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ABSTRACT 

E p i d u r a l  c l o n i d i n e  i s  an a l t e r n a t e  way t o  t r e a t  severe p a i n  i n  man. The 

c e r e b r o s p i n a l  f l u i d  (CSF) and plasma c o n c e n t r a t i o n s  r e s u l t i n g  a f t e r  e p i d u r a l ,  

i n t ravenous  ( i . v . )  o r  i n t r a m u s c u l a r  ( i . m . )  c l o n i d i n e ,  3 ug/kg b.w. have been 

determined by a s e n s i t i v e  gas chromatographic  method. A p o r c i n e  model was 

used, where t h e  e p i d u r a l  and i n t r a t h e c a l  spaces were cannulated v i a  t h e  

a t l a n t o - o c c i p i t a l  membrane. A f t e r  e p i d u r a l  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 h e  CSF 

c o n c e n t r a t i o n s  were maximal 20 minutes a f t e r  t h e  i n j e c t i o n ,  129-24 ng/ml 

(mean S.D.). C l o n i d i n e  was e l i m i n a t e d  f rom CSF w i t h  an apparent h a l f - l i f e  o f  

26+8.2 minutes (mean - S . D . ) .  The plasma c o n c e n t r a t i o n s  s tayed below 1 ng/ml. 

Low plasma and unde tec tab le  CSF c o n c e n t r a t i o n s  r e s u l t e d  a f t e r  i . v .  c l o n i d i n e .  

Thus, e p i d u r a l  c l o n i d i n e  r e a d i l y  p e n e t r a t e s  t h e  dura mater i n t o  t h e  CSF, and 

t h e r e  i s  a marked g r a d i e n t  between CSF and plasma. 

+ 

+ 

I N T R O D U C T I O N  

Advances i n  p a i n  p h y s i o l o g y  have r e v e a l e d  seve ra l  s p i n a l  s y n a p t i c  systems, 

capable o f  m o d i f y i n g  n o c i c e p t i v e  impulses.  The ana lges i c  e f f e c t  t h a t  occurs 

a f t e r  s t i m u l a t i o n  o f  t h e  s p i n a l  o p i o i d  r e c e p t o r s  w i t h  exogenous o p i a t e s  a r e  

now we1 1 documented (1,9). I n  an imals  t h e  a lpha-2-receptor  a g o n i s t  c l o n i d i n e  

has been found t o  produce a power fu l ,  l o n g l a s t i n g  analges ia,  r e v e r s i b l e  by  

s p e c i f i c  a lpha -2 - recep to r  an tagon is t s ,  b u t  n o t  by naloxone (13,16). T h i s  i n -  

d i c a t e s  a mode o f  a c t i o n  d i f f e r e n t  f r o m  t h a t  of o p i o i d s .  A combinat ion o f  low 

doses o f  s p i n a l l y  i n j e c t e d  morphine and t h e  c l o n i d i n e  analogue ST 91, which 

b o t h  a re  i n e f f e c t i v e  when i n j e c t e d  on t h e i r  own, produced i n  an imals  a power- 

f u l  analges ia,  t o  which t o l e r a n c e  d i d  n o t  develop ( 1 7 ) .  C l i n i c a l l y ,  a n t i n o c i -  

c e p t i v e  a c t i o n  o f  c l o n i d i n e  has been r e p o r t e d  a f t e r  i . v .  a d m i n i s t r a t i o n  t o  

p a t i e n t s  s u f f e r i n g  f r o m  p o s t o p e r a t i v e  p a i n  ( 7 )  and a f t e r  e p i d u r a l  a d m i n i s t r a -  

t i o n  t o  p a t i e n t s  w i t h  severe non-mal ignant  p a i n  ( 1 5 ) .  An ana lges i c  e f f e c t  o f  

i n t r a t h e c a l  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  has a l s o  been r e p o r t e d  i n  a p a t i e n t  

s u f f e r i n g  f rom i n t r a c t a b l e  p a i n  f r o m  m e t a s t a t i c  carcinoma, a l r e a d y  t o l e r a n t  

t o  t h e  ana lges i c  e f f e c t  o f  i n t r a t h e c a l  morphine ( 3 ) .  
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The mechanism o f  a c t i o n  f o r  ana lges ia  produced by s p i n a l l y  admin i s te red  

c l o n i d i n e  i s  cons idered t o  be an a c t i v a t i o n  o f  p o s t s y n a p t i c  alpha-2-adreno- 

c e p t o r s  ( l o ) ,  l o c a t e d  i n  t h e  d o r s a l  horn o f  t h e  s p i n a l  co rd  (12 )  r e s u l t i n g  i n  

a decreased t r a n s m i s s i o n  o f  t h e  n o c i c e p t i v e  s i g n a l s .  Be fo re  widespread c l i n i -  

c a l  use o f  e p i d u r a l  c l o n i d i n e  can be commenced, i t s  pharmacologica l  p r o p e r t i e s  

have t o  be determined. I n v e s t i g a t i o n  o f  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  f r o m  

s p i n a l  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  has n o t  r e v e a l e d  any h i s t o p a t h o l o g i c a l  

changes ( 5 ) .  I n  p i g s  e p i d u r a l  c l o n i d i n e ,  3 ug/kg b.w. does n o t  a f f e c t  s p i n a l  

c o r d  b lood  f l ow ,  whereas 10 ug/kg b.w. causes a s i g n i f i c a n t  decrease ( 6 ) .  
I n  an i n v e s t i g a t i o n  o f  e p i d u r a l  c l o n i d i n e  i n  sheep marked c r a n i o s p i n a l  CSF 

and s p i n a l  CSF/plasma c o n c e n t r a t i o n  g r a d i e n t s  were present ,  b u t  no numer ica l  

d a t a  were s t a t e d  ( 2 ) .  Very low plasma c o n c e n t r a t i o n s  ( <  0.05 ng/ml)  have r e -  

c e n t l y  been r e p o r t e d  a f t e r  75 ug o f  c l o n i d i n e  g i ven  e p i d u r a l l y  t o  man (11).  
I n  t h e  p r e s e n t  s tudy  t h e  CSF and plasma c o n c e n t r a t i o n s  r e s u l t i n g  f r o m  epidura l ,  

i . v .  o r  i . m .  i n j e c t i o n  o f  c l o n i d i n e  i n  p i g s  a re  presented.  

METHODS 

The i n v e s t i g a t i o n  was approved by  t h e  l o c a l  E t h i c a l  Committee f o r  Animal 

P i g s  o f  Swedish breed weighing 20-25 kg were used. Anaesthes ia was induced 

Experiments. 

R w i t h  ketamine ( K e t a l a r  ) 500 mg i . v .  f o l l o w e d  by  a cont inuous i n f u s i o n  o f  

methomidate (Hypnodi l  ) 7.5 mg/kg/h and pancuronium bromide (Pavulon ) 2.1 

mg/kg/h f o r  muscle r e l a x a t i o n .  Tracheostomy was performed and t h e  animals r e -  

c e i  ved oxygen/ni t r o u s  o x i d e  (30/70) ,  v e n t i  1 a ted  by  means o f  a volume- 

c o n t r o l l e d  v e n t i l a t o r  (Servo v e n t i l a t o r  9008, Siemens Elema). The e n d - t i d a l  

carbon d i o x i d e  t e n s i o n  was k e p t  w i t h i n  normal l i m i t s  by  use o f  capnography 

and b l o o d  gas analyses.  

d u r i n g  t h e  exper iment  a t  a r a t e  o f  10 ml /kg/h.  Ca the te rs  f o r  i n t r a v a s c u l a r  

p ressu re  m o n i t o r i n g  and b l o o d  sampl ing were p laced  i n  t h e  r i g h t  c a r o t i d  

a r t e r y .  Ca the te rs  were i n t r o d u c e d  i n  t h e  e p i d u r a l  and i n t r a t h e c a l  spaces. 

Both c a t h e t e r s  were passed v i a  t h e  a t l a n t o - o c c i p i t a l  membrane acco rd ing  t o  a 

method desc r ibed  i n  d e t a i l  elsewhere ( 8 ) .  The method p e r m i t s  a r e l i a b l e  s imu l -  

taneous c a n n u l a t i o n  of t h e  e p i d u r a l  and i n t r a t h e c a l  spaces. The c a t h e t e r  t i p s  

were p laced  a t  t h e  same s p i n a l  l e v e l ,  separated o n l y  by  t h e  dura mater and t h e  

a rachno id  membrane. The r i s k  o f  leakage o f  a t e s t  substance, p laced  e p i d u r a l l y ,  

i n t o  t h e  CSF through t h e  punc tu re  h o l e  i n  t h e  du ra  mater, i s  e l i m i n a t e d  u s i n g  
t h i s  method. 

R R 

R Glucose 25 mg/ml i n  h a l f  i s o t o n e  R i n g e r - s  a c e t a t e  (Rehydrex ) was i n f u s e d  

R C l o n i d i n e  (Catapressan ) 3 ug/kg b.w. d i s s o l v e d  i n  5 m l  normal s a l i n e  was 

i n j e c t e d  e p i d u r a l l y  i n  f o u r  p i g s ,  i . v .  i n  two p i g s  and i . m .  i n  one p i g .  The 

dose used i n  t h i s  exper iment ,  3 ug/kg b.w., was chosen a f t e r  p i l o t  s t u d i e s  i n  
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humans, in which a dose of 2-3 ug/kg b.w. in most cases produces analgesia 
with tolerable side effects (15). 

Analysis o f  c lon id ine  

Samples of 2 mi of CSF and 10 ml of whole blood were drawn 20, 40, 60 and 
80 min after the administration of clonidine. The plasma was separated and all 
samples were stored at -2OOC until analysis. The CSF and plasma samples were 
analysed by a method described previously (4) with determination of clonidine 
using gas chromatography with electron capture detection. Analysis was done 
using a 1500 x 2 mm i.d. glass column packed with 3 % OV 17 on Gas Chrom Q 
(Supelco Inc. Bellefonte, PA, USA) in a PYE Unicam PU 4500 gas chromatograph. 
Internal standard in the assays was 2-(2.4-dichloro-phenyl-imino) imidazol ine. 
The limit of determination was 1 ng of clonidine in a 3 ml sample. The appa- 
rent disappearance half-lives in the CSF were calculated from the slope of the 
concentration: time curves plotted on lin-log scale. 

RESULTS 
Epidural administration of clonidine yields high concentrations of cloni- 

dine in the CSF after 20 min, 129524 ng/ml (mean i S . D . ) .  Thereafter, t h e  CSF 

concentrations decreased with an apparent elimination half-life of 26-8.2 
(mean 2 S.D.). The plasma concentrations after epidural clonidine were at all 
points of measurement below 1 ng/ml, i.e. below the limit o f  detection of the 
analytical procedure. Thus, the concentration ratio CSF/plasma of clonidine 
was > 1OO:l after 20 and 40 min following epidural administration (Table 1). 

+ 

Table 1 

CSF AND PLASMA CONCENTRATIONS OF CLONIDINE (nglml) 

a f t e r  epidural ,  intravenous and intramuscular administration to  pigs. 

/Dose and P i g  CSF concentrations Apparent ha l f -  Plasma concentrations 
,admi n i s t r a t i  on No. nglml l i f e  (min) i n  ngjml 

route 20 40 60 80 min CSF 20 40 60 80 n i n  

Epidural clonidine 1 100 97 66 45 35 n o t  d e t e c t a b l e  

3 g l k g  b.w. 2 139 133 83 52 30 

3 156 85 38 19 17 

4 124 - 40 21 21 

2 2 1  I.v. clonidine 5 n o t  d e t e c t a b l e  1 

3 g/kg b.w. 6 ” n o t  d e t e c t a b l e  

1.m. clonidine 7 n o t  d e t e c t a b l e  2 

,3 g/kg b.w. 

1 2 1  
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A f t e r  i n t ravenous  and i n t r a m u s c u l a r  a d m i n i s t r a t i o n  o f  t h e  same dose o f  c l o -  

n i d i n e ,  t h e  CSF l e v e l s  were below 1 ng/ml a t  a l l  t imes.  The plasma concentra-  

t i o n s  a f t e r  i . v .  o r  i . m .  c l o n i d i n e  were a l s o  v e r y  low, o n l y  s l i g h t l y  above t h e  

d e t e c t i o n  l i m i t .  The maximum plasma c o n c e n t r a t i o n s  were 2 ng/ml (Tab le  1 ) .  

D I S C U S S I O N  

These f i n d i n g s  suppor t  t h e  p o s s i b i l i t y  t h a t  t h e  ana lges i c  e f f e c t  o f  e p i -  

d u r a l  c l o n i d i n e  r e s u l t s  f r o m  i t s  p e n e t r a t i o n  o f  t h e  dura mater i n t o  t h e  CSF 

and t h e  s p i n a l  cord.  A l though  t h e  number o f  an imals  i n  each group was smal l ,  

t h e  r e s u l t s  a re  c o n c l u s i v e  concern ing  t h e  dura mater passage o f  c l o n i d i n e ,  and 

showed t h a t  much h i g h e r  c l o n i d i n e  c o n c e n t r a t i o n s  were reached i n  t h e  CSF com- 

pared t o  plasma a f t e r  e p i d u r a l  a d m i n i s t r a t i o n .  

However, t h e  a v a i l a b i l i t y  o f  e p i d u r a l  p e t h i d i n e  and morphine t o  t h e  CSF i n  

man i s  o n l y  1-2 % o f  a t o t a l  e p i d u r a l  dose (9,14) .  The c o n c e n t r a t i o n  r a t i o s  

CSF/plasma i n  man 15 and 30 min a f t e r  e p i d u r a l  a d m i n i s t r a t i o n  o f  morphine o r  

p e t h i d i n e  were 28/1 and 80/1, and 85/1 and 150/1 r e s p e c t i v e l y  ( 1 4 ) .  Ana- 

l ogous ly ,  i n  s p i t e  o f  t h e  pronounced c l o n i d i n e  c o n c e n t r a t i o n  g r a d i e n t  CSF/ 

plasma, t h e  major  p a r t  o f  t h e  e p i d u r a l  dose o f  c l o n i d i n e  does p r o b a b l y  n o t  

p e n e t r a t e  t h e  dura mater .  I ns tead ,  due t o  i t s  l i p o p h i l i c  c h a r a c t e r  t h e  major  

f r a c t i o n  can be assumed t o  reach  t h e  systemic b lood  c i r c u l a t i o n  a t  a h i g h  

r a t e .  

A CSF t r a n s p o r t  o f  c l o n i d i n e  t o  sup rasp ina l  c e n t e r s  m igh t  a l s o  c o n t r i b u t e  

t o  i t s  ana lges i c  e f f e c t ,  b u t  o b v i o u s l y  t h i s  r a t e  and t h e  f r a c t i o n  o f  t h e  e p i -  

d u r a l  dose rema in ing  f o r  t r a n s p o r t  i s  low (9,14) .  

A lso,  t h e  t h e o r e t i c a l  p o s s i b i l i t y  t h a t  e p i d u r a l  c l o n i d i n e  i s  t r a n s p o r t e d  

by  t h e  systemic b lood  c i r c u l a t i o n  t o  sup rasp ina l  p a r t s  o f  t h e  CNS t o  produce 

analges ia,  i s  n o t  suppor ted by  t h e  r e s u l t s  o f  t h i s  exper iment  as t h e  plasma 

c o n c e n t r a t i o n s  were a t  a l l  t imes  low. 

I t  shou ld  a l s o  be p o i n t e d  o u t  t h a t  t h e  apparent h a l f - l i v e s  o f  disappearance 

do n o t  r e f l e c t  a t r u e  e l i m i n a t i o n  f r o m  t h e  CSF b u t  r a t h e r  a d i s t r i b u t i o n  w i t h  

t h e  CSF b u l k  f l o w  i n  e a r l y  d i s t r i b u t i o n  phase. 

r i s e  t o  a marked c o n c e n t r a t i o n  d i f f e r e n c e  between CSF and plasma o f  more than  

100/1 w i t h i n  t h e  f i r s t  hour. The same dose g i ven  i n t r a v e n o u s l y  produces v e r y  

low c o n c e n t r a t i o n s  i n  b o t h  CSF and plasma. 

I n  conclus ion,  e p i d u r a l  c l o n i d i n e  r e a d i l y  pene t ra tes  t h e  dura mater, g i v i n g  
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