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LARSON, A A AND E G ANDERSON At turn oJ hallu~ mogens on taphe-e~ohed dorsal toot potentml~ (DRPs) m the 
at PHARMACOL BIOCHEM BEHAV 24(2) 347-350, 1986 --The dorsal root potentml (DRP) evoked by stimulation of the 

inferior central nucleus (ICN) of the cat ~s affected by administration of a variety of halluclnogemc agents It has been 
previously shown that a single low dose of LSD ~s umque in that ~t potentmtes this DRP, whde mject~ons of 5- 
methoxy-N,N- d~methyltryptamme (5-MeODMT), ketamme or phencychdme (PCP) mh~b~t ~ts production Tolerance de- 
velops to the facd~tatory effect of low doses of LSD on the DRP, but not to the inhibitory action of 5-MeODMT Repeated 
tnject~ons of ketamme every 30 minutes also fad to produce tachyphylax~s to the inhibitory effect of th~s d~ssocmUve 
anesthetic The raphe-evoked DRP ~s a long latency potentml that ~s mh~b~ted by a w~de variety of putative serotonm 
antagomsts and has therefore been traditionally thought to be medmted by serotonm However. m hght of the inability of 
etther tryptophan or fluoxetme to potenttate th~s DRP, and the resistance of th~s DRP to blockade by 
parachlorophenylalanme, reserpine or mtrathecally administered 5,7-d~hydroxytryptamlne, ~t appears that th~s potential 
may m fact be medmted, at least m part, by a non-serotonerg~c transmitter 

Hallucinogens Serotonm LSD Dorsal root potentmls 

W E  have  p r e w o u s l y  s h o w n  that  phas ic  electr ical  s t imula t ion  
of  the inferior  cen t ra l  nucleus  ( ICN) of  the  cat e v o k e s  de- 
polarizing po ten tmls  which  can  be  r eco rded  f rom dorsal  
roots  of  the l u m b a r  and sacral  spinal  cord  [22,23] A single 
thirty m d h s e c o n d  t ram of  st imuli  m th~s a rea  of  the  r aphe  
e v o k e s  two negat ive  dorsa l  root  po ten tmls  (DRPs) ,  desig- 
na ted  DRP-I  and  DRP-2, which  are t hough t  to ref lect  
presynapt~c inhibi t ion of  pr imary  af ferent  f ibers [22,23] 
Changes  in th~s p r imary  af ferent  depolar lzatxon m ay  affect  
somat ic  s ensa t ions  and  thus play a role in hal lucmogenes~s 
Whde  DRP-1 can  be  elicited f rom m a n y  sites m the  bra in  
s tem [5, 17, 21], DRP-2 is evoked  only  fo l lowmg s t imula t ion  
at sites near  the  r aphe  nucleus  [23] 

Lyserglc  acid d le thy lamlde  (LSD),  5 - m e t hoxy - N ,N-  dl- 
m e t h y l t r y p t a m m e  (5 -MeODMT)  and  the  d l ssocmt lve  anes-  
thet ics  k e t a m m e  and  p h e n c y c h d m e  (PCP) have  been  postu-  
lated by  m a n y  inves t iga tors  to act ,  at  least  m part ,  by  an 
in terac t ion  w~th the  sero tonerg lc  sys t em We have  previ-  
ously s h o w n  that  these  ha l luc inogens  all affect  the DRP-2 A 
single re ject ion of  a low dose o f  L S D  is umque  m that  ~t 
po ten tmtes  DRP-2 [16] whale this potent ia l  is se lec t ively  
mh~b~ted by 5 - M e O D M T  [14], k e t a m m e  and  PCP [15] 

DRP-2 has  been  pos tu la ted  to be m edmted  by  
5 - h y d r o x y t r y p t a m m e  ( se ro tonm,  5-HT),  based  on  the  ew- 
dence  that  (1) DRP-2 ~s evoked  only  f rom bra in  s tem areas  
conta in ing  serotonerg~c n e u r o n s  wh ich  projec t  to the  spinal  
cord,  (2) the  DRP-2 ~s a long la tency  potentml ,  c o n s t s t e n t  

wtth  the slow conduc t ion  veloci ty  expec t ed  for the  small  
d i amete r  se ro tonerg lc  axons ,  and  (3) DRP-2 is se lec twely  
inhibi ted by severa l  puta t ive  s e r o t o n m  an tagoms t s  [22,23] 
Al though  s e r o t o n m  an tagonis t s  are  potent ta l ly  useful tools m 
the s tudy of  serotonerg~c neu rons  in the  bra in ,  a major  hm~- 
tat~on m the  use  of  these  agents  has  been  the con t rove r sy  m 
the h te ra tu re  o v e r  the specifici ty and  e f fec t iveness  of  these  
drugs w h e n  used m the cent ra l  n e r v o u s  sys tem (CNS)  [9] 

In o rde r  to mterpre t  the  u m q u e  ac t ions  of  the  hal- 
luc lnogemc c o m p o u n d s  which  have  previous ly  been  re- 
por ted  to affect  DRP-2, ~t is n e c e s s a r y  to more  ex tens ive ly  
evaluate  the  role o f  se ro tomn as the  m e d m t o r  involved  m the  
ehc~tat~on of  DRP-2 The  p resen t  s tudy  summar i ze s  the ef- 
fects  on  DRP-2 of  a var te ty  of  c o m p o u n d s  k n o w n  to a l te r  
serotonerg~c act iv i ty  m the CNS and  the  imphcat~ons of  
these  resul ts  on the  act ions  of  ha l luc inogens  on  th~s electr ical  
r e sponse  

METHOD 

5urgl~ al Preparatton 

Cats  weighing be tween  2 to 4 kg were  p re t r ea t ed  with 
a t ropine  methy l  nt t ra te  (0 1 mg/kg) and  anes the t i zed  w~th 
e ther  The  bra in ,  rostral  to the pons -medu l l a ,  was r ende red  
anoxlc  using the  anaemic  d e c e r e b r a t t o n  m e t h o d  of  Pol lock 
and  Davis  [20] E t h e r  anes thes i a  was  d l s con tmued  and the  
cats  were  art if icially respt red  w~th room mr Gal lamlne  

~Th~s investigation was supported in part by NIH grant NS17407 

347 



348 LARSON AND ANDERSON 

DRP-1 DRP-2 

FIG 1 Electrical stimulation of the ICN of the cat ehots two po- 
tentials, DRP-1 and DRP-2, which can be recorded extracellularly m 
dorsal roots of the lumbosacral area of the spinal cord Actlvat~on of 
these descending pathways is thought to alter somaUc sensations by 
presynaptlc inhibition of primary afferent fibers 

tnethlodlde (flaxedll) was administered periodically to im- 
mobilize the animals Blood pressure was continuously 
momtored from a cannula placed in the carotid artery 

After exposure of the spinal cord from the fourth lumbar 
to the second sacral segment, the seventh lumbar dorsal root 
was dissected free and mounted on platinum recording elec- 
trodes A source of radiant heat was electromcally regulated 
to maintain the temperature of the mineral od bath covering 
the cord at 37_+0 5°C 

Drug Admmt~tratton 

All drugs and solutions administered intravenously (IV) 
were injected via an indwelling catheter placed m the 
antecubltal vein Gallamlne trlethlodlde was purchased as an 
injectable solution (Flaxedd, Lederle Pharmaceuticals, 
Carolina, Puerto Rico) Racemlc ketamine hydrochlonde 
was purchased as an injectable solution (Ketaset, Bnstol, 
Syracuse, NY) and diluted with sahne Phencychdlne hydro- 
chloride (PCP) and iyserglc acid diethylamide (LSD), gifts 
from the National Institute on Drug Abuse, were dissolved in 
sahne 5-Methoxy-N,N-dlmethyltryptamlne (5-MeODMT), 
L-tryptophan, DL-para-chlorophenylalanlne (PCPA), re- 
serpine and 5,7-dihydroxytryptamlne creatlnlne sulfate were 
purchased from Sigma Chemical Co (St Lores, MO) 
5-MeODMT and tryptophan were dissolved initially in 0 1 N 
hydrochloric acid and then diluted 1 10 (acid saline) m 
saline Injections of this vehicle alone, in volumes equal to 
those used for drug administration, did not alter DRP-1 or 
DRP-2 PCPA was prepared by mixing with 0 5 g pectin for 
each lntrapentoneal (IP) injection Reserpine was lnltlally 
dissolved in propylene glycol and then diluted with saline for 
IP injection 5,7-Dlhydroxytryptamlne was dissolved in 
0 01% ascorblc acid saline and administered lntrathecally 
(IT) via an indwelling cannula which was implanted by the 
method described by Taksh and Rudy [27] at least 5 days 

prior to the injection The tip of the cannula projected to the 
level of the lumbar area of the cord Fluoxetine hydrochlo- 
ride, a gift from Lilly (Indianapolis, IN) was dissolved in 
sahne All drug doses are expressed in terms of the salt 

Electrtcal Stlrnulanon and Re( ordmg 

The raphe nuclei of the caudal brain stem were electri- 
cally stimulated using a concentric bipolar stainless steel 
electrode (Kopf, model NE-100) having an inner shaft diame- 
ter of 0 2 and 0 5 mm separation between the inner and outer 
barrel The electrode was lowered into the brain stem using 
the stereotaxlc coordinates of the inferior central nucleus 
(ICN) according to the atlas of Berman [4] The ICN of the 
cat Includes the nucleus raphe magnus and nucleus raphe 
obscurus, both of which contain serotonerglc cell bodies 
whose axonal processes project to the spinal cord [3] 

Thirty millisecond trains of nine pulses (0 5 msec dura- 
tion, 0 08-1 0 mA) were used to evoke DRP Recorded 
signals were amplified by a Tektronix 502 differential 
amplifier and viewed on a Tektronix 5103N oscilloscope 
(Fig 1) Sixteen consecutive DRPs elicited at 3 sec intervals 
were totalled by a Nlcolet Model 527 Signal Averager and 
the resulting analog waveforms were plotted using a linear 
strip chart recorder The area beneath the waveforms was 
measured using a Talos Cybergraph D~gitlzer interfaced to a 
Hewlett-Packard Model 9825 desk-top computer 

RESULTS AND DISCUSSION 

The effects of a variety of hallucinogenic compounds on 
DRP-2 are summarized in Table 1 As previously reported, 
high doses of LSD, ranging from 0 1 to 1 mg/kg IV, produce 
an immediate inhibition of DRP-2 which is accompanied by a 
simultaneous enhancement of DRP-1 Both potentials re- 
cover by approximately 30 minutes These effects of LSD 
are identical to those ehclted by the serotonln antagomsts 
methyserglde, clnanserm and 2-bromo-D-lyserglc aod 
dlethylamlde bltartrate (BOL) as reported previously 
[22,23] In contrast, a lower dose of LSD, or low doses of 
BOL and methyserglde, elicit little or no immediate change 
in the magnitude of either DRP-1 or DRP-2, but instead 
produce a selective enhancement of DRP-2 which develops 
slowly over a 90 minute time interval (Table 1) Of the three 
drugs found to enhance DRP-2 m this fashion, LSD proved 
by far the most efficacious 

On the other hand, the administration of 5-MeODMT, 
ketamlne or PCP each produces an lmmedmte mh~blt~on of 
DRP-2 (Table 1) The effect of these drugs differs from that 
of the serotonln antagomsts in that the lnhlb~tlon of DRP-2 
by the d~ssoclat~ve anesthetics is not accompamed by any 
change in the magnitude of DRP-1 [14,15] It is unlikely that 
the inhibition of DRP-2 by the d~ssoclatlve anesthetics is 
related to their hallucinogenic act~vlty as the (+) ~somer, 
which has been found to have less hallucmogemc actlwty 
than the ( - )  isomer, produces a greater decrease in DRP-2 
than the ( ) ~somer [15] However,  the selective depression 
of DRP-2 by the dissociative auesthetlcs does correlate well 
in time course and dose-range w~th their sedative anesthetic 
effects in cats Although general anesthetics like ether and 
the barbiturate thlamylal also inhibit DRP-2, DRP-1, and the 
segmentally evoked DRP, the dissociative anesthetics differ 
from these general depressants by their selective inhibition 
of DRP-2 and not DRP-I [15] We have recently found the 
segmentally evoked DRP is also insensitive to the effect of 
ketamlne 
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T A B L E  1 

INFLUENCE OF HALLUCINOGENS OF DRP-2 

Percent of Control Areat  Number 
Treatment* Under DRP-2 ± S E of Cats 

LSD (0 1 mg/kg) 46 5 ± 8 7 5 
LSD (0 05 mg/kg) 148 0 ± 20 9 6 
5-MeODMT 48 5 ± 12 0 4 

(0 05 mg/kg) 
Ketamme 38 5 + 8 9 7 

(1 mg/kg) 
PCP (0 5 mg/kg) 33 0 ± 5 3 3 

*All drugs were administered IV 
tThe area under DRP-2 was measured 2-3 mm after injection of 

5-MeODMT, ketamlne, PCP and the high dose of LSD and 90 mm 
after the rejection of 0 05 mg/kg of LSD 

In addi t ion  to the  con t r a s t i ng  effects  on  DRP-2,  L S D  and  
5 - M e O D M T  also differ  in the  t e n d e n c y  for  t o l e rance  to de- 
ve lop  to thew ac t ions  on  DRP-2 Both  DRP-1 and  DRP-2 are 
successfu l ly  e v o k e d  f rom cats  p r e t r ea t ed  daily wi th  0 1 
mg/kg o f  e i the r  L S D  adm i n i s t e r ed  IP  for  4 days  or  
5 - M e O D M T  a d m l m s t e r e d  IM for  5 days  P r e t r e a t m e n t  with  
5 - M e O D M T  did not  a l ter  the  inhabltory effect  of  5 - M e O D M T  
on DRP-2,  while  p r e t r e a t m e n t  wi th  L SD  resu l ted  in com-  
plete  to l e rance  to the  abil i ty of  L S D  to e n h a n c e  DRP-2 [14] 
This  co r re l a t e s  well  wi th  the  lack of  to l e rance  to 5 - M e O D M T  
to eather its behavaoral  ef fects  [25] or  to its inh ib i t ion  o f  r aphe  
neurona l  firing [18,25] w h e n  in jec ted  in a s imilar  p re t rea t -  
men t  schedule  A more  f r equen t  in jec t ion  schedu le  is neces -  
sary for  the  p roduc t ion  of  to l e rance  to this  drug,  as d e m o n -  
s t ra ted  by Ke l t ch  et  al  [ l l ]  

The  productaon of  to le rance  to the  f ac ih ta to ry  effect  of  
LSD on DRP-2 cor re la tes  well wi th  to le rance  d e v e l o p m e n t  
to bo th  the ha l luc inogenic  effect  in man [ l ,  6, 10] and  to the  
behaviora l  effect  of  L SD  m an imals  [2, 7, 8, 24, 26] The  
DRP-2 may thus  provide  a un ique  e lec t rophys lo log lca l  
model  to e x a m i n e  the  effects  of  this  drug It is of  in te res t  to 
de te rmine  wi th  ce r t a in ty  the  med ia to r s  invo lved  in the  pro- 
ductaon of  this  potent ia l  

Consaderlng the accumula taon  of  ev idence  for  its in- 
vo lvemen t  m bo th  acute  and ch ron ic  effects  o f  LSD,  as well  
as ats loca l iza t ion  m the descend ing  bu lbosp ina l  p a t h w a y ,  
se ro ton ln  as, of  course ,  a logical cand ida te  To f u r t he r  t es t  
the hypo thes i s  tha t  se ro ton ln  is a med ia to r  of  DRP-2,  we 
admlms t e r ed  a n u m b e r  of  pha rmaco log ic  agents  which  have  
been  repor ted  to a l ter  se ro tonerg lc  ac t iv i ty  

In jec t ion  of  5 and  10 mg/kg of  IV f luoxet lne ,  a s e ro ton ln  
r eup take  inhibi tor ,  failed to s ignif icant ly  a l te r  the magn i tude  
of  eather DRP-1 or  DRP-2 L - t r y p t o p h a n ,  the amino  acid 
p r ecu r so r  o f  se ro ton ln ,  also failed to affect  e i the r  po ten t i a l  
when  admmas te red  in doses  of  25 to 50 mg/kg IV Injectaons 

of  50 and  100 mg/kg of  PCPA methy l  e s t e r  HC1 in sal ine were  
also wi thou t  effect  on  these  po ten t ia l s  ove r  a 2 h o u r  tame 
interval  a f te r  the i r  IV inject ion 

Because  P C P A  may reqmre  severa l  days  to deple te  
se ro ton ln ,  3 ca ts  were  p re t r ea t ed  wi th  300 mg/kg of  PCPA at 
24 and  48 hou r s  pr ior  to e lec t rophys lo log lca l  r ecord ings  
Bo th  DRP-1 and  DRP-2 were  successfu l ly  elicited in these  
animals  Similar ly ,  p r e t r e a t m e n t  wi th  0 5 mg/kg of  r e se rp ine  
IP 24 hou r s  pr ior  to the e x p e r i m e n t  did not  affect  ou r  ab ih ty  
to elicit a DRP-2 in 4 out  of  5 cats  t e s ted  In jec t ion  of  50 
mg/kg IV of  P C P A  methyl  e s t e r  in 4 cats  p re t r ea t ed  wi th  
reserp ine  not  only faded to inhibi t  DRP-2,  bu t  shght ly  en- 
hanced  the DRP-2 recorded  in one  cat  

Cats  were  implan ted  wi th  ln t ra theca l  (IT) cannu la s  al low- 
lng in ject ions  di rect ly  into the spinal  s u b a r a c h n o l d  space  
Seven  ca ts  were  injected IT wi th  0 8 mg of  5 ,7 -DHT one  
week  pr ior  to  record ing  and  th ree  addi t iona l  cats  were  in- 
j ec ted  wi th  the  same dose 6 and  7 days  prior  to the  exper i -  
men t  Bo th  DRP-1 and DRP-2 were  successful ly  r eco rded  in 
these  an imals  In jec t ion  of  0 05 mg/kg of  L S D  IV into 4 of  
these  an imals  p roduced  a po t en t i a t i on  of  DRP-2 which  was  
not  s igmficant ly  different  than  tha t  ob ta ined  an non-  
p re t r ea ted  an imals  

Toge the r  these  data  would indica te  tha t  while DRP-2 is 
very  sens i t ive  to mhlbt t lon  by se ro ton ln  an tagon i s t s ,  It ap- 
pears  to be  r emarkab ly  res i s t an t  to o the r  pha rmaco log ic  
man ipu la t ions  of  the  sero tonerg tc  s y s t e m  One might  a rgue  
that  any  one  of  these  drugs may  no t  have  e i ther  b locked  or  
po ten t i a ted  DRP-2 due to inadequa te  dosage  resul t ing  in, for  
example ,  i nadequa te  deple t ion  of  s e ro ton ln  to affect  the  
DRP-2 H o w e v e r ,  the  w~de var ie ty  of  agents  used  to manipu-  
late the  se ro tonerg lc  sys tem,  t oge the r  wi th  the  lack of  s p e o -  
ficlty of  s e ro ton ln  an tagonis t s ,  would  s t rongly  argue agains t  
the  media t ion  of  this  potent ia l  by se ro ton ln  The  possibi l i ty  
that  se ro ton ln  acts  to  modula te  the DRP-2 unde r  ce r ta in  car- 
c u m s t a n c e s  c a n n o t  be exc luded  

Based  on  the coex i s tence  o f  o the r  neu ropep t ldes ,  for  
example  s u b s t a n c e  P, in f ibers  d e s c e n d i n g  f rom the r aphe  
nuclei ,  it is poss ib le  that  e n d o g e n o u s  pept ides  or  o the r  sub- 
s tances  may  play a role an the p r o d u c t i o n  of  this potent ia l  
Mitchell  and  F l e e t w o o d - W a l k e r  [19] have  shown  tha t  sub- 
s tance  P may  play a role in the  regula t ion  of  se ro ton ln  re lease  
f rom raphe  n e u r o n s  by  in te rac t ion  with p re synap t i c  
se ro tonerg lc  au to recep to r s ,  thus  a t t enua t ing  f eedback  lnha- 
bltaon Ear ly  obse rva t ions  by Kr lvoy  descr ibe  an e n h a n c e d  
accumula t ion  of  subs t ance  P af ter  an  acute  re ject ion of  L S D  
m mice bo th  in vi t ro  [12] and  in VlVO [13] Such  an  accumula -  
taon of  s u b s t a n c e  P or o ther  n e u r o p e p t l d e s  in the  descend ing  
bulbosplna l  pa thway  would expla in  the ab ih ty  of  L S D  to 
po ten t ia te  DRP-2 This  is the topic of  fu r the r  inves t iga t ions  
in this a rea  
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