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DAVIS, M. AND M. H. SHEARD. Effects of  lysergic acid diethylamide (LSD) on habituation and sensitization of the 
startle response in the rat. PHARMAC. BIOCHEM. BEHAV. 2(5) 675-683, 1974. - In 4 experiments the effect of dqysergic 
acid diethylamide (LSD) on the acoustic startle response in rats was measured. A low dose (20 ~g/kg) facilitated startle but 
a high dose (160 t~g/kg) at first facilitated but then depressed startle somewhat relative to an intermediate dose (40 t~g/kg). 
2-brom LSD (199/~g/kg) had no detectable effect and 40 #g]kg LSD did not change startle in raphe-lesioned rats. LSD 
appeared to augment sensitization rather than acting on the startle circuit directly since it did not increase startle unless 
given in conjunction with either background noise or repetitive tones. LSD did not prevent between session habituation. 
Relationships between habituation, sensitization, and the midbrain raphe nuclei were discussed. 
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IT HAS long been recognized that reflex behavior can be 
diminished by repetitive presentation of the eliciting 
stimulus. This phenomenon has been called habituation and 
has been reported in many experiments [13,18]. There is 
now considerable evidence, however, which indicates that 
reflex behavior may also increase with repetitive stimulus 
exposure. This phenomenon has been termed sensitization 
and has also been seen in a variety of experimental situa- 
tions [ 11 ]. If these two divergent consequences of repeti- 
tive stimulus exposure represent fundamentally different 
processes, then it should be possible to find separate 
physiological mechanisms underlying each. 

Recently it was reported that lesions of the midbrain 
raphe nuclei result in a substantial increase in the amplitude 
of the acoustic startle reflex in the rat [10]. More inter- 
esting, a tone by tone analysis of the data suggested that 
the raphe lesion accentuated sensitization but did not 
interfere with either within or between-session habituation. 
These results suggest that the raphe neuronal system may 
be especially important in the modulation of startle and/or 
the regulation of sensitization as well as suggesting that 
habituation and sensitization at the behavioral level may be 
dissociated by a physiological manipulation. 

It is possible that the effects associated with lesions of 
the raphe nuclei were not specific to the raphe but instead a 
consequence of damage of  fibers of passage, or surrounding 
areas, or even non-specific lesion effects. A method which 
would specifically alter raphe function but which would 
not involve a lesion of  the raphe area would therefore be 
important to further study the relationship between startle 
and the raphe nuclei. 

There is now considerable evidence that systemic 
administration d-lysergic acid diethylamide (LSD)specif-  
icaUy inhibits cells within the midbrain raphe nuclei. These 
ceils have been shown to contain serotonin by histo- 
chemical techniques [5].  Very low doses of LSD given 
systemically cause a marked inhibition of the spontaneous 
firing rate of  raphe neurons [1] and direct microion- 
tophoretic ejection of LSD onto raphe neurons also inhibits 
their rate of firing [2].  More recently it has been demon- 
strated that raphe cells are much more sensitive to the 
inhibitory effects of  LSD than cells which are postsynaptic 
to them [ 12]. Further, LSD administered to animals with a 
mesencephalic-diencephalic transection still inhibits raphe 
firing rates [12]. Taken together these results suggest that 
systemic administration of  LSD causes a specific inhibition 
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of cells in the raphe nuclei that is not mediated by a 
neuronal feedback loop. 

If the augmentation of  startle amplitude associated with 
lesion of the raphe nuclei was caused by specific damage to 
raphe neurons and if LSD can specifically inhibit these 
neurons, then LSD should also produce an augmentation of 
startle amplitude. The purpose of the present series of  
studies was to evaluate this possibility. 

EXPERIMENT 1 

The purpose of Experiment 1 was to evaluate how 
various doses of LSD would affect acoustic startle ampli- 
tude. Intraperitoneal (I.P.) doses of 20, 40 and 160/~g/kg 
were chosen since previous studies have shown that similar 
doses can have either facilitatory (with low doses) or 
inhibitory (with high doses) effects on operant performance 
in the rat [15,17]. 

Method 

Animals. In this and all subsequent experiments the 
animals were experimentally naive male albino rats of the 
Sprague-Dawley strain that weighed between 300 and 
350 g. Upon receipt from the supplier (Charles River Co.) 
the rats were housed in group cages of 4 to 5 rats each in a 
large colony room that was maintained on a 12:12 l igh t -  
clark schedule. Food and water were continuously available. 

Apparatus. Five separate stabilimeter devices were used 
to record the amplitude of the startle response. Each stabili- 
meter consisted of a 3.5 x 6 × 6 in. Plexiglas and wire mesh 
cage suspended within a 10 × 8 × 8 in. wooden frame. 
Within this frame the cage was sandwiched between 4 
compression springs above, and a 2 × 2 in. rubber cylinder, 
below, with an accelerometer (M.B. Electronics Type 302) 
located between the bot tom of the cage and the top of the 
rubber cylinder. Cage movement resulted in displacement 
of the accelerometer and the resultant voltage was fed 
through a matched accelerometer amplifier (M. B. Elec- 
tronics Model N504), the output  of  which was propor- 
tionate to the velocity 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 time band immediately after the onset of the 
startle-eliciting stimulus. Immediately prior to this sample 
period, each channel was discharged so that any spontane- 
ous activity occurring between stimulus exposures was 
erased. In this way the amplitude of the startle response of  
5 rats was recorded simultaneously and stored in one of 
each of the 5 channels. Immediately after the sample period 
the output  of each of the 5 channels was digitized through 
a specially designed analog to digital convertor and fed into 
a 14 channel Newport Printer. With 2 printing channels per 
cage, startle amplitude could vary from 0 to 99, allowing 
appreciable resolution among various startle amplitudes. 

The 5 stabilimeters were located in an 8 × 8 × 7 ft, dark, 
ventilated sound-attenuated chamber (Industrial Acoustic 
Co. - IAC). They were placed 45 in. from an Altec, high- 
frequency loud speaker, which was used to provide a 
4000 Hz, 90 msec tone which was generated by a Hewlett 
Packard audio generator, amplified through an Altec 100 W 
power amplifier and shaped through a Grason-Stadler 
electronic switch to have a rise decay time of 5 msec. 

Background white noise was provided by a Grason-Stadler 
white noise generator. The intensity of the tone (120 dB) 
and the white noise (46 dB) was measured with a General 
Radio Model 1551-C sound level meter (A scale) by placing 
the microphone in each cage and positioning the cages to 
have comparable readings. 

Procedure. The general procedure in this and all subse- 
quent experiments employed a crossover design in which 
half the rats were injected with LSD on Day 1 and then 
with an equivalent volume of saline (1 cc) on Day 2 and the 
other half with saline on Day 1 and LSD on Day 2. Differ- 
ent groups of rats were given I.P. LSD bitartrate doses of 
either 20 (n = 20), 40 (n = 40) or 160 (n = 40) ug/kg, 
dissolved in 0.9% saline. In this way each animal served as 
his own control with respect to drug type with order of 
drug administration and dose varied across animals. Within 
each dose group the order in which the drug condi t ions  
were run within a day was varied so that the average time of 
day in which testing occurred after injection of saline or 
LSD was similar for both conditions. 

To evaluate the time course of LSD action, a total of 
240 tones were presented at a 10-sec interstimulus interval 
(ISI) immediately after a group of 5 rats was injected. Using 
2 experimenters, 1 to inject and 1 to put the rats in the test 
cages, the injection procedure took about 60 sec so that 
about 60 70 sec elapsed from the time the first rat was 
injected until the first tone was presented. 

Results and Discussion 

Figure 1 shows the mean amplitude startle response 
following injection of LSD or saline over blocks of 12 tones 
(i.e., over successive 2-min periods) for each of the 3 doses. 
The results were collapsed over the 2 test days since each 
day's results were fairly similar. The graphic results repre- 
sent, therefore, the within-subject difference in startle 
amplitude following injection of LSD or saline. 

Figure 1 shows that LSD resulted in a substantial 
increase in startle amplitude. At the 20 ug/kg dose, the 
effect began about 10 rain after the injection and lasted for 
about 15 min. At the 40 •g/kg dose the effect began in 
about 6 - 8  min and lasted for most of the session. With the 
160 tzg/kg dose the effect occurred within about 4 rain but 
then decayed rapidly during the middle of the session. 

Using the average startle amplitude across the entire 
session, an analysis of  variance revealed a highly significant 
difference between LSD and saline conditions, F(1,97) = 
47.06, p<0.001, and a significant Drug x Dose interaction, 
F(2,97) = 4.58, p<0.02. Subsequent individual comparisons 
indicated that while there was no overall LSD-saline differ- 
ence at the 20 ug/kg dose, there was a reliable Drug by 
Trials interaction, F( 19,361 ) = 2.03, p < 0.01. This reflected 
the augmentation of startle by 20 ug/kg LSD between 
Minutes 12 -24  (t = 2.93, d r =  19, p<0.01).  At the 40 and 
160 doses the overall LSD-saline differences were highly 
reliable, F(1,39) = 13.10, p<0.001 and F = 48.02, 
p< 0.001, respectively. 

To visualize both the relative size and the time course of 
the effects at the various doses more easily, the data were 
transformed to percentage scores at each of the 20 time 
points. These results are shown in Fig. 2 for each of the 3 
doses where percent increase = [(LSD amplitude minus 
saline amplitude)/saline amplitude] × 100. 

Figure 2 indicates that with doses of 20 and 40 ug/kg, 
startle was potentiated maximally in about 16 rain, with a 
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FIG. 1. Mean amplitude startle response over blocks of 12 tones (2-min periods) after injection of either 20, 40, or 160 

pg/kg LSD or saline. 

longer lasting effect using 40 vs 20 pg/kg. With the 160 
ug/kg dose there was an even greater and more rapid onset 
of potentiation, so that by 4 min the 2 conditions were 
reliably different (t = 5.37, dr= 39, p = <0.001). This high 
dose did not, however, continue to augment startle for an 
even longer period than the 40 pg/kg dose. In fact, the size 
of the LSD-saline differences was actually somewhat 
smaller toward the end of the session after the 160 com- 
pared to the 40 pg/kg dose. The effects of LSD on startle 
did not conform, therefore, to a simple increase in both the 
size and duration of potentiation with successively higher 
doses. 

Both the time course and the duration of the effects of 
LSD on startle agree quite well with the time course and 
duration of the effects of LSD given intraperitoneally on 
the firing of raphe neurons (Aghajanian, personal 
communication). Inhibition of raphe neurons following an 
I.P. dose of 50 pg/kg begins in about 5 - 6  min and lasts for 
about 40 min. With higher I.P. doses (100 pg/kg) inhibition 
occurs in 2 - 3  min and may last over an hour. However, at 
these high doses LSD is also capable of inhibiting cells that 
are post-synaptic to the raphe [ 14], which may explain the 
rather rapid decline in potentiation observed with the 160 
ug/kg dose. 

EXPERIMENT 2 

The changes in startle amplitude following injection of 
LSD in Experiment 1 show considerable correspondence 

with the effects of LSD on the firing of raphe neurons and 
support the expectation that inhibition of the raphe will be 
associated with an enhancement of startle. It is still possi- 
ble, however, that some of the LSD effect could be 
attributed to changes in peripheral serotonin sensitive 
systems (e.g., smooth muscle). In an attempt to control for 
some of these peripheral effects, Experiment 2 compared 
the effect of d-LSD with that of 2-brom-LSD (BOL). BOL 
is a form of LSD that causes similar peripheral effects [4] 
but only minimally influences raphe firing rates [ 1 ]. 

Method 

A total of 20 rats were used. The design was identical to 
that in Experiment 1 except in this case half the rats were 
injected with d-LSD on Day 1 and then with BOL on Day 2 
and half with BOL on Day 1 and d-LSD on Day 2. The dose 
of d-LSD bitartrate was 160 ug/kg and the dose of 2-brom- 
LSD bitartrate was 199 pg/kg to yield equivalent doses of 
the bitartrate salts, given the added molecular weight of the 
bromine. 

Results and Discussion 

The left panel of Fig. 3 shows the mean amplitude 
startle over blocks of 12 tones (i.e., 2 min periods)follow- 
ing injection of LSD or BOL, collapsed over both test days. 
Again, the results on each day were fairly similar and were 
therefore combined to show the within-subject comparison 



678 DAVIS  AND S H E A R D  

0 
o_ so 
x 

I.ij 
Z 
._/ 
,¢ 

I¢1 
Z 
..J 
<~ 
O~ 

! 

0 
O~ 
.._/ 

¢ , , J  

I.d 
(/) 

W 

t9  
Z 

I-- 
Z 
LLI 
~r 
W 
Q.. 

60  

4 0  

20  

2 0 , u o / k g  

01 .... 
I0  2 0  

8 0  

6 0  

4 0  

2 0  

0 

D 

4 0 p g / k g  

0 

s° r 
6O 

4 0  

i60  p g / k g  

2o , 

_.___. . . . . . .  . _ . . . . _ . . . .  

I I I i ,, I i I I I I 
3 0  4 0  I0 2 0  3 0  4.0 I0  2 0  3 0  4 0  

TIME A F T E R  INJECTION (M INUTES)  

FIG. 2. Percent increase in startle, defined as [(LSD amplitude minus saline amplitude)/saline amplitude] × 100 at doses 
of 20, 40, and 160 pg/kg LSD. 

of  s tar t le  u n d e r  the  2 drug cond i t ions .  Figure 3 shows  t ha t  
s tar t le  p e r f o r m a n c e  fo l lowing  in j ec t ion  of  BOL was s imilar  
to  t ha t  fo l lowing  saline in E x p e r i m e n t  1. LSD again caused 
a subs tan t i a l  increase  in s tar t le  a m p l i t u d e  relat ive to  the  
BOL cond i t i on ,  peak ing  in a b o u t  10 min  and  t h e n  dec l in ing  
a b r u p t l y  over  the  nex t  15 min.  The  overal l  d i f fe rence  in 
s tar t le  a m p l i t u d e  over  the  session was h ighly  s ignif icant ,  
F (1 ,19 )  = 12.11,  p < 0 . 0 0 5 .  Fu r the r ,  the  shape of  the  
LSD-BOL fac i l i t a t ion  curve, wh ich  is s h o w n  in the  r ight  
pane l  of  Fig. 3, was s imilar  to  the  160 /zg/kg LSD-saline 
fac i l i ta t ion  curve in E x p e r i m e n t  1 (Fig. 2). These  resul ts  
ind ica te  t ha t  s tar t le  a m p l i t u d e  was no t  d e t e c t a b l y  influ-  
enced by  BOL bu t  on ly  by  LSD and  ind ica tes  t ha t  the  LSD 
ef fec t  on  s tar t le  was med ia t ed  centra l ly .  

Given the  crossover  design t h a t  was e m p l o y e d  in Exper i -  
men t s  1 and  2, it was o f  in te res t  to  evaluate  w h e t h e r  
b e t w e e n  session h a b i t u a t i o n  occur red  and  w h e t h e r  this  was 
d i f fe ren t  w h e n  exposure  to  tones  on  Day l was given a f te r  
in j ec t ion  of  LSD vs saline or  BOL. To make  this  analysis ,  
t he  decrease in s tar t le  a m p l i t u d e  f rom the  first b lock  of  6 
tones  on  Day 1 to the  first b lock  o f  6 tones  on  Day 2 was 
c o m p u t e d  separa te ly  for  the  an imals  t ha t  received saline or  
BOL on Day 1 and  LSD on Day 2 and  the  an imals  t h a t  
received LSD on Day 1 and  saline or  BOL on  Day 2, across 
E x p e r i m e n t s  1 and  2 (i.e., n = 60 in each  of  these  2 groups) .  
The  first b lock  of  6 tones  was chosen  since the  con t ro l  and  
LSD c o n d i t i o n s  did no t  differ  on  this  b lock  on  Day 1 and 

Day 2. Tha t  is, since LSD had no t  ye t  begun  to in f luence  
s tar t le  dur ing  the  first min  a f t e r  in jec t ion ,  th is  a l lowed a 
drug free e s t ima te  of  s tar t le  a m p l i t u d e  in the  2 groups  on  
b o t h  Days 1 and  2. In add i t ion ,  previous  work  has  s h o w n  
tha t  the  change  in s tar t le  a m p l i t u d e  over  the  first several 
tones  on successive days  is the  mos t  sensi t ive index  of  
h a b i t u a t i o n  since it is u n c o n t a m i n a t e d  by sens i t i za t ion  
effects  tha t  may  deve lop  over  the  rest  of  the  session [ 6 ] .  
The  results  showed  tha t  while b o t h  groups  had  s ta t is t ica l ly  
rel iable decreases  in s tar t le  a m p l i t u d e  f rom Day 1 to Day 2 
( G r o u p  Sal ine-LSD decreased 21% f rom 34.23  to 26.96,  t = 
4.96,  df = 59, p = <0 .001  and  G r o u p  LSD-saline decreased 
28% f rom 34.53 to 24.86,  t = 5.96, dr= 59, p < 0 . 0 0 1 ) ;  the  
size of  these  decreases  did no t  d i f fer  b e t w e e n  the  two  
groups  ( t  = 0 .34,  df--- 118, p < 0 . 1 0 ) .  This ind ica tes  t ha t  as 
m u c h  h a b i t u a t i o n  f rom Day 1 to Day 2 occur red  in animals  
t ha t  were exposed  to tones  on  Day 1 af te r  i n j ec t ion  of  LSD 
as in an imals  tha t  were exposed  to tones  on  Day 1 a f te r  
in j ec t ion  of  saline or BOL. Unless it is a ssumed tha t  the  
first several tones  a n d / o r  the  last several tones  (i.e., before  
and  a f te r  LSD had been  a b s o r b e d )  were suff ic ient  to pro- 
duce  all of  the  measured  b e t w e e n  session h a b i t u a t i o n ,  
which  seems unl ikely ,  these resul ts  ind ica te  t h a t  these  doses 
of  LSD did no t  in te r fe re  wi th  b e t w e e n  session h a b i t u a t i o n .  

E X P E R I M E N T  3 

If the  low dose ef fec ts  of  LSD on s tar t le  a m p l i t u d e  are a 
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consequence  of  i n h i b i t i o n  of  the  r aphe  nuclei ,  t h e n  low 
doses of  LSD shou ld  have no  ef fec t  o n  rats  t ha t  have no  
in tac t  r aphe  to  inhib i t .  The  pu rpose  of  E x p e r i m e n t  3, there-  
fore, was to evaluate  w h e t h e r  a dose o f  LSD tha t  was 
effect ive  in e n h a n c i n g  s tar t le  in the  n o r m a l  an imal  (e.g., 40  
ug/kg)  would  a l te r  s tar t le  in rats  wi th  r aphe  lesions. 

Method  

A to ta l  o f  20 rats  were used. Les ioning was accom- 
pl ished by  placing t he  animal ,  anes the t i zed  wi th  chlora l  
hyd ra t e ,  in a s t e reo tax ic  i n s t r u m e n t .  An insu la ted  0.25 m m  
dia. stainless steel e lec t rode  wi th  0.5 m m  un insu la t ed  t ip 
was lowered  t h r o u g h  a bu r r  hole  i n to  the  m i d b r a i n  r aphe  
region.  A 1 m A  c o n s t a n t  ca thoda l  cu r r en t  was passed for  
10 sec at d e p t h s  f rom the  skull  surface of  6.5 and  8.5 m m  

at A 3 5 0 u  [ 1 6 ] .  E lec t rodes  were r emoved  and the  skin 
su tured .  

On the  first tes t  day,  wh ich  occur red  3 weeks af te r  
lesioning,  ha l f  the  rats  were in jec ted  wi th  LSD on Day 1 
and  t h e n  wi th  saline on  Day 2 wi th  the  reverse cond i t ions  
for  the  o t h e r  10 rats. All o t h e r  pa rame te r s  of  tone  presenta-  
t ion  were ident ica l  to  those  in Expe r imen t s  1 and  2. Prior 
to  test ing,  3 rats  died, leaving a to t a l  of  17 rats. 

Fo l lowing  c o m p l e t i o n  of  behaviora l  tes t ing  the  rats  were 
per fused  wi th  10% Forma l in  and  the  bra ins  removed.  Serial 
35 u f rozen  sec t ions  a r o u n d  the  area of  the  lesion were cut  
and  s ta ined wi th  cresyl violet  to iden t i fy  the  site of  lesion. 

Results  and Discussion 

In 4 rats the  lesions were s o m e w h a t  off  the  midl ine ,  
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a l though partial des t ruct ion of  the dorsal and median raphe 
nuclei  did exist.  In the o ther  13 rats, 9 had extensive 
midline lesions 1 . 5 - 2  mm in diameter ,  des t roying the areas 
of  the dorsal and median raphe nuclei encompassing 
A 3 5 0 - A 6 0  [16 ] ;  3 had an extensive lesion of  the dorsal 
raphe nucleus with a modera te  lesion of  the median raphe 
nucleus and 1 had extensive lesion of  the median raphe 
nucleus with a smaller  lesion of  the dorsal raphe nucleus.  
Figure 4 shows a schematic  diagram of  a typical  lesion with 
des t ruct ion of  bo th  midbrain raphe nuclei.  

The left  panel  of  Fig. 5 shows the mean ampl i tude  
startle response over blocks of  12 tones for raphe lesioned 
rats fol lowing inject ion o f  saline or  LSD, collapsed over the 
2 test days. Two points  are evident.  First, the  raphe animals 
showed a general, all be it variable, increase in startle over  
the session in contrast  to the previous saline curves shown 
earlier. This is consis tent  wi th  the previous finding that  
lesions of  raphe nuclei  result in exaggerated sensit izat ion to 
repet i t ive tone  exposure  which is only  later fol lowed by 
habi tua t ion  [10] .  Most impor tan t ,  LSD was apparent ly  
ineffect ive  in augment ing  startle in these raphe-lesioned 
animals, since there were no systemat ic  or  statistically 
significant LSD-saline differences across the session as 
i l lustrated in the right panel of  Fig. 5. These results should 
be viewed with some caut ion,  however ,  since it is possible 
that  the general increase in startle over the session displayed 
by the raphe animals after  in ject ion with saline could have 
masked an under lying effect  of  LSD. They are nonetheless  
consis tent  with the view that  the effects  o f  LSD on startle 
ampl i tude  in the normal  animal are media ted  by the raphe 
neuronal  system. 

EXPERIMENT 4 

Having established that  low doses of  LSD augment  
startle ampl i tude  it was o f  interest  to explore  some ways by 
which LSD may have brought  about  this change. The 
simplest  possibili ty is that  the raphe exerts tonic inhibi t ion 
on the startle reflex arc and that  LSD, by inhibit ing the 
raphe, reduces this tonic level o f  inhibi t ion,  producing a 
release of  startle. The LSD-saline difference curves shown in 
Fig. 2 would  then represent  the t ime course of  this release 
of  inhibi t ion.  

Ano the r  possibili ty is that LSD interfered with habitua- 
tion. Overall response ampl i tudes  in the LSD condi t ion  
would then be greater by vir tue o f  a slower rate of  response 
decrement  rather  than by a release o f  direct tonic inhibi- 
tion. As men t ioned  earlier, LSD did not  interfere  with 
b e t w e e n  session habi tua t ion  which implies a normal 
deve lopment  of  habi tua t ion  during tone  exposure.  Further ,  
Figs. 1 and 3 show that  the LSD curves were not  simply 
flat ter  than the saline curves, as would be expec ted  if the 
difference had been caused by a difference in rate of  
habi tuat ion.  Rather  they  showed abrupt  increases over  t ime 
with startle ampl i tudes  at later  points  in the sessions actu- 
ally being higher than at the beginning of  the sessions. 

The third possibil i ty is that  LSD augments  sensit ization. 
Inspect ion of  Figs. 1 and 3 indicates that  sensit ization did 
occur  under  these condit ions.  Thus, in each of  the 4 saline 
curves, startle showed an initial decrease in ampl i tude  
which was fo l lowed by a gradual increase in ampl i tude  
toward the end of  the session. Since the lesion data [10] 
suggested that  the midbrain raphe neurons normal ly  inhibi t  
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t~g/kg LSD or saline in rats with lesions of the midbrain raphe nuclei. Right panel shows the same data as a percent increase 
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systems that are involved with sensitization, rather than 
inhibiting the startle reflex directly, perhaps LSD, by 
inhibiting these neurons, also influences sensitization rather 
than affecting the startle reflex directly. 

As mentioned above, there are at least two ways by 
which sensitization can be produced. One is that repetitive 
exposure to loud tones produces sensitization. If LSD 
potentiates this tone-produced sensitization, then repetitive 
exposure to tones after injection of  LSD should be neces- 
sary to produce the LSD-saline differences obtained in the 
previous experiments. If, therefore, a group was injected 
with LSD, placed in the chamber but not presented with 

any tones until a later time (e.g., 15 min, since this was the 
point at which a peak LSD-saline difference occurred in the 
other experiments using doses of  20 and 40 ~g/kg) there 
should be no LSD-saline difference at that initial test point. 

The other way that sensitization of the startle can be 
produced is by continuous exposure to background noise. 
If LSD potentiates this noise-produced sensitization then 
continuous exposure to background noise after injection of  
LSD should be necessary to produce the LSD-saline differ- 
ences obtained in the previous experiments. This would 
predict that the group mentioned above would show an 
LSD-saline difference when first tested after 15 min in the 
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FIG. 6. Mean amplitude startle response over blocks of 12 tones 
(2-min periods) after 40 #g/kg LSD or saline when tone presentation 
was delayed for 15 rain after injection, and background white noise 

was either present (left panel) or absent (right panel) throughout. 

c h a m b e r  if b a c k g r o u n d  noise was inc luded  bu t  would  no t  if 
no  b a c k g r o u n d  noise was presen t .  The pu rpose  of  Experi-  
m e n t  4 was to tes t  these  possibil i t ies.  

Me th od 

Two groups  of  20 rats  each  were used. With in  each 
group,  ha l f  the  ra ts  were in jec ted  wi th  LSD on Day 1 and  
saline on  Day 2 and  ha l f  wi th  saline on  Day 1 and  LSD on 
Day 2. The  dose  of  LSD was 40  ug /kg  in all cases. Fol low- 
ing in jec t ion  the  an imals  were p laced in the  tes t  c h a m b e r  
and  15 min  la ter  a to ta l  of  120 tones  was p resen ted .  For  
one  group  the  b a c k g r o u n d  noise was 46 dB, ident ica l  to  the  
noise level used in the  previous  expe r imen t s .  For  the  o t h e r  
group the  noise gene ra to r  was d i s c o n n e c t e d  so t h a t  on ly  the  
a m b i e n t  noise level (28  dB) of  the  IAC r o o m  remained .  

Results and Discussion 

Figure 6 shows the  mean  a m p l i t u d e  s tar t le  response  over  
b locks  of  12 tones  (i.e., over  2-min  per iods)  for  the  2 
g roups  af te r  i n j ec t ion  of  LSD or saline,  col lapsed over  

Days l and  2. Three  f indings  are evident .  First ,  overall  
s tar t le  levels were h igher  in the  g roup  t ha t  was tes ted  in the  
presence  o f  b a c k g r o u n d  noise.  This  is cons i s t en t  wi th  previ- 
ous  research t ha t  has s h o w n  tha t  b o t h  the  b a c k g r o u n d  level 
of  noise t ha t  is p resent  at  t he  t ime  s tar t le  is el ici ted as well 
as pr ior  to  its e l i c i t a t ion  is a cri t ical  p a r a m e t e r  in deter-  
min ing  s tar t le  a m p l i t u d e  [ 7 , 8 ] .  Second,  the  curves in Fig. 6 
showed  on ly  a s teep decrease  across the  session, in con t r a s t  
to  the  curves  s h o w n  in earlier figures where  s tar t le  showed  
b o t h  decreases  and  increases  across the  session. This  is 
cons i s t en t  wi th  previous  work which  showed  tha t  the  
l eng th  of  the  t ime  animals  spend  in the  c h a m b e r  pr ior  to  
tes t ing  is a cri t ical  variable  in d e t e r m i n i n g  w h e t h e r  a hab i tu -  
a t ion  or  a sens i t i za t ion  curve will resul t  [ 8 ] .  

Most i m p o r t a n t  for the  p resen t  discussion,  however ,  was 
t h a t  over  the  first several min  of  s tar t le  test ing,  LSD 
a u g m e n t e d  s tar t le  in the  noise group but  no t  in the  quie t  
group.  This ind ica tes  tha t ,  a l t h o u g h  pr ior  exposure  to loud 
tones  was no t  necessary  for  LSD to s u b s e q u e n t l y  a u g m e n t  
s tar t le ,  exposure  to  noise was. It suggests, moreover ,  t ha t  
LSD did no t  increase s tar t le  d i rect ly  by a l ter ing ton ic  
i n h i b i t i o n  on  the  ref lex arc itself,  s ince this  type  of  ef fec t  
should  be i n d e p e n d e n t  of  b a c k g r o u n d  s t imula t ion .  R a t h e r  
LSD appears  to  p o t e n t i a t e  the  sensi t iz ing effects  of  noise,  
since the  presence  of  noise was necessary  to see a reliable 
LSD a u g m e n t a t i o n  of  start le.  

Figure 6 also ind ica tes  tha t  even in the  quie t  group LSD 
did f inal ly a u g m e n t  s tar t le  t oward  the  end of  the  session. 
Since this  d i f ference  on ly  emerged  a f te r  several tones  had 
been  p resen ted  and  occur red  well a f te r  the  n o r m a l  peak 
LSD-saline d i f fe rence  seen in the  previous  expe r imen t s ,  it 
suggests tha t  LSD may also a u g m e n t  t o n e - p r o d u c e d  sensi- 
t i za t ion ,  wh ich  i tself  may  take  qui te  a long t ime  to develop.  

To evaluate  the  s tat is t ical  rel iabi l i ty  of  these results,  the 
data  were ana lyzed  wi th  an analysis  of  var iance using noise 
level as a b e t w e e n  subjec t  fac to r  and drug c o n d i t i o n  and  
b locks  of  tones  as wi th in  subjec t  factors.  This revealed 
s igni f icant ly  h igher  overall  s tar t le  amp l i t udes  in the group 
tes ted  wi th  noise vs quie t ,  F (1 ,38)  = 26.06,  p < 0 . 0 0 1 ,  
s ignif icant ly  h igher  s tar t le  a m p l i t u d e s  af te r  LSD vs saline, 
F (1 ,38 )  = 11.69,  p < 0 . 0 0 5 ,  and  a s ignif icant  decrease in 
s tar t le  over b locks  of  tones ,  F (9 ,342 )  = 25.01,  p < 0 . 0 0 1 .  
Most i m p o r t a n t  was tha t  n o n e  of  the  in t e rac t ions  was 
s ignif icant  excep t  the  Noise Level x Drug x Blocks of  
Tones  i n t e r ac t i on ,  F (9 ,342 )  = 2.31, p < 0 . 0 2 .  This con f i rms  
the  conc lus ions  s ta ted  above,  namely ,  tha t  LSD did not  
a u g m e n t  s tar t le  over  the  init ial  test  tones  in the  quie t  group 
bu t  on ly  a f te r  several tones  had been  p resen ted ,  whereas  it 
did a u g m e n t  s tar t le  b o t h  over the  ini t ial  test  tones  and  over  
the  la ter  tes t  tones  in the  noise group.  Subsequen t  indi- 
vidual  compar i sons  ind ica ted  t h a t  over  Minutes  16 22 
there  was a rel iable LSD-saline d i f fe rence  in the  noise group 
( t  = 2.56, df  = 19, p < 0 . 0 2 )  bu t  no t  a rel iable d i f fe rence  in 
the  quie t  g roup  (t  = 1.08). Over Minutes  24 32, however ,  
b o t h  the  noise g roup  and the  qu ie t  g roup  did have rel iable 
LSD-saline d i f fe rences  (t = 2.11, dr= 19, p < 0 . 0 5 ,  and t -- 
2.80,  dr= 19, p < 0 . 0 2 ,  respect ively) .  

In sum,  w h e t h e r  or  no t  LSD augmen t s  s tar t le  seems to 
be cr i t ical ly d e p e n d e n t  on  the  level of  sensory  s t imu la t i on  
e i ther  dur ing  or pr ior  to  test ing.  When b o t h  b a c k g r o u n d  
noise and  tones  are p re sen ted  dur ing  test ing,  LSD causes a 
rapid and  robus t  a u g m e n t a t i o n  o f  start le.  When tones  are 
e l imina ted  bu t  noise is still p resen t  pr ior  to test ing,  the  
ef fec t  still occurs.  When b o t h  are e l imina ted  pr ior  to test-  
ing, the  e f fec t  does  no t  appea r  unt i l  some t ime  a f te r  the  
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tones are reinstated. The time course of the LSD effect on 
startle, therefore, is not simply a function of the time after 
injection, but also a function of the length of time sensory 
stimulation has been present after LSD has been given. 

GENERAL DISCUSSION 

The present results provide further evidence that the 
midbrain raphe nuclei are important sites in the regulation 
of the startle reflex. Startle amplitude can be increased 
either by lesioning these nuclei or by low doses of LSD 
which inhibit cells within the raphe nuclei. Moreover, these 
two different methods of altering raphe function appear to 
influence the process of  sensitization without substantially 
interfering with habituation. In the case of the raphe lesion, 
this was shown by a rapid increase in startle over the first 
several tone presentations [ 10]. In the case of LSD it was 
shown by the interaction of background noise and number 
of tones and LSD, so that the augmentation of startle by 
LSD was dependent on noise level and the number of tones 
presented rather than solely on the time after injection. 

It should be pointed out that there are two ways in 
which noise influences startle amplitude. One is the noise 
level that is present at the time the reflex is elicited and the 
other is the noise that has been present prior to the t ime, 
the reflex is elicited. In Experiment 4 these two effects 
were confounded, since the noise group was tested at a 
higher noise and also exposed to higher noise during the 
15 min period prior to testing. Since it has been shown that 
the raphe lesion does not alter the function relating startle 
amplitude to the noise level that is present at the time the 
reflex is elicited [10],  one would expect that the inter- 
action between LSD and noise in Experiment 4 was caused 
by different noise levels during the 15 min preexposure 
period. These LSD results would predict, then, that raphe 
lesioned animals should be more sensitized by a 15 rain 

period of  noise exposure than non-lesioned rats, although 
this is yet to be tested. 

At the highest dose of LSD used, startle was potentiated 
quickly but then declined abruptly over the rest of session. 
Given an LSD half-life of about 20 min and the fact that 
doses of 20 and 40 t~g/kg were effective in augmenting 
startle, a high dose of LSD should continue to augment 
startle for an even longer period, if its only effect was to 
inhibit the raphe. What must happen, therefore, is that high 
doses of LSD, in addition to inhibiting the raphe, also 
depress startle by influencing other systems. Suppose, for 
example, that excitation in a group of cells that are post- 
synaptic to and inhibited by the raphe enhance startle. Low 
doses of LSD inhibit the raphe and thus increase excitation 
in these cells, thereby enhancing startle. High doses could 
therefore enhance startle (by inhibiting the raphe) but at 
the same time depress startle (by inhibiting the post- 
synaptic cells), so that the net result would be less than an 
intermediate dose. Direct evidence, using single unit record- 
ing techniques, has in fact shown this type of biphasic LSD 
dose response curve in cells which are post-synaptic to the 
raphe [14]. It is of particular interest in this regard that 
relatively high doses of N-N-Dimethyltryptamine (DMT) 
depress startle, [9] even though DMT reduces the rate of 
firing in raphe neurons [ 1]. The present results would 
predict, therefore, that low doses of DMT, by virtue of 
inhibiting only raphe neurons should augment startle. 

Finally, it should be mentioned that the startle results 
agree with earlier reports that low doses of LSD enhance 
reactivity to sensory stimulation [3].  The present results 
suggest, however, that one should be cautious in attributing 
altered rates of response decrement during repetitive stimu- 
lus presentation seen after LSD to an interference with 
habituation without exploring the relationship between 
LSD and sensitization. 
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