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ABSTRACT 

An exper imenta l  i n v e s t i g a t i o n  was c a r r i e d  o u t  concern ing t h e  p o t e n t i a l  

n e u r o t o x i c  e f f e c t s  o f  c l o n i d i n e .  For  t h i s  purpose i n t r a t h e c a l  o r  e x t r a d u r a l  

c a t h e t e r s  were imp lan ted  i n  dogs. C l o n i d i n e  a t  a dose l e v e l  o f  25 ug/kg o r  

12.5 ug/kg, o r  placebo, was then  a d m i n i s t r a t e d  v i a  t h e  c a t h e t e r  once d a i l y  f o r  

14 consecu t i ve  days. The s p i n a l  c o r d  and t h e  ne rve  r o o t s  were then  taken f o r  

neu ropa tho log i ca l  a n a l y s i s .  

t h e  morpho log ica l  i n v e s t i g a t i o n  suppor t  t h e  c o n c l u s i o n  t h a t  c l o n i d i n e  under 

these c i rcumstances does n o t  have any s i g n i f i c a n t  n e u r o t o x i c  e f f e c t s .  

Observat ion o f  t h e  n e u r o l o g i c a l  behaviour  o f  t h e  animals  and t h e  r e s u l t s  o f  

INTRODUCTION 

The e x i s t e n c e  o f  seve ra l  endogenous systems which modulate n o c i c e p t i v e  i n -  

f o r m a t i o n  a t  t h e  s p i n a l  c o r d  l e v e l  has p r e v i o u s l y  been demonstrated i n  e x p e r i -  

mental animal. The endorphine system (1,2), t h e  ana lges i c  c a p a c i t y  o f  which i s  

used i n  c l i n i c a l  p r a x i s  by  a d m i n i s t r a t i o n  o f  o p i a t e s  s y s t e m i c a l l y  o r  c l o s e  t o  

t h e  c e n t r a l  nervous system (CNS) i s  t h e  b e s t  known example o f  t h i s  group. 

Another pa in -modu la t i ng  system e f f e c t i v e  a t  t h e  l e v e l  o f  t h e  s p i n a l  

no rep inephr ine  as t h e  t r a n s m i t t o r  substance ( 3 ) .  Norepinephr ine app 

s p i n a l  c o r d  i n  an imals  g i v e s  r i s e  t o  a segmental dose-dependent ana 

v e r s i b l e  w i t h  s p e c i f i c  a lpha-adrenoreceptor  b l o c k e r s  ( 4 ) .  

C lon id ine ,  an i m i d a z o l e  compound, a l s o  e x h i b i t s  ana lges i c  p roper  

c o r d  uses 

i e d  t o  t h e  

ges ia  re -  

i e s  (5), 
presumably by  a c t i n g  as an a g o n i s t  on t h e  p r e s y n a p t i c  a lpha-2-adrenoreceptors  

(6) i n  t h e  s p i n a l  c o r d  ( 7 ) ,  as w e l l  as i n  sup rasp ina l  p a r t s  o f  t h e  CNS (8,9). 

An ana lges i c  e f f e c t  has been demonstrated upon in t ravenous  a d m i n i s t r a t i o n  o f  

c l o n i d i n e  t o  p a t i e n t s  w i t h  p o s t o p e r a t i v e  p a i n  (10 ) .  Thus, i n  a d d i t i o n ,  c l o n i -  

d i n e  admin i s te red  i n t r a t h e c a l l y  g i v e s  segmental dose-dependent ana lges ia  com- 
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parab le  t o  i n t r a t h e c a l  morphine ( 4 ) .  I n t r a t h e c a l  c o - a d m i n i s t r a t i o n  o f  sub- 

ana lges i c  doses o f  morphine and ST-91, a c l o n i d i n e  analogue, a l s o  g i v e s  p o t e n t  

ana lges ia .  A t r u e  p o t e n t i a t i o n  seems t o  occu r  as w e l l  as a markedly  reduced 

tendency t o  develop t o l e r a n c e  (11) t o  t h e  i n d i v i d u a l  substances. The p o s s i b i -  

l i t y  o f  modu la t i ng  nox ious impulses a t  t h e  d o r s a l  horn i s  o f  cons ide rab le  i n t e -  

r e s t  i n  c l i n i c a l  medic ine.  C l o n i d i n e  m igh t  i n  t h e  f u t u r e  be used i n  man f o r  

t h i s  purpose. Both t h e  i n t r a t h e c a l  and e p i d u r a l  r o u t e  o f  a d m i n i s t r a t i o n  m i g h t  

t hen  be used. However, b e f o r e  i t  i s  t e s t e d  c l i n i c a l l y ,  t h e  t o x i c i t y  o f  t h e  

d rug  must be known. The systemic t o x i c i t y  o f  c l o n i d i n e  by t h e  o r a l  and i n t r a -  

venous r o u t e  i s  w e l l  documented (12 ) .  N e u r o t o x i c o l o g i c a l  s t u d i e s  where c l o n i -  

d i n e  has been admin i s te red  c h r o n i c a l l y  by  t h e  i n t r a t h e c a l  o r  t h e  e p i d u r a l  

r o u t e s  have n o t  been r e p o r t e d .  

The p r e s e n t  exper iments were c a r r i e d  o u t  t o  examine i f  c l o n i d i n e  admin is-  

t e r e d  by  t h e  s p i n a l  r o u t e  has any severe adverse e f f e c t s  on t h e  s p i n a l  c o r d  

and ne rve  r o o t s  which c o u l d  be d e t e c t e d  by  a n e u r o p a t h o l o g i c a l  a n a l y s i s  a t  t h e  

l i g h t  m i c r o s c o p i c a l  l e v e l .  

MATERIAL AND METHODS 

I n t r a t h e c a l  c a t h e t e r s  were imp lan ted  i n  female beagle dogs. The animals  

were then  observed f o r  seven days. Only those who were comp le te l y  n e u r o l o g i -  

c a l l y  u n a f f e c t e d  by t h e  c a t h e t e r  i m p l a n t a t i o n  procedure t o o k  p a r t  i n  t h e  s t u d y  

(n=5). C l o n i d i n e  a t  e i t h e r  o f  two dose l e v e l s ,  25 ug/kg o r  12.5 ug/kg, o r  

p lacebo was then  admin i s te red  i n  t h e  c a t h e t e r ,  once d a i l y ,  f o r  14 consecu t i ve  

days. Two dogs rece ived  t h e  h i g h e r  dose, two t h e  l ower  and one r e c e i v e d  p lace -  

bo. One dog served as c o n t r o l  f o r  t h e  p e r f u s i o n  techn ique  used f o r  t i s s u e  

f i x a t i o n ,  and no c a t h e t e r  was imp lan ted  i n  t h i s  animal (n=1) (Table 1). 

Table 1. Given doses o f  c l o n i d i n e  and c a t h e t e r  p o s i t i o n  

Dose P o s i t i o n  o f  c a t h e t e r  

Dog no 1: C l o n i d i n e  25 ug/kg/day I n t r a t h e c a l  
Dog no 2: Placebo E x t r a d u r a l  
Dog no 3: C l o n i d i n e  12.5 ug/kg/day I n  t r a  t h e c a l  
Dog no 4: C l o n i d i n e  25 ug/kg/day E x t r a d u r a l  
Dog no 5: C l o n i d i n e  12.5 ug/kg/day E x t r a d u r a l  
Dog no 6: No c a t h e t e r  

A f t e r  each i n j e c t i o n  t h e  dogs were observed by  a v e t e r i n a r i a n  f o r  s i g n s  o f  

abnormal behaviour ,  i n c l u d i n g  s i g n s  o f  n e u r o l o g i c a l  d e f i c i t .  The body we igh t  

was r e g i s t e r e d  a t  day 1 and 14. A f t e r  14 days t h e  dogs were s a c r i f i c e d .  

267 



S u r g i c a l  p r o t o c o l  

w i t h  Pen to tha l  i .v.,  t h e  t rachea  was i n t u b a t e d  and anaesthes ia was ma in ta ined  

w i t h  a m i x t u r e  o f  oxygen and N20, 50/50, t o  which 0.5 % ha lothane was added. 

The v e n t i l a t i o n  was a s s i s t e d .  The dogs were p laced  w i t h  head f l e x e d  forward.  

F o l l o w i n g  a s e p t i c  procedures t h e  a t l a n t o - o c c i p i t a l  membrane was exposed and 

t h e  dura c u t  r o s t r o - c a u d a l l y  i n  t h e  m i d l i n e .  A c a t h e t e r  (Ve rdu ra l  e p i d u r a l  

c a t h e t e r  0.8 mm e x t .  d iamete r )  was i n s e r t e d  i n  t h e  subdura l  space and d i r e c t e d  

c a u d a l l y  u n t i l  i t s  t i p  was considered t o  be l o c a t e d  i n  t h e  lumbar r e g i o n .  The 

p rox ima l  end o f  t h e  c a t h e t e r  was su tu red  t o  t h e  s k i n  on t o p  o f  t h e  head o f  t h e  

animal. The f r e e  end o f  t h e  c a t h e t e r  was connected t o  an a n t i b a c t e r i a l  f i l t e r  

(Transcodan m i c r o f i l t e r R ,  0.2 um) through which t h e  i n j e c t i o n s  l a t e r  were 

g i ven .  Tape was used t o  p r o t e c t  t h e  f r e e  end o f  t h e  c a t h e t e r  and f i l t e r .  The 

procedure i s  a m o d i f i c a t i o n  o f  t h e  method desc r ibed  f o r  r a t s  by  Yaksh e t  a l .  

( 1 3 ) .  

For i m p l a n t a t i o n  o f  t h e  i n t r a t h e c a l  c a t h e t e r  t h e  animals  were anaes the t i zed  

R 

I n j e c t i o n  p r o t o c o l  

A l l  t e s t  drugs were g i v e n  i n  volumes of 1 m l .  The c a t h e t e r  system and a n t i -  

b a c t e r i a l  f i l t e r  were pr imed w i t h  t h e  t e s t  drug. 

Drugs 

H20; and 0.9 % NaC1, pH 6.0, 280 mosm/kg H20. 

Drugs used were c l o n i d i n e  HC1 (Boehr inger  Inge lhe im) ,  pH 4.0, 289 mosm/kg 

T issue p r e p a r a t i o n  

t i o n .  A f t e r  thoracotomy a l a rge -bo re  c a t h e t e r  was i n t r o d u c e d  i n t o  t h e  l e f t  

v e n t r i c l e .  A f t e r  p re t rea tmen t  w i t h  hepar in  500 I U  i . v .  and c o n t r o l l e d  v e n t i l a -  

t i o n  w i t h  100 % oxygen, 2 l i t r e s  o f  R i n g e r ' s  s o l u t i o n  were i n f u s e d  under 

p ressu re  through t h e  l e f t  v e n t r i c l e ,  t o  exanguinate t h e  animal. The b lood  

escaped through an i n c i s i o n  i n  t h e  r i g h t  v e n t r i c l e .  Immediate ly  a f t e r  t h e  

Ringer  i n f u s i o n ,  w i t h o u t  i n t e r r u p t i o n  o f  t h e  stream, 2 l i t r e s  o f  a b u f f e r e d  

2 % s o l u t i o n  o f  paraformaldehyde (pH 7.4) f o l l o w e d  w i t h o u t  l e t t i n g  a i r  i n t o  

t h e  system. F i f t y  m l  o f  b u f f e r e d  paraform - 2 % g l u t a r a l d e h y d e  were then  i n -  

j e c t e d  through a needle i n s e r t e d  pe rcu taneous ly  through t h e  a t l a n t o - o c c i p i t a l  

membrane t o  immerse t h e  a l r e a d y  per fused s p i n a l  cord.  An o u t l e t  f o r  t h e  so lu -  

t i o n  i n fused ,  t o  a v o i d  abnormal pressures around t h e  cord, was made by  i n -  

s e r t i n g  a l a r g e  bore needle percutaneously  bes ide  t h e  needle mentioned above. 

F i v e  dogs were nec rops ied  1 h a f t e r  s a c r i f i c e  (no. 1, 2, 3 ,  4, 6). Dog 

no. 5 was necrops ied w i t h i n  12 h a f t e r  s a c r i f i c e .  A r o u t i n e  autopsy was per-  

formed on a l l  dogs. The b r a i n ,  s p i n a l  c o r d  ( i n c l u d i n g  nerve r o o t s )  and s c i a t i c  

The animals  were anaes the t i zed  i n  t h e  same way as f o r  c a t h e t e r  imp lan ta -  
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nerves were removed segment by  segment and immersed i n  2 % pa ra fo rmg lu ta r -  

aldehyde s o l u t i o n  and s t o r e d  a t  +4OC. The t i s s u e s  were sampled f rom a l l  c e r v i -  

c a l ,  t h o r a c i c  and lumbar s p i n a l  c o r d  segments i n  a l l  dogs. T issues from b r a i n ,  

s p i n a l  c o r d  ( i n c l u d i n g  ne rve  r o o t s )  and s c i a t i c  nerves were p a r a f f i n  embedded, 

sec t i oned  and s t a i n e d  w i t h  hematocy l in-eos in and l u x o l  f a s t  b lue.  L i g h t  m ic ro -  

scopy was used f o r  examinat ion o f  t h e  t i s s u e  samples u s i n g  coded s e c t i o n s .  

RESULTS 

The body we igh t  d i d  n o t  change s i g n i f i c a n t l y  i n  any dog d u r i n g  t h e  14 day 

t r i a l  pe r iod .  

Signs o f  seda t ion  were n o t i c e d  i n  t h e  two dogs r e c e i v i n g  t h e  h i g h  c l o n i d i n e  

doses f o r  about  1 h a f t e r  i n j e c t i o n .  No o t h e r  changes i n  genera l  appearance o r  

n e u r o l o g i c  behav iou r  c o u l d  be d e t e c t e d  by  obse rva t i on  of t h e  animals  d u r i n g  

t h e  e n t i r e  pe r iod .  

No g ross  hes ions were no ted  i n  t h e  s p i n a l  c o r d  and t h e  b r a i n  a t  autopsy. 

T issue r e a c t i o n  t o  t h e  c a t h e t e r  and l o c a t i o n  of c a t h e t e r s  

no. 1 and 3 was l o c a t e d  i n  t h e  subarachnoidal  space ( F i g .  1). 
M u l t i p l e  c ross  s e c t i o n s  f rom t h e  c o r d  revea led  t h a t  t h e  c a t h e t e r  i n  dog 

F ig .  1 

Cross s e c t i o n  of t h e  t h o r a c i c  
s p i n a l  c o r d  (dog no. 1). The 
c a t h e t e r  i s  l o c a t e d  v e n t r a l l y  i n  
t h e  subarachnoidal  space. 

I n  t h e  rema in ing  dogs, no. 2, 4, 5, i n c l u d i n g  t h e  c o n t r o l  t h e  p o s i t i o n  o f  

t h e  t i p  o f  t h e  c a t h e t e r  was immed ia te l y  o u t s i d e  t h e  dura. The t i p  o f  t h e  

c a t h e t e r  was l o c a t e d  between TI3 and L4. I t  was surrounded by  a narrow zone 

composed o f  g r a n u l a t i o n  t i s s u e  and connec t i ve  t i s s u e .  The amoun o f  granula-  

t i o n  t i s s u e  v a r i e d  from segment t o  segment between i n d i v i d u a l s .  I n  dog no. 1 
t h e  c a t h e t e r  caused i n  some areas a marked impress ion o f  t h e  sp n a l  c o r d  
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parenchyma; i n  dog no. 3 i t  caused a very mild impression. 

Spinal cord and nerve roots 
As shown i n  Fig. 1 the  spinal cord looked normal in a l l  the  dogs apa r t  from 

a mild uni la te ra l  swelling of the peripheral par t  of the cord along the  
course of the ca the t e r  ( F i g .  2 ) .  The long t r a c t s  d i d  not show any signs of i n -  
j u ry  and the  ventral  motor neurons were normal ( F i g .  3a, 3b). 

F i q .  2 
Lumbar spinal cord from dog 
no. 3. Dorsal area of the 
l a t e r a l  funiculus including 
dorsal spinocerebel l a r  and 
l a t e r a l  cor t icospina l  t r a c t s .  
Notice mild swelling of par- 
t i c u l a r l y  the  peripheral par t  
of the cord. 

The in t radura l  pa r t s  of the  roots were e n t i r e l y  normal (Fig.  4 )  except f o r  
a small area in a lumbar nerve root of dog no. 1. In t h i s  par t  there  was a 
group of c lose ly  packed f i b e r s  which apparently had l o s t  t h e i r  myelin shea ts .  

A few neurons i n  the c ran ia l  spinal ganglia of a l l  the dogs showed signs of 
i n ju ry  w i t h  p ro l i f e ra t ion  of s a t e l l i t e - capsu le  c e l l s .  I t  should be emphasized, 
however, t h a t  the changes were s l i g h t  and were r e s t r i c t e d  to  a reas  t h a t  had 
been in d i r e c t  contact w i t h  the  ca the te r .  The a reas  close to  the d i s t a l  end of 
the  ca the t e r  d i d  not d i f f e r  h i s to log ica l ly  from more proximal pa r t s .  The sc ia -  
t i c  nerves revealed no s ign i f i can t  microscopic les ions  i n  any of the  dogs. 

Brain 
Multiple sec t ions  were randomly se lec ted  from the  cerebrum and cerebellum. 

In a l l  the dogs, including the  cont ro ls ,  microscopic examination of the cere- 
bral cortex revealed several  shrunken eos inophi l ic  neurons w i t h  pyknotic 
nuc le i .  They were sca t te red  d i f f u s l y  within the  cortex.  They were not accom- 
panied by any g l i a  ce l l  reaction and probably occurred as a consequency of 
the  perfusion w i t h  s a l ine  p r io r  t o  f i xa t ion .  The changes were present a l so  i n  
the  dogs t h a t  rece ved ne i the r  clonidine,  nor ca the te r .  Why the  brain cortex 
came out l e s s  well preserved, u s i n g  this method, remains to  be s e t t l e d .  
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Fig. 3 
Lumbar spinal cord from 
dog no. 3 .  No changes vi-  
s i b l e  in the ventral  horn 
( a ) .  Ventral motor neurons 
l o o k  perfec t ly  normal ( b ) .  

Lumbar area from dog no. 3 .  
Intradural pa r t s  of the  
nerve roots  have a normal 
appearance. 
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DISCUSSION 
The methods of t i s s u e  f ixa t ion  a re  c ruc ia l  i n  detection of the neurotoxic 

action of a drug. In this study we used buffered glutaraldehyde so lu t ion  t o  
immerse the  spinal cord i n  s i tu,  a f t e r  perfusing the  animals w i t h  paraform- 
aldehyde. T h i s  technique resulted i n  h i s to logica l  preparations of very good 
qua l i ty  from the spinal cord and roots even though the brain appeared l e s s  
well preserved. Therefore the methods applied should be adequate f o r  the pur- 
pose of our experiments. The doses of clonidine were 5 and 10 times higher 
than the dose normally used i n  man on o ther  ind ica t ions .  T h u s ,  i n  humans, 
2 ug/kg body weight of clonidine i . v .  i s  known t o  a f f e c t  the CNS, a s  indicated 
by a blood pressure reduction ( 1 2 ) .  

l og ic  behaviour of the  animals d u r i n g  the  14 day experiment period. The histo- 
log ica l  changes noticed i n  the  spinal cords and nerve roots  were a l l  along 
the  course of the ca the t e r ,  indicating a mechanical cause. No signs of d i f fuse  
neuronal damage o r  damage of cer ta in  ce l l  types ind ica t ing  a general tox ic  
e f f e c t  of the  t e s t ed  substance could be observed. The h i s to logica l  p ic ture  of 
neuronal s t ruc tu res  c lose  t o  the d i s t a l  end of the ca the t e r ,  where the  con- 
cent ra t ions  of clonidine were the highest ,  d i d  not d i f f e r  from more remote 
a reas .  

No di f fe rence  i n  the h is to logica l  p ic ture  of the spinal cords and nerve 

No signs of harmful e f f e c t s  of clonidine could be observed i n  the  neuro- 

roots  was present i n  e i t h e r  group of animals, whether the ca the t e r  was located 
in t r a theca l ly  o r  ep idura l ly .  Clonidine is considered to  pass e a s i l y  over the 
blood-brain b a r r i e r  (14) ,  and the possible neurotoxicity i s  of equal i n t e r e s t  
i n  both routes of administration. 

In t ra theca l  and epidural  administration of clonidine,  12.5 ug/kg and 
25 ug/kg, f o r  14 consecutive days d i d  not give r i s e  t o  any de tec tab le  neuro- 
t ox ic  changes a t t r i b u t a b l e  t o  clonidine.  The d i s c r e t e  signs of i n ju ry  t o  the  
spinal cord were a l so  found i n  the control animal receiving placebo. The le -  
sions a r e  well explained so le ly  by mechanical e f f e c t s  of the  implanted cathe- 
t e r .  

The findings presented here support the conclusion t h a t  c lonid ine ,  i n  the 
investigated doses, does not have any s i g n i f i c a n t  neurotoxic e f f e c t s  on the 
spinal cord and the in t radura l  pa r t s  of the nerve roots .  Further neurotoxic 
s tud ie s  in o ther  spec ies  a r e ,  however, recommended. In addi t ion ,  studies con- 
cerning the  e f f e c t  of i n t r a -  and ex t radura l ly  administered clonidine on other 
parameters, e.g. regional blood c i r cu la t ion  of the  spinal cord a r e  recommended 
before t r i a l s  on humans a r e  car r ied  out on a l a rge r  sca le .  F ina l ly ,  more de- 
t a i l e d  neurohistological examinations should be car r ied  out taking advantage 
of p l a s t i c  embedding combined with e lec t ron  microscopy. 
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