based on exp lo ra to ry  
work.  In this  way the  cri t ical  direct  compar i son  be tween  
a u g m e n t a t i o n  at  long vs shor t  intervals  could  be made  
across the  var ious  condi t ions .  

EXPERIMENT 5 

Thus  far it has been  found  t ha t  LSD augmen t s  s tar t le  
when  tes t  intervals  are longer  t han  a b o u t  2 sec bu t  no t  if  
t hey  are shor te r .  In t e rms  of  the  t e m p o r a l  recovery  process  
the  data  suggest t ha t  s t imulus  exposure  u n d e r  LSD resul ts  
in as m u c h  inh ib i t i on ,  bu t  t ha t  LSD accelera tes  the  subse- 
q u e n t  rate o f  decay o f  t ha t  inh ib i t ion .  The  ques t ion  still 
remains ,  however ,  as to  w h e t h e r  this  ef fec t  is specific to  

M e t h o d  

Two groups  of  20 rats  each  were used. To measure  tem- 
poral  recovery  each  rat  was p resen ted  wi th  60 tones  (pre- 
pulse) fo l lowed e i the r  0.5, 1, 2, 4, 8, or 16 sec la ter  by a 
second  tone  ( tes t - tone) .  There  were 10 occur rences  of  each  
of  the  6 tes t  in tervals  d i s t r ibu ted  irregularly across the  ses- 
s ion wi th  the  res t r i c t ion  tha t  each interval  had  to  occur  
once  wi th in  each b lock  of  6 pre-pulses.  For  one group,  ha l f  
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the  rats  were in jec ted  IP wi th  8 mg/kg  d - a m p h e t a m i n e  sul- 
fate and  hal f  wi th  saline 5 min  pr ior  to  tes t ing  and  t hen  
re tes ted  1 wk later  u n d e r  oppos i te  drug condi t ions .  For  
these  animals  the  tone  in tens i ty  was always 110 db. For  the  
o t h e r  group of  rats, ha l f  were tes ted  first w i th  a 120 db 
tone  and  ha l f  wi th  a 110 db tone  wi th  the reverse condi-  
t ions  the  nex t  day. 

Results  and Discussion 

Figure 6 shows the  mean  ampl i tude  star t le  response  to 
the  pre-pulse and  at each of  the  6 tes t  intervals  for the  
groups  tes ted  wi th  a m p h e t a m i n e  vs saline ( u p p e r  panel)  and 
120 vs 110 db (midd le  panel) .  For  compara t ive  purposes  
the  c o m b i n e d  data  f rom E x p e r i m e n t s  2 and 3 using LSD vs 
saline is also shown  ( lower  panel) .  

Figure 6 shows t ha t  b o t h  a m p h e t a m i n e  or increasing the  
t one  in tens i ty  were successful in a u g m e n t i n g  s tar t le  and  
b o t h  of  these  effects  were highly signif icant ,  F (1 ,19)  = 
24.43,  p < 0 . 0 0 1  and  F(1 ,19)  = 68.40,  p < 0 . 0 0 1 ,  respec- 
t ively.  Tempora l  recovery  was also evident ,  F ( 6 , 1 1 4 ) =  
56.46,  p < 0 . 0 0 1  and  F (6 ,114)  = 121.27,  p < 0 . 0 0 1 ,  respec- 
t ively,  and  in b o t h  cases the  2 main  effects  in te rac ted ,  
F (6 ,114)  = 3.67, p < 0 . 0 0 5  and  F (6 ,114)  = 21.82,  p < 0 . 0 0 1 ,  
respect ively.  These  in te rac t ions  reflect  the  fact t ha t  the  
absolu te  size of  the  star t le  d i f ferences  be tween  amphe t -  
amine  vs saline or 120 vs 110 db cond i t ions  were smaller,  
the  shor t e r  the  test  interval .  Most  i m p o r t a n t ,  however ,  was 
tha t  despi te  be ing  s o m e w h a t  smaller,  h ighly signif icant  dif- 
ferences still exis ted at the  shor t  tes t  intervals  when  the  
a l ternat ive  m e t h o d s  of  augmen t ing  start le were used. Thus  
at the  2, 1 or 0.5 sec intervals  s tar t le  amp l i t ude  was higher  
af ter  a m p h e t a m i n e  vs saline or wi th  a 120 vs a 110 db tone  
(all p ' s < 0 . 0 1  using the  m e t h o d  of  Newman-Kuels  [ 3 0 ] ) .  

ALINE / 

I I I I 
- / / 2 0  I00 2000  :52000 

TEST INTERVAL(milliseconds) ( N P ) 
FIG. 5. Mean amplitude startle response to tones alone (NP) or to tones at various intervals (plotted on a log scale) after a 

20 msec burst of white noise following injection of saline or LSD. 
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This  is to  be c o n t r a s t e d  wi th  LSD which  did no t  a u g m e n t  
s tar t le  at any  o f  these  in tervals  even t h o u g h  it did a u g m e n t  
s tar t le  to  a s imilar  degree at longer  intervals .  

GENERAL DISCUSSION 

The  pr incipal  f indings of  the  p resen t  s tudy  were t ha t  
LSD a u g m e n t e d  star t le  when  long in t e r s t imu lus  in tervals  
were e m p l o y e d  bu t  no t  when  shor t  tes t  in tervals  were used. 
The  cri t ical  in terval  was be t w een  2 and  4 sec. The  lack of  
d i f ference  at 2 sec was no t  caused by  a f loor  ef fec t  since 

lower  s tar t le  levels could still be de tec ted  at 1 or  even 0.5 
sec intervals.  The  ef fec t  was s o m e w h a t  specific to  LSD, 
since o t h e r  ways of  a u g m e n t i n g  s tar t le  amp l i t ude  at long 
intervals  to  a level comparab le  to  tha t  p roduced  by  LSD 
resul ted  in a c o n c o m i t a n t  increase in s tar t le  amp l i t ude  at 
shor t  intervals  as well. Thus  a m p h e t a m i n e  or a h igher  tone  
in t ens i ty  increased s tar t le  ampl i tude  at  all tes t  intervals.  In 
col l t rast ,  LSD did no t  seem to  al ter  overal l  s tar t le  ampli-  
tude  bu t  ins tead  appeared  to a l ter  the  ra te  of  t e m p o r a l  
recovery.  

One possible m e c h a n i s m  by  which  LSD might  al ter  tem- 
poral  recovery  of  the  s tar t le  ref lex would  be to al ter  the  
t ime  course of  tone-e l ic i ted  middle  ear muscle con t r ac t i on .  
It  has been  r epo r t ed  t ha t  lesions of  the m o t o r  nuclei  which  
con t ro l  the  middle  ear muscles a t t e n u a t e  pre-pulse inhib i -  
t i on  of  the  acoust ic  s tar t le  ref lex using tes t  intervals  ranging 
f rom 1 to 16 sec [ 1 5 ] .  U n f o r t u n a t e l y ,  it is di f f icul t  to  
judge w h e t h e r  these  lesions do in fact  impl ica te  the  middle  
ear muscles  in pre-pulse inh ib i t i on  of  start le ,  since the  le- 
s ioned  rats had grossly a t t e n u a t e d  s tar t le  levels at  all inter-  
vals. F loor  effects  or  nonspec i f i c  effects  a t t r i bu t ab l e  to  sick 
animals  might  t he re fo re  have been  operat ing.  Nonethe less ,  
i t  is in te res t ing  to no t e  t ha t  when  tes t - tone /pre -pu lse  rat ios 
were c o m p u t e d  in t ha t  expe r imen t ,  pre-pulse inh ib i t ion  still 
was ev iden t  in the  les ioned rats  at 1 and 2 sec intervals  bu t  
no t  at the  4, 8 or  16 sec intervals.  Since LSD also had  
d i f fe ren t  effects  over these  same sets of  intervals  in the  
present  s tudy ,  it is possible t ha t  LSD s o m e h o w  al tered the  
n o r m a l  ac t ion  on  the  middle  ear muscles,  maybe  via the  
m o t o r  nuclei .  

A n o t h e r  possibi l i ty  would  be to assume tha t  t e m p o r a l  
recovery  effects  are a form of  sho r t - t e rm m e m o r y  [7 ] .  For  
example ,  i n f o r m a t i o n  conveyed  by  the  p re sen ta t ion  of  an 
aud i to ry  s t imulus  ( the  pre-pulse)  might  be t ransfered  in to  
some  sho r t - t e rm  m e m o r y  system.  If  response  to  a s t imulus  
was i nh ib i t ed  when  the  m e m o r y  of  tha t  s t imulus  or i ts  
i m p o r t a n t  a t t r ibu tes ,  such  as a b r u p t  onset ,  was well repre- 
sen ted  in shor t  t e rm  m e m o r y ,  t hen  response  levels shou ld  
be min imal  shor t ly  a f te r  a pr ior  exposure  to  tha t  s t imulus  
bu t  t h e n  increase as the  i n f o r m a t i o n  abou t  tha t  s t imulus  
decayed f rom shor t - t e rm memory .  Using this  mode l  the  
conc lus ion  would  be tha t  when  relat ively immed ia t e  tests  
o f  sho r t - t e rm  m e m o r y  are used (i.e. at shor t  test  intervals)  
LSD was ineffect ive ,  whereas  when  more  r emote  tests  (i.e. 
longer  tes t  intervals)  are used,  poo re r  recall a f te r  LSD was 
de tec ted .  

In the  present  con t ex t ,  th is  m e m o r y  i n t e rp re t a t i on  
would  pred ic t  t ha t  at very long test  intervals  or  when  ani- 
mals were exposed  to a loud  t one  for the very first t ime,  
LSD should  no t  have any  fac i l i ta tory  effect.  T h a t  is, once  
i n f o r m a t i o n  had  decayed  comple t e ly  f rom shor t - t e rm mem-  
ory (very long test  in tervals)  or when  no th ing  had ever been  
pu t  in to  m e m o r y  in the  first place (a naive an imal  wi th  
respect  to  the  tone )  LSD should  not  augmen t  s tar t le  if  i t  
were on ly  in f luenc ing  a memor i a l  process. However ,  explor-  
a to ry  work  using a 60 sec ISI or earlier work [9] in which  
response  ampl i tude  to the  very  first tone  a rat  had  ever 
heard  ind ica ted  t ha t  LSD still a u g m e n t e d  s tar t le  u n d e r  
these cond i t ions .  

It may  be, there fore ,  tha t  LSD has several ef fects  on  
start le .  One would  be to increase overall  s tart le ,  (e.g. by  
increas ing sens i t iza t ion  to noise)  and  the  o t h e r  to  increase 
pre-pulse i nh ib i t i on  as well as to  increase its rate of  decay.  
At  shor t  tes t  intervals  response  ampl i tude  af te r  LSD should  
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be higher by virtue of  its overall effect  on startle,  yet  lower 
by virtue of  its effect  o f  increasing pre-pulse inhibi t ion.  If  
these two  opposing  inf luences effect ively cancelled each 
o the r  out,  no LSD-saline difference would be found  over 
the  short  test  intervals. At the tong intervals, however ,  
when pre-pulse inhib i tory  effects  were now minimal,  the 
effect  of  LSD on overall startle ampl i tude  would be seen. 

In fact, if the absolute decrease in pre-pulse to tes t - tone  
ampl i tude  is used as a measure of  pre-pulse inhibi t ion,  Figs. 
2, 4, and 5 do indicate greater pre-pulse inhibi t ion after  
LSD. Moreover,  if the data in these figures are p lo t ted  in 
terms of  tes t - tone/pre-pulse  ratios, percent  inhibi t ion was 
greater for the LSD condi t ions  at short  intervals but  less at 
the longer intervals, represent ing enhanced  pre-pulse inhibi- 
t ion and accelerated recovery,  respectively.  

Enhanced  pre-pulse inhibi t ion by LSD might  occur if 
LSD increased the apparent  loudness o f  perhaps the "signif- 
icance"  of  the pre-pulse [3] since louder  pre-pulses result in 
greater subsequent  inhibi t ion [19] .  Accelerated tempora l  
recovery might  occur  if LSD inhibi ted mechanisms  nor- 
mally involved in the  main tenance  of  st imulus-elici ted inhi- 
bit ion.  A principal mode of  action of  LSD is to inhibit  unit  
firing of  cells in the midbrain raphe nuclei  [ 1 ] which them- 
selves appear to inhibit  the acoustic startle response [8] .  
Taken together ,  the various results suggest the midbrain 
raphe nuclei may be impor tan t  in modula t ing  startle and in 
maintaining pre-pulse inhibi t ion and that  LSD, by inhib- 
it ing this inhib i tory  mechanism,  enhances  startle along with 
accelerat ing the decay of  pre-pulse inhibi t ion.  
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