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WEINGER, M B .  E J CLINE, N T SMITH, T A BLASCO AND G F KOOB Lo~ahzanonofbramstemsltes which 
mediate alfentaml-mdu~ed muscle rigidity m the rat PHARMACOL BIOCHEM BEHAV 29(3)573-580, 1988 --Previous 
work has demonstrated that direct injections of methylnaloxomum (MN), a relatively hpophoblc quaternary opiate 
antagonist, in the area of the nucleus raphe pontls (RPn) significantly attenuated alfentaml-mduced rigidity It was hypoth- 
esized that other hmdbraln sites, particularly the other raphe nuclei, might play a role m this rigidity Therefore, a study 
was performed in which 57 rats, d~vided into four groups, were implanted with chronic guide cannulae directed at brain 
sites anterior, lateral, or posterior to the RPn After each animal was pretreated with lntracerebral lnjecuons of MN, 
alfentand (0 5 mg/kg) was administered subcutaneously Electromyographlc activity was recorded from the gastrocnemms 
muscle as a measure of hlndhmb rigidity Each animal was subsequently injected at 4 to 5 day intervals with MN two 
addtmnal times at sites 1 and 2 mm deeper, respectively, than the mmal injection Data were thus obtained on animals 
treated with either MN or sahne at 3 successive histologically identified sites which were either anterior, lateral or posteraor 
to the RPn The administration of MN into two specific s~tes in the region just lateral to the nucleus raphe pontls 
slgmficantly [F(1,38)= 18 68 and 5 02 respectively, p < 0  05] reversed the rigidity produced by systemic alfentanll adminis- 
tration There was a weak effect of MN injections anterior to the RPn but this could not be localized to any one site These 
results suggest that discrete bramstem regions involved in opiate actmn can be sensltwely and selectively identified by 
direct intracramal injections of a hpophoblc opiate antagonist Based on the results of this study and previous work, it 
appears that a specific hlndbraln region, known to contain serotonergic pathways, mediates opmte-lnduced muscle rigidity 
in the rat 

Opiates Alfentaml Methylnaloxonlum Muscle rigidity Catatoma 
Raphe nucle~ Nucleus raphe pontis Reticular formation 

Electromyography 

T H E  n e u r o a n a t o m l c  subs t r a t e s  of  op ia te - reduced  muscle  
r igidity have  yet  to  be  fully e luc ida ted  Bes ides  be ing  a fas- 
c ina t ing  phys io log ica l  p h e n o m e n o n ,  musc le  r igidity is also a 
cl inically s ignif icant  s ide-effect  of  h igh-dose  narco t ic  
a n e s t h e s i a  [5] A n  i m p r o v e d  u n d e r s t a n d i n g  of  the mech-  
an i sms  and  si tes of  ac t ion  of  op ia t e - induced  rigidity may  gtve 
ins ight  Into o t h e r  causes  of  musc le  rigidity as well  as be ing  an  
i m p o r t a n t  a d v a n c e  in opia te  r e s e a r c h  P rev ious  inves t iga to rs  
have  e m p h a s i z e d  the  role o f  the  basa l  gangl ia  [25] More  
r ecen t ly  it was  d e m o n s t r a t e d  tha t  d i rec t  l n j ec tmns  of  
m e t h y l n a l o x o n l u m  (MN),  a q u a t e r n a r y  opia te  an t agoms t ,  m 
the  a rea  of  the  nuc l eus  r a p h e  pon t l s  (RPn)  were  s ignif icant ly  
more  effect ive  at  p r e v e n t i n g  a l f e n t a m l - m d u c e d  rigidity t han  

were  re jec t ions  Into the cauda te  nuc leus  [7] Alfentanl l  is a 
highly po ten t ,  shor t -ac t ing  fen tanyl  ana log  [ 18] tha t  p roduces  
the  rapid  onse t  of  p ro found  musc le  rigidity in b o t h  ra ts  [7] 
and  h u m a n s  [5] 

The  RPn  (see Table  1 for  full list of  abb rev ia t ions )  is one  
of  a n u m b e r  of  i n t e r c o n n e c t e d  mldl ine  ( raphe)  nuclei  in the  
roden t  b r a i n s t e m  re t icu lar  f o rma t ion  t ha t  h a v e  b e e n  lmph-  
ca ted  in media t ing  a var ie ty  o f  physio logica l  p rocesses ,  in- 
c luding m o t o r  b e h a w o r  and  ana lges ia  The  r aphe  nucle i  are 
a lso the  ma jo r  source  o f  se ro tonerg lc  n e u r o n s  m b o t h  the  ra t  
and  h u m a n  bra ins  [34] Sero tonerg ic  sy s t ems  a p p e a r  to  play 
an  i m p o r t a n t  role in roden t  m o t o r  b e h a v i o r s  Including those  
affected by  opia te  admin i s t r a t i on  F o r  ins t ance ,  Costal l  and  

1Requests for reprints should be addressed to Matthew B Welnger, M D ,  Department of Anesthesiology, V-125, Veterans Administration 
Medical Center, 3350 La Jolla Village Drive, San Diego, CA 92161 

2Current address Department of Anesthesiology, Northwestern Umverslty School of Medicine, Chicago, IL 60611 
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TABLE 1 

ABBREVIATIONS 

ALF 
CN 
CSC 
DR 
DTg 
EMB 
EMG 
GABA 
ICV 
MN 
MnR 
MS 
NAc 
NRTP 

Alfentaml Hydrochlonde 
Caudate Nucleus 
Commissure of the Supenor Colhculus 
Dorsal Raphe Nucleus 
Dorsal Tegmentum 
Explosive Motor Behawor 
Electromyography 
Gamma Amino Butyric Aod 
Intracerebroventrlcular 
Methylnaloxonlum Hydrochlonde 
Median Raphe Nucleus 
Morphine Sulfate 
Nucleus Accumbens 
Nucleus Retlculans Tegmentl Pontls 

PAG Penaqueductal Gray 
RMg Nucleus Raphe Magnus 
RMS Root-mean-squared 
ROb Nucleus Raphe Obscurus 
RPd Nucleus Raphe Palhdus 
RPn Nucleus Raphe Pontls 
SAL Sahne 
sc Subcutaneous 
SC Superior Colhculus 
SNC Substantla Nlgra Pars Compacta 
SNR Substantm Nigra Pars Retlculata 
St Stnatum 
VMT Ventromedml Thalamus 
5-HT Serotonm 

coworkers [19] showed that the administration of the 
serotonm antagonist cyprohepatldlne diminished the 
catatonm produced by direct injectmns of morphine into the 
rat brain. Fenfluramlne, an indirect serotonln agomst, 
potentiated the catatonia produced by the reJection of mor- 
phine in the regmn of the RPn [12] In addition, it has been 
shown that systemic pretreatment with ketansenn, a rela- 
tively selective serotonin receptor antagonist [28], prevents 
alfentanfl-lnduced muscle rigidity [38] 

The serotonln neurons within the RPn project primarily to 
the cerebellum, although there are also some ascending and 
spinal efferents [6,11] Most of the descending serotonerglc 
projectmns originate m the medullary raphe nuclei (magnus, 
obscurus, and palhdus) [34] and coexist with descending 
peptlderglc and chohnergic neurons [9] However, the dorsal 
and the medmn raphe nuclei send ascending serotonerglc 
pathways to the basal gangha and the hmblc system, respec- 
tively [8,24]. Pharmacological blockade of a vanety of com- 
mon neurotransmltter systems, lncludmg serotonin, within 
the rodent lumbosacral spinal cord failed to antagonize 
alfentanil-lnduced muscle rigidity [39] It thus appears that 
any serotonerglc involvement in opiate-induced rigidity is 
due to supraspmal pathways 

Other brmnstem sites, particularly the other raphe nuclei, 
may play a role in opmte-lnduced muscle rigidity This study 
was designed to further charactenze the role of bralnstem 
structures m medmtIng alfentanll rigidity in the rat by reJect- 
ing methylnaloxonmm at several different depths anterior, 
lateral, and posterior to the RPn 

METHOD 

Subjec ts 

The subjects were 57 albino Wlstar rats (Charles River 
Laboratones, Wilmington, MA) weighing 200 to 260 g at the 
time of surgery. They were housed 3-4 per cage with food 
and water avmlable continuously in a temperature-controlled 
room. A 12-hour hght, 12-hour dark schedule was main- 
tamed with the hght period between 7 a m. and 7 p m. Phys- 
iological recording was always done m the morning from 8 
a.m to 12 noon. Rats were handled prior to the experimental 
days to minimize potential effects of stress on the results 
These experiments were conducted over the course of a 6 
month penod from January to July of 1986 The conduct of 
this study met the guidehnes established by our institutional 
animal care committee 

Drugs 

Drugs used were methylnaloxonlum hydrochlorlde (cour- 
tesy of Dr J deGraaf, Organon Pharmaceutlca, Oss, The 
Netherlands), sodium pentobarbltal (Abbott Laboratories, 
North Chicago, IL). and alfentanll hydrochlonde (Janssen 
Pharmaceutlca. lhscataway, NJ) All drugs, obtained as pow- 
ders, were dissolved In 0 9% physiological sahne and re- 
jected in a volume of 1 ml/kg The alfentanll dose used 
throughout the study was 0 5 mg/kg because this was the 
lowest dose which yielded consistent rigidity in previous 
studies [2, 7, 38] 

Surgt~ al Prepat a t .m  

All animals were surgically implanted with permanent 
guide cannulae for lntracerebral reJections To accomplish 
this, the animals were anesthetized with pentobarbltal (50 
mg/kg IP) and then positioned in a stereotaxlc apparatus 
(David Kopf Instruments, Tujunga, CA) with the incisor bar 
set at 5 0 mm above the lnteraural line The skull surface was 
exposed, a burr hole was made, and a 10 mm, 23-gauge 
chronic guide cannula was then stereotaxlcally lowered to a 
location 4 mm above the coordinates for the last of the three 
injection sites 

Four experimental groups were studied The Bdateral 
group (n= 17) were implanted with two cannulae using the 
coordinates AP - 1 0 mm, Lateral -+ 1 0 ram, and DV - 5 5 mm 
(from skull surface) [32] The other groups had single midhne 
cannulae implanted using the coordinates. Anterior (n= 13), 
AP 0 0, L 0 0, DV - 5  5, Posterior (n=12), AP -2 .0 ,  L 0 0, 
DV - 5  5, and Posterior Extension (n=15), AP - 2  0, L 0 0, 
and DV - 7  5 All guide cannulae were fixed to the skull 
surface with stainless steel screws and dental cement (Sun- 
Scheln ® visible light cunng restorative) Ten mm obturator 
stylets remained in place except during drug Injections Fol- 
lowing surgery, the animals were allowed 5-6 days to re- 
cover before conducting electromyographlc studies 

Experimental Protocol 

As described above, the animals were divided into four 
expenmental groups based on the anatomical location of the 
chronic guide cannulae. Anterior, Bdateral, Posterior, and 
Posterior Extenston For the first study in each animal, 12 
mm injectors were inserted into the guide cannula and 1 ~1 of 
saline (SAL controls) or 0 125/zg (total dose) MN m 1 p.l of 
saline was infused using an automated mlcrohter synnge 
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A n t e r i o r  B i l a t e r a l *  
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M=dhne lateral section (after Paxmos and Watson) 
* Inject=ons m the 'Bilateral' group actually fell1 mm lateral to both sides of this m=dhne sectmon 
** Two groups were done at 14 ram, a 'Postenor' and a 'Posterior Extensmn' 

FIG 1 The sequence and the approximate location of each rejection site is depicted on this figure of a median 
saglttal section of a rat brain Note [*] that Bdateral  injection sites actually lie 1 mm on both sides of the 
displayed mldhne section and therefore their histological location is slightly distorted m this figure Refer to 
Fig 3 for a more accurate portrayal of the anatomical location of the Btlateral rejection sites Also note [**] 
that two groups were studied at 14 mm posterior to the RPn, the last injection s]te In the Posterior group and the 
first inject]on site m the Postertor Ertenslon group The only significant drug-site interactions occurred at the 
13 mm and 14 mm sites In the Btlateral group (lateral to the RPn) At these two sites, MN mjectmns slgmfi- 
cantly (p<0 05) attenuated alfentaml-lnduced rigidity (dark shadmg) compared with sahne 

pump (Harvard Blosclence 55-3206) over  3 minutes Animals 
in the B t l a t e r a l  group received 0 0625/zg of  MN (in 1/xl) via 
each cannula The injectors were not removed for 2 minutes 
after the mtracranlal injection to preclude the back-diffusion 
of  the drug up the cannula tract. This procedure was re- 
peated on each ammal at 4 or 5 day Intervals with 13 and then 
14 mm rejection depths using a "within subjects" experi- 
mental design with parallel-tested separate control groups 
(see Fig 1). Each ammal therefore received reJections of 
either MN or SAL, once at each of three successive depths, 
over a 12-15 day period 

Generally, 4 rats were studied each day with equal num- 
bers of  MN animals and their corresponding SAL control 
animals Thus, wlthm each group, the paired MN and SAL 
ammals were exposed to nearly Identical expenmental  con- 
dztlons at each Injection depth 

After each mtracerebral SAL or MN InJection, the 
ammals were immediately placed in barred cyllndracal hold- 
mg cages which allowed free movement  of  the extremmes as 
well as easy access to InJection and recording sites (Fig 2) 
Two monopolar (10 mm × 100 /zm dmmeter) platinum re- 
cording electrodes (Grass E2) were placed percutaneously 
into the left gastrocnemlus muscle, while a third (ground) 
electrode was inserted subcutaneously into the right 

hmdhmb. Leads were secured with cellophane tape m a 
manner that allowed ummpeded joint mobd~ty. Two caged 
animals at a time were placed inside a sound-proof box 
(Coulbourn Instrument Company) A cardboard partition 
was put between the cages and an electric fan was run con- 
tinuously to provide white noise EMG activity was then 
assessed for a 15-minute baseline period, with readings re- 
corded at 5, 10, and 15 mmutes after mtracranial injection 

Actual muscle potentials were differentially amplified 200 
times and band-pass filtered from 10 Hz to 3 kHz (Grass 
P511K) The resulting signal, viewed on an oscdloscope 
(Tektronics 7633), was then converted with a root-mean- 
squared (RMS) voltage rectifier (tl/2 = 3 sec) to produce a 
time-varying analog deflection on a 200 mV meter (Triplet 
820-M) from which data were obtained Full-scale deflection 
of  the meter corresponded to 200/zV of EMG actlv]ty 

At the end of  the 15-minute basehne period, each rat was 
injected m SltR subcutaneously with alfentanll Readings 
were obtained at 1 and 5 minutes post-inJection, and then at 5 
minute Intervals throughout the remainder of  the 60-minute 
observation period. During data collection, care was taken to 
ehmmate the effects of transient movement  artifacts, thereby 
permitting an assessment of tonic rather than phasic muscle 
activity 
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FIG 2 A rat, placed reside a cyhndrlcal holding cage, both before (A) and after (B) 
alfentand rejection A representattve EMG tracing demonstrates the effects of alfentand 
(0 5 mg/kg SC) on EMG actlvlty (at arrow) 

Htstologtcal Vertfi~ atu>n 

At the end of the study each animal was deeply 
anesthetized with pentobarbltal (100 mg/kg IP) and then per- 
fused via a needle inserted into the left cardiac ventricle with 
0.9% saline followed by 10% formahn The brain was re- 
moved intact and preserved in 10% formalin At least two 
days later, the brain was sectioned using a m~crotome The 
f'tfty-mlcron sections were then mounted and Nissl stained 
for verification of mject~on s~tes 

Data Analysts 

Data from each ammal's  60-minute observation period 

were normalized by their respective average basehne EMG 
reading on that test day This was accomplished by obtaining 
the average of the three basehne (5-min) readings for each 
animal and dw~dmg this value into all subsequent values ob- 
tained during the 60-minute observation period Animals 
with average basehne values of  less than 2 tzV or more than 
40/zV were excluded from the study The mean area under 
the normalized EMG curve for each treatment observation 
was then calculated Statistical differences between MN and 
SAL pretreatment from each group (Btlateral, Antertor, 
Postertor, and Postertor Extenston) were determined using 
two-way Analyses of Variance (ANOVA) with repeated 
measures on one factor (depth of rejection) followed by 
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T A B L E 2  T A B L E 3  
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Weight Baseline EMG 
(g) (/xV) 

Injection 
Stte Sahne* MN Sahne* MN 

Anterior 

12mm 285-+ 8¢ 283 -+ 12t 8 2 _  1 3 120-+ 3 4  
13mm 3 1 6 _  + 7 3 2 6 -  + 9 6 0 - + 0 6  8 6 - + 1 1  
14mm 334-+ 4 349___ 9 8 2 - + 1 2  7 6 - + 1 0  

Bilateral 

12 mm 258 -+ 7t 263 -+ 7t 12 4 _+ 2 0 18 0 -+ 5 0 
13mm 278 -4- 7 291 _+ 7 11 6_+ 2 6  146___ 38  
14mm 3 0 9 _  + 7 3 1 4 _  + 4 1 1 6 - + 2 6  106___18 

Posterior 

12mm 281 _+ 15t 287 -4- 12t 74__ 1 2 86__ 1 6 
13mm 299-+ 6 3 0 4 _  + 6 8 0 - + 2 2  9 0 _ + 1 3  
14mm 315_+ 14 330_+ 5 70 -+  2 0  64_+ 1 0 

Posterior Extenstons 

14 mm 236 ___ 5 + 254 -+ 8~ 10 0 -+ 1 2 11 2 -+ 1 8 
15mm 2 6 4 -  + 9 270-+ 9 7 4 - + 0 6  8 6 - + 1 0  
16mm 293 -+ 10 297-+ 10 84 -+  1 0 94 -+  14  

*Expressed as mean _ S E M 
t p < 0  05 between mcreasmg mjectton depths wtthln one expert- 

mental group (by ANOVA) 

N e w m a n - K e u l s  a postertorl t e s t s  B a s e h n e  E M G  act iv i ty  
and  m e a n  a m m a l  weigh ts  b e t w e e n  t r e a t m e n t  g roups  and  in- 
j e c t i on  d e p t h s  in each  e x p e r i m e n t a l  g roup  were  ana lyzed  in 
the  same  m a n n e r  Da t a  were  e x p r e s s e d  as mean_+S.E M 
and  a p va lue  of  less t han  0 05 was  c o n s i d e r e d  s ta t is t ical ly  
s ignif icant  

RESULTS 

The  an ima l s '  we igh t  genera l ly  inc reased  o v e r  the  course  
o f  e ach  e x p e r i m e n t  s ince  8 to  10 days  e l apsed  b e t w e e n  the  
first  and  the  las t  i n t r ace reb ra l  re jec t ions  (Table  2). The re  
was ,  h o w e v e r ,  no  s ta t is t ical ly  s ignif icant  d i f fe rence  in m e a n  
weigh t  b e t w e e n  M N  and  S A L  groups  at  any  in jec t ion  d e p t h  
in any  e x p e r i m e n t a l  g roup  B a s e h n e  E M G  values  were  also 
no t  s ta t i s t ica l ly  d i f fe rent  b e t w e e n  any  e x p e r i m e n t a l  g roup  

Concu r r en t l y ,  a sepa ra te  g roup  o f  an imals  ch romca l ly  
imp lan ted  wi th  c a n n u l a e  at  the  Antertor ( n = 5 )  and  Postertor 
( n = 6 )  si tes was  s tud ied  to t e s t  for  t o l e r ance  T h e s e  an imals  
were  g iven  A L F  wi t hou t  any  pr ior  In t r ace rebra l  in jec t ions .  
They  s h o w e d  E M G  ac t i w t y  (overal l  mean" 38.9_+9.6) wh ich  
was  s ta t is t ical ly  ind~st ingmshable  f rom an imals  w h o s e  f irst  
A L F  re jec t ion  was  p r e c e d e d  by  an  m t r a c e r e b r a l  in jec t ion  of  
saline.  

Only  wi th in  the  Btlateral group  was the re  a s igmficant  
d rug -dep th  in te rac t ion ,  F(2 ,30)=3 .67 ,  p < 0  05 F u r t h e r  
analys is  r evea l ed  t ha t  on ly  M N  In jec t ions  at  b o t h  the  13 mm,  
F(1 ,38)=18  68, p < 0  001, and  the  14 m m ,  F(1 ,38)=5 .02 ,  
p < 0  05, d e p t h  s igmficant ly  r e d u c e d  r igidi ty c o m p a r e d  wi th  
S A L  con t ro l s  N o t e  tha t  M N  in jec t ions  at  t he se  two si tes 
r e su l t ed  in the  l owes t  ave rage  rigidity scores  o f  any  group.  
On  tustological  e x a m i n a t i o n ,  t he se  In jec t ion  s i tes  were  j u s t  

Injection 
Stte Depth 

Area Under EMG Curve 

Sahne* Methylnaloxonmm 

Anterior 12mm 51 1 _+ 8 6  236_+ 3 5 t  
13mm 4 0 1 -  + 5 9  256-+ 6 4  
14mm 427-+ 6 6  344-+ 63  

Btlateral 12mm 363-+ 2 7  287-+ 4 9  
13mm 477___ 5 9  193_+ 1 7,  
14ram 3 6 4 -  + 55  2 1 7 -  + 32§ 

Posterior 12 mm 50 8 -+ 12 8 36 0 -+ 9 7 
13mm 439-+ 91  278___ 6 7  
14mm 546-+ 166 429_+ 102 

Posterior 14mm 45 1 -+ 6 9  39 1 -+ 53  
Extenstons 15mm 562-+ 9 1 348_+ 104 

16mm 455 + 4 2  329___ 5 2  

*Expressed as m e a n _  S E M Data analyzed by two-way 
ANOVA followed by Newman-Keuls 

t p < 0  05, overall simple mam effect of MN vs SAL wtthout 
drug-stte mteractton 

:~p<0 001 between saline and MN groups at thts site 
§p<0 05 between sahne and MN groups at thts stte 

la teral  to,  bu t  no t  wi thin ,  the  RPn  H o w e v e r ,  because  m a n y  
o f  the  Bdateral cannu l a t l ons  were  not  prec ise ly  cen te red  
wi th  r e spec t  to the  ce rebra l  mldhne ,  one  of  the  two lateral  
in jec t ion  cannu lae  was  genera l ly  slightly c lose r  t han  1 m m  
to the  RPn  

While  overa l l  wi th in  the  Anterior group,  in jec t ions  of  M N  
(at all s i tes c o m b i n e d )  s ignif icant ly  a t t e n u a t e d  rigidity com-  
pa red  wi th  S A L  in jec t ions ,  F (1 ,11)=5  0, p < 0  05, the  drug-  
dep th  In te rac t ion  failed to a t ta in  s ta t is t ica l  s ignif icance,  
F(2 ,22)=2 .06 ,  p > 0  15 Thus ,  while  a weak  s imple  main  ef- 
fect  was  ob ta ined ,  it was  insuff ic ient  to Identify a specif ic  
site of  M N  ac t ion  in the  Antertor group  desp i te  the  fac t  tha t  
the  g rea tes t  m e a n  expe r imen t a l  d i f fe rence  b e t w e e n  M N  and  
S A L  occu r r ed  at  the  12 m m  in jec t ion  dep th  in this  g roup  
Histological ly ,  the  12 m m  Anter, or in jec t ion  site was  in the  
r egmn of  the  p e n a q u e d u c t a l  gray (not  too d i s t an t  f rom the  
deep  layers  of  the  s u p e n o r  co lhculus  and  the  dorsa l  r aphe  
nuc leus)  while  the  14 m m  in jec t ion  site a p p e a r e d  to be  in the  
region of  the  m e d i a n  r aphe  nuc leus  (see Fig 1) 

The re  were  no  s ignif icant  d i f fe rences  b e t w e e n  M N  and 
S A L  in jec t ions  in the  Postertor or the  eoster tor  Extenstons 
groups  ( F < I . 0 )  His to logica l  examina t i on  of  the  b ra ins  re- 
vea led  tha t  the  les ions  p r o d u c e d  by  the  final in jec t ion  in 
eve ry  an imal  fell wi th in  a circle  wi th  a radius  o f  approx-  
imate ly  1 m m  

Figure  3 depic t s  the  resul t s  of  deta i led  his tological  exam-  
lna t lon  of  the  si tes o f  M N  injec t ion in the  Bdateral group  
Us ing  a cr i ter ia  of  at  leas t  a 40% reduc t t on  in E M G  act iv i ty  
c o m p a r e d  wt th  m a t c h e d  S A L  con t ro l s ,  one  can  see tha t  the  
more  ven t r a l  l n j e c t m n  si tes la teral  to  the  r aphe  nuclei  wi th in  
the  pons  a p p e a r  to be  the  mos t  sens i t ive  s i tes  ( sohd c i rc les  in 
the  figure) for  r eve r sa l  o f  a l fentanl l  ng ld l ty  by  pr ior  M N  
in jec t ion  N o t e  tha t  for  v isua l iza t ion ,  the  c i rc les  r ep resen t ing  
in jec t ion  si tes are dep ic ted  s o m e w h a t  smal le r  t han  the  a reas  
o f  ac tua l  t i ssue  damage  
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I I1 ram 
1 mm 

FIG 3 The results of detailed histological examination of the sites of MN injection in 6 
animals from the Bdateral group Two brains were inadvertently lost prior to detailed exam- 
ination and are not included in this figure although approximate injection location had been 
confirmed during lmtlal sectlomng The 12 and 13 mm lnlectlon sites were estimated by 
measunng back from the identified 14 mm s~te on th~s frontal section (after Pellegrmo, Pelle- 
gnno and Cushman) Note that for visualization, the dots representing lnjectton sites are 
depicted somewhat smaller than the areas of actual tissue damage Using a criteria of at least a 
40% reduction in EMG activity compared with matched SAL controls, one can see that the 
more ventral reJection sites (13 and 14 ram) lateral to the raphe nuclei within the pons appear 
to be the most sensitive sites (solid circles) for reversal of alfentanll rigidity by prior MN 
rejection Open circles depict MN reJection sites which produced less than a 40% decrease m 
rigidity compared with SAL DR dorsal raphe nucleus, RPn raphe pontls nucleus 

DISCUSSION 

Subcutaneous rejections of alfentanll produce the rapid 
onset (1-2 minutes) of an intense muscle rigidity which gen- 
erally persists for 30 to 45 minutes This rigidity can be 
readily reversed by the systemic admmlstrat~on of the opmte 
antagomst naloxone [25] In addition to exhibiting rigidity, 
ammals that receive ALF are akmetlc, lose their righting 
reflex, and appear to be m a trance-hke state 

The present technique for studying the sites of action of 
opiate-reduced muscle rigidity in the rodent brain is different 
from that of prewous investigators [19, 22, 25, 26] Ammals 
are pretreated with direct mtracerebral reJections of the hy- 
drophdlc opmte antagonist methylnaloxomum and then, 
after the insertion of EMG leads, are rejected subcutane- 
ously with the potent opiate agonlst, alfentand There are 
two d~stmct advantages of this protocol, one relating to the 
use of  MN, and the other to the use of  A L F  First, because 
MN is hydrophlhc, the drug appears to remain relatively 
locahzed to the lntracramal site of  mjecUon with less dtffu- 
s~on or systemic absorption than that seen with more 
hpophdlc agents hke naloxone [13] MN has been shown to 
be an effective antagonist at the opiate receptor [1] Sec- 
ondly, because A L F  has a very rapid onset and a relatively 
short duration of  action [ 18], basehne (pre-ALF) EMG activ- 
ity can be recorded and then, almost lmmedmtely after A L F  
mjecUon, a rehable increase in EMG actlwty occurs which 
corresponds to profound muscle rigidity 

The results of the present study appear to substantiate the 
sensitivity and selectivity of  this experimental technique for 
investigating the sites of action of opiate-reduced muscle 
rigidity in the rodent brain One cannot, however, rule out 
the possibility that the effects of centrally administered MN 
resulted, at least in part, from a diffusion of  the drug to 
nearby brain regions It has been estimated that a 1/zl mtra- 
cranial injection of any drug, regardless of its hydrophlhclty, 
will spread out in a sphere with an approximate radius of 1 
mm [31] This may be of  particular concern in the bralnstem 
where there is a concentration of  a large number of discrete 
nuclei, many of which are involved in motor control [10] 

It is also possible that the mechanical effects of 
intracerebral injection at one or several sites produced local 
trauma which altered the normal pathways regulating motor 
tone and behavior and thereby potentially affected the 
animal's response to A L F  This possibility was tested by 
using parallel SAL control groups at each injection site 
Dunstan et al [21], employing extensive intracerebral inJec- 
tions of morphine, were the first to tmpllcate the brainstem 
reticular formation in opmte-induced rigidity Blasco and 
coworkers [7] subsequently showed that 0.125 /zg of  MN 
reJected into the RPn slgntficantly attenuated ALF-mduced 
rigidity In contrast, 2.0 tzg of  MN reJected mtraventncularly 
was necessary to slgmficantly decrease rlgldlty while MN 
doses up to 4 0/~g refused into the caudate nucleus had no 
effect A s~mdar pattern was obtained by assessing ALF- 
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reduced catatonla or total locomotor activity after 
mtracerebral MN mjectmns mto the RPn and CN [2]. 

The results of the present study suggest that very few 
discrete lower brain regmns mediate opmte-lnduced muscle 
rigidity. While it is possible that lateral structures at the level 
of the RPn were responsible for the attenuating effects of 
MN injectmns at 13 mm in the Bdateral  group, the mldhne 
RPn may have, In fact, also been affected due to the adjacent 
lnjectmn of MN This could partly be accounted for by im- 
perfect centering of the bilateral cannulae about the mldhne 

Injectmns at 12 mm in the Anterior  group were in the 
region of the periaqueductal gray (PAG) or nearby mldbraln 
structures Previous work has suggested that these regions 
may be revolved in the expression of ngl&ty [14, 35, 36] MN 
administered specifically into the deep layers of the superior 
colhculus significantly reversed ALF-mduced rigidity (un- 
pubhshed). In a recent study by Wlddowson [40], direct in- 
jections into the PAG of the mu agonlst d- 
ALA2-MePhe4-Gly-oP-enkephalIn or/3-endorphm produced 
significant hmb rigidity which could be reversed by ICV nal- 
trexone Pretreatment with 5,7-dlhydroxytryptamme pre- 
vented the rigidity suggesting that serotonerglc pathways 
play a role within the PAG 

Injections at the 14 mm depth In the Anterior  group were 
in the region of the median raphe nucleus while those at the 
12 mm depth in the Bdateral  group fell just lateral to the 
caudal portion of the dorsal raphe nucleus. Further studies 
must be performed with Injections directly and speofically 
into these more rostral raphe nuclei before any conclusmns 
can be drawn about their role in mediating opiate-induced 
rigidity 

The raphe nuclei are a major source of serotonerg~c path- 
ways which may play an important role In opmte-mduced 
rigi&ty and catatonla [3, 12, 19, 39] The dorsal and the 
median raphe nuclei send ascending serotonergic pathways 
to the basal gangha and the hmblc system, respectively 
[8,24] On the other hand, most of the descending 
serotonerglc projectmns originate in the medullary raphe 
nuclei, while the serotonin neurons within the RPn project 
primarily to the cerebellum [6, 11, 34] In contrast to 
the role of these descending 5-HT pathways m medmtlng 
analgesia [29], recent work suggests that descending 
serotonerglc neurons do not play a role In the expression of 
alfentaml-induced rigidity [39] It thus appears that any 
serotonerglc involvement in opmte-induced rigidity is due to 
supraspinal pathways 

Prewous investigators have emphasized the basal gangha 
as an Important site for opmte-lnduced rigidity [25] The 
basal gangha not only contains high concentrations of opiate 
receptors [27] but It is crucial to the extrapyramidal control 
of muscle tone and posture [4] GABAerglc pathways within 

the basal gangha seem to play an important role in mediating 
rigidity Muscle hypertonus can be induced by injections of 
musclmol into the substantla nlgra pars compacta [26] or into 
the ventral aspect of the neostriatum [37] Similarly, rigidity 
occurs If striatomgral GABAerglc transmission is decreased 
by injectmn of bicuculllne into the substantla nigra pars re- 
tlculata [26] The striatonlgral tract has been shown to termi- 
nate monosynaptlcally on GABAergic neurons of the sub- 
stantia mgra pars retlculata which then project to the ven- 
tromedlal thalamus [33]. GABAerglc pathways also project 
from the nlgra to the superior colhculus [20] Both the deep 
layer of the superior colhculus [22,23] and the ventromedlal 
thalamus [30] appear to be involved in the expression of 
hlndhmb rigidity 

Cheslre and coworkers have implicated the nucleus re- 
tlcularis tegmentl pontls (NRTP), a brmnstem structure just  
ventrolateral to the RPn, in rodent motor behavior Lesions 
of the NRTP or direct injections of opmtes or GABA into this 
region reversed the akmesla produced by systemic morphine 
or haloperidol [16,17] They hypothesized that systemic 
opiates produce 'explosive motor behavior' by inactivating 
an inhibitory pathway m this region and that serotonln plays 
a role m the activity of the NRTP [15] The stereotaxlc 
coordinates used by Cheshire and co-investigators for the 
NRTP were only a few mllhmeters ventral to those used in 
our Bdateral  group Because of the close proximity of the 
NRTP to the RPn in the rodent, one cannot exclude the 
posslblhty that some of the effects of MN injection m the 
RPn (or bilateral to it) on ALF-Induced rigidity are due to 
action on the NRTP On the other hand, It is also possible 
that some of the effects reported by ChesIre and coworkers 
were due to activity m the RPn rather than the NRTP 

In conclusion, Injection of the relatively hpophoblc opiate 
antagonist methylnaloxonmm into the region of the nucleus 
raphe pontls, but not in adjacent sites posterior or ventral to 
this area, significantly reversed the Increased hlndhmb elec- 
tromyographlc activity produced by the systemic admims- 
tratlon of alfentanll Further studies using thzs technique may 
permit a detaded mapping of the neural clrcmtry involved in 
opiate-induced rigl&ty These results suggest that specific 
hindbraln sites, known to contain GABAergic and 
serotonergic pathways, may play an important role in the 
muscle rigidity associated with opiate drugs and may also be 
Involved in medmtlng normal motor behavior 
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