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MALIN, D. H., A. G. HEMPEL, R. J. EXLEY AND S. ADDINGTON. ('lonidim" reverses the behavioral and respiratoo' 
<[l~'cts ~l" contint,ms mdo.vone ip~/hsion. PHARMACOL BIOCHEM BEHAV 25(5) 989-993, 1986.--Opiate naive rats 
received 24 hours of continuous subcutaneous infusion of 0.67 mg/kg/hr naloxone via osmotic minipump. As in previous 
studies, this induced an opiate-abstinence-like syndrome of significantly increased oxygen consumption and behavioral 
signs (wet-dog shakes, abdominal writhes, etc.). Clonidine, which selectively reduces central noradrenergic activity, has 
been shown to reverse opiate abstinence syndrome. Subcutaneous injection of 0.033 and 0.01 mg/kg clonidine totally 
reversed the abstinence-like behaviors and respiratory activity induced by naloxone infusion. This constitutes an additional 
point of similarity between opiate abstinence syndrome and the "'endorphin blockade syndrome" or withdrawal from 
endogenous opioids resulting from chronic naloxone treatment. It is consistent with the hypothesis that hyperactivity of 
central noradrenergic mechanisms may contribute to both phenomena. 

Clonidine Naloxone Opiate antagonists Endorphins Opiate abstinence syndrome Respiration 
Adrenergic receptors 

U N L I K E  acute naloxone administrat ion,  chronic  naloxone 
injections 114] or cont inuous  naloxone infusion [15] induce 
an opiate-abst inence-l ike syndrome in the rat. Such typical 
abst inence signs as wet-dog shakes and abdominal  wri thes 
are noted,  along with respiratory hyperact ivi ty  and fifilure to 
gain weight.  As with actual opiate abst inence syndrome,  
these symptoms are reversible  by low doses  of  morphine 
[14]. 

These  resuhs  raise the quest ion,  to what extent  does the 
" 'endorphin  blockade s y n d r o m e "  induced by chronic  
endorphin  receptor  blockade share the same underlying 
biochemical  mechanisms  as opiate abst inence syndrome'? 
One important  mechanism underlying abst inence syndrome 
appears  to be hyperact ivi ty  of  brain noradrenergic  act ivi ty 
121,27]. Opiate dependent  animals exhibit  increased firing 
rates of  noradrenergic  locus coeruleus  neurons  [1]. 
Likewise,  there is increased norepinephrine tu rnover  in 
brain tissue of  opiate dependent  rats and monkeys  [5, 16, 22]. 
Consis tent  with this are the e levated levels  of  the norepi- 
nephrine metabol i te  M H P G  detected in brain and plasma of  
opiate abstinent monkey  [22] and in plasma of opiate absti- 
nent human addict  [41. 

The alpha-2 adrenergic  agonist  clonidine potent ly and 
select ively reduces central  noradrenergic  act ivi ty {3,23]. 
DiStefano and Brown [6l report  that clonidine reverses  the 

increased tyrosine hydroxylase  act ivi ty and adrenal epi- 
nephrine secretion that accompany  opiate abst inence.  
CIonidine potently reverses  opiate abst inence signs in de- 
pendent  rats [1, 2, 8, 11, 20, 24, 251. Clonidine has also 
proved useful to t  reversing withdrawal  symptoms  in human 
heroin addicts [13, 14, 261. It was therefore of  interest  to 
de termine  whether  clonidine would likewise reverse  the 
abst inence-l ike signs induced by cont inuous  endorphin 
blockade.  Doses of  0.033 and 0.01 mg/kg were chosen tbr 
study since they cor responded  respect ively to the middle 
and lower  ranges of  the doses  administered to opiate absti- 
nent rats by Fielding e t a / .  {11] and Meyer  and Sparber  1201. 

EXPERIMENT I 

Method  

Subjects  were  twenty male Sprague-Dawley rats weighing 
an average of  135 g with a range of  120-150 g. Throughout  
the exper iment ,  all rats were maintained on ad lib food and 
water  and on a twelve hour light and dark cycle.  All rats 
were habituated to an oxygen  consumpt ion  chamber  once a 
day tor tbur consecut ive  days.  Ten rats were subcutaneously  
implanted with two Alzet  2001 osmotic  minipumps filled with 
50 mg/ml naloxone in saline. These  rats were  cont inuously 
infused with 0.67 mg/kg/hour naloxone.  Ten o ther  rats were 
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FIG. 1. Overall abstinence-like signs in 10 rats infused for 28 hours 
with 0.67 mg/kg/hr naloxone and in 10 rats infused with saline alone. 
Half of each group was retested after injection of saline SC, and the 
other half was retested after injection of 0.033 mg/kg clonidine SC 
(***p<0.001 compared with saline group: **p<0.01 compared with 
all other retested groups). Naloxone infused: (O) pre-injection: (A) 
post 0.033 mg/kg clonidine SC: {I)  post saline SC. Saline infused: 
(©) pre-injection; (&) post 0.033 mg/kg clonidine SC; (E,) post saline 
SC. 
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FIG. 2. Oxygen consumption as percentage change from pre- 
experiment baseline in 10 rats infused for 28 hours with 0.67 
mg/kg/hr naloxone and in 10 rats infused with saline alone. Half of 
each group was then retested after injection of saline SC, and half 
was retested alter injection of 0.033 mg/kg clonidine SC (***p<0.001 
compared with saline-infused group:p<0.05 compared with all other 
retested groupsl. Naloxone and saline infused same as in Fig. I. 

imp lan ted  wi th  osmot ic  m i n i p u m p s  filled wi th  sal ine alone.  
Pr ior  to p u m p  implan ta t ion ,  each  rat  was  t es ted  for 

base l ine  oxygen  c o n s u m p t i o n  rate  by the  m e t h o d  desc r ibed  
by Mal in  et al. [18]. U n r e s t r a i n e d  rats  were  p laced in an 
oxygen -cha rged  soda- l ime c h a m b e r .  A water-f i l led m a n o m e -  
ter  ind ica ted  the a m o u n t  of  oxygen  c o n s u m e d  dur ing  a 2.5 
minu te  test ,  

At  28 hours  a l t e r  p u m p  implan ta t ion  ( co r r e s pond ing  to 24 
hou r s  of  full-rate infusion) ,  all ra ts  were  o b s e r v e d  for  
m o r p h i n e - a b s t i n e n c e - l i k e  b e h a v i o r s  in a c lea r  plast ic  open  
field wi th  a grid floor.  Dur ing a 15 minu te  test ,  t hese  symp- 
toms  were  scored  on  a s t andard  checkl i s t  accord ing  to the 
cr i te r ia  of  Gianu t sos ,  D r a w b a u g h ,  H y n e s  and  Lal [12]. 
S y m p t o m s  inc luded wet -dog  shakes ,  head  shakes ,  abdomi-  
nal wr i thes  and  hind foot  sc ra tches .  Fo r  pu rpose  of  s tat is t ical  
ana lys i s ,  p tos is ,  t ee th  gr inding,  dyspnea ,  aggress ion  and 
semina l  e jacula t ion  were  g rouped  u n d e r  the ca tegory  of  
" o t h e r  s y m p t o m s . "  The  f r equenc ie s  of  all of  the  above  
s y m p t o m s  were  s u m m e d  for  e ach  rat  to  d e t e r m i n e  the 
" 'overa l l  s y m p t o m s "  score  tow that  animal .  Fo l lowing  the  
o b s e r v a t i o n s ,  each  rat was  re tes ted  for  oxygen  c o n s u m p t i o n  
rate.  

Ha l f  of  the sa l ine- infused  and hal f  of  the na lgxone - in fused  

rats  were  t hen  in jected subcu t aneous ly  with 0.033 mg/kg 
c lonid ine .  The  remain ing  rats  in each  group were  injected 
wi th  an equ iva len t  vo lume of  saline alone.  Fi f teen minu tes  
a f te r  in jec t ions ,  the behav io ra l  o b s e r v a t i o n s  and oxygen 
c o n s u m p t i o n  m e a s u r e m e n t s  were  repea ted  for  all rats.  

Results  

After  28 hours  of  infusion,  the  na loxone- in fused  rats  had 
s ignif icant ly  h igher  overal l  abs t inence- l ike  behav io ra l  signs 
than  the sa l ine- infused  con t ro l s ,  t ( 1 8 ) - 4 . 5 4 ,  p < 0 . 0 0 1 .  As 
s h o w n  in Fig. 1, the na loxone  group ave raged  13 .2 -2 .5  signs 
( m e a n + S E M ) ,  while  the saline group averaged  1.8_+0.3 
signs.  Wet -dog  shakes ,  abdomina l  wr i thes ,  head  shakes  and 
sc ra t ches  were  all s ignif icant ly  e l eva ted  in the na loxone  
group.  Fol lowing s u b c u t a n e o u s  in ject ions ,  the na loxone-  
infused rats  in jected wi th  saline averaged  11.2+0.6  signs, 
while  the na loxone- in fused  group  injected with c lonidine  
d i sp layed  no signs. The  sa l ine- infused rats  in jected with 
sal ine ave raged  2.0_+0.7 signs,  while the sa l ine- infused rats  
in jected wi th  c lonid ine  ave raged  0 .2+0.1 signs. Two-way  
A N O V A  of  the pos t - in jec t ion  data  revea led  a s ignif icant  in- 
fusion effect  (na loxone  vs. saline),  F( 1,16)=54.7,  p < 0 . 0 1 ,  a 
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FIG. 3. Overall abstinence-like signs, before and after 0,01 mg/kg 
clonidine SC, in 5 rats infused tor 28 hours with 0.67 mg/kg/hr 
naloxone and in 5 rats infused with saline alone (**p<0.01 compared 
with all other groups). Naloxone infused: (O) pre-injection; (A) post 
0.01 mg/kg clonidine SC. Saline infused: (©) pre-injection; (A) post 
0.01 mg/kg clonidine SC. 

40 .  

~w 30- 

20- 

f~ 

u') 

~ o 

cn - I 0  

-2C 
PRE-CLONIDINE POST-CLONIDINE 

FIG. 4. Oxygen consumption as percentage change from pre- 
experimental baseline, before and after 0.01 mg/kg ctonidine SC, in 5 
rats infused for 52 hours with 0.67 mg/kg/hr naloxone and in 5 rats 
infused with saline alone (*p<0.05 compared with all other groups), 
Naloxone and saline infused same as in Fig. 3. 

significant injection effect (clonidine vs. saline), 
F(I, 16)-114.2, p<0.01,  and a significant interaction effect 
(infusion × injection), F(1,16)-59.7, p<0.01, 

Dunnett 's  procedure [12] for comparing a single group 
post hoc with several other groups showed that the group 
infused with naloxone and injected with saline only had sig- 
nificantly more abstinence-like signs than any of the other 
three groups, 17<0,01. 

After 28 hours of infusion, the naloxone-infused group 
showed a significantly greater increase above baseline oxy- 
gen consumption than the saline-infused controls, 
t( 18)=4.44,p<0.001. As shown in Fig, 2, the naloxone group 
increased 49.0_+ 2.3% above baseline, while the saline group 
increased only 3.6_+1.1c~. Following subcutaneous injec- 
tions, the naloxone-infused rats injected with saline still had 
oxygen consumption elevated 40.0_+6.4% above baseline, 
while the naloxone-infused rats injected with clonidine fell to 
9.2+ 14.2% below baseline. Saline-infused rats injected with 
saline averaged 12,0_+3.2% above baseline, while saline rats 
injected with clonidine averaged 19.5_+3.6c~ below baseline. 
Two-way ANOVA of the post-injection data revealed signif- 
icant effects of infusion (naloxone vs. saline), F(1,16)=6.84, 
p<0.05,  and of injection (clonidine vs. saline), F( 1,16)=30.9, 
p<0.01. The interaction effect was not significant, 
F(1,16)= 1,7, NS. 

Dunnett 's procedure showed that the rats infused with 

naloxone and injected with saline only had significantly 
higher oxygen consumption than any of  the other three 
groups, p<0.05, 

E X P E R I M E N T  2 

Method 

This experiment tested the effects of a lower dose of 
clonidine, The same methods were employed as in Experi- 
ment 1, with the following exceptions. The subjects were ten 
male Sprague-Dawley rats with a mean weight of 160 g. Five 
rats were infused with 0.67 mg/kg/hr naloxone in normal 
saline, while five were infused with normal saline alone. At 
28 hours after pump implantation, each rat was observed for 
abstinence-like behavioral signs for 15 minutes, was then 
injected subcutaneously with 0.01 mg/kg clonidine, and was 
retested at 15 minutes post-injection. (No rats were retested 
after saline injection, since that would be redundant with 
saline-retest groups in Experiment 1.) Alter 28 and 52 hours 
of infusion, each rat was tested for oxygen consumption for 
2.5 minutes. After the 52 hour test, when the naloxone- 
infused rats reached a significant elevation over pre- 
experiment baseline, each rat was injected with 0.01 mg/kg 
clonidine, and was retested for oxygen consumption 30 
minutes post-injection. 
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R e s u l t s  

As shown in Fig. 3, the naloxone- infused rats averaged 
15.4_+3.4 abst inence-l ike signs before  clonidine and only 
3.4_+1.1 signs after  clonidine.  The saline-infused rats aver- 
aged 4.6_+ 1.1 signs before clonidine and 1.0___0.8 signs after 
clonidine.  Analys is  of  var iance  with one repeated measures  
variable indicated a significant infusion effect  (naloxone vs. 
saline), F( I ,8 ) -14 .9 ,  p<0 .01 ,  as well as a significant injec- 
tion effect  (clonidine vs. saline), F( 1,8)=43.0, p<0 .01 .  There  
was also a significant interact ion effect (infusion × injec- 
tion), F(1,8)= 12.5, p<0 .01 .  

Dunnet t ' s  p rocedure  indicated that there were  signifi- 
cantly more abst inence-l ike signs in the naloxone-infused 
rats prior to clonidine than in any of  the o ther  three condi- 
t ions, p<0 .01 .  

As shown in Fig. 4, the naloxone-infused rats increased 
their  oxygen  consumpt ion  to 25.5-+3.5% above  baseline,  but 
fell to 13.2_+6.4% below baseline after injection of  0.01 mg/kg 
clonidine.  The saline-infused rats averaged only 6.0-+3.6% 
above baseline before clonidine and 3.2_+4.6vA above  
baseline after clonidine.  Analysis  of  var iance indicated a 
significant infusion effect  (naloxone vs. saline), F(1,8)=37.7,  
p<0 .01 ,  as well as a significant injection effect  (clonidine vs. 
saline), F(1,8)=38.7,  p<0 .01 .  There  was also a significant 
interact ion be tween  infusion and injection,  F(1 ,8) -32 .4 ,  
p<0 .01 .  

Dunnet t ' s  procedure  indicated that the oxygen consump-  
tion was significantly higher  in the naloxone-infused rats 
prior  to clonidine than in any of  the o ther  three condit ions,  
p<0 .05 .  

DISCUSSION 

It appears  that certain aspects  of  the opiate abst inence 

state can be elicited in opiate-free rats by endorphin receptor  
blockade.  For  example ,  Eisenberg  has shown that naloxone 
[7] or  nal t rexone [9] t rea tment  induces the sort of  plasma 
cor t icos te rone  response seen during opiate abst inence.  In 
the present  study, as in previous  studies from our laboratory 
[17,18], wet-dog shakes,  abdominal  writhes,  head shakes and 
scratches  were all significantly e levated in naloxone-infused 
rats. The present  results indicate that naloxone- induced 
endorphin blockade syndrome,  like the actual opiate absti- 
nence syndrome,  is reversible  by small doses of  clonidine. 
This is a further  point of  similarity be tween the two syn- 
dromes.  Clonidine is bel ieved to reverse  opiate abst inence 
signs by reversing a state of  noradrenergic  hyperact iv i ty  
[1,6]. The present  results suggest that chronic endorphin 
blockade in o therwise  normal organisms may induce a simi- 
lar state of  noradrenergic  hyperact ivi ty .  

Chronic  or  cont inuous,  but not acute,  endorphin receptor  
blockade gradually induces behavioral  irritability and in- 
creased metabol ism [17,18]. Such changes appear  to be to- 
tally reversible  by reduct ion of  central  noradrenergic  activ- 
ity. These  findings suggest the possibili ty that ongoing 
endorphin secret ion maintains behavioral  and physiological  
stability through long-term control  ove r  neurot ransmit ter  
sys tems,  especial ly the noradrenergic  system. 

This hypothesis  suggests that rebound hyperact iv i ty  of  
the same central  noradrenergic  mechanisms suppressed by 
clonidine might be expec ted  to result in an opiate- 
abst inence-l ike phenomenon .  In fact, an opiate-abst inence-  
like behavioral  and respiratory syndrome does result follow- 
ing ei ther  abrupt  [10] or  yohimbine-precipi ta ted [19] with- 
drawal from cont inuous subcutaneous  clonidine infusion. 
The abst inence-l ike signs are reversible  by both clonidine 
i tself  and morphine  [10]. 
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