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PONTANI, R B AND A L MISRA A Iong-actmg buprenorphme deliver) ~ystem PHARMACOL BIOCHEM BEHAV 
18(3) 471-474, 1983--A subcutaneously tmplantable buprenorphlne delivery system utihzmg cholesterol-glyceryltnstearate 
matrix for prolonged release of drug IS described Implantable cyhndncal pellets of buprenorphme (cholesterol 36 rag, 
glyceryltnstearate 4 rag, buprenorphme hydrochlorlde 10 rag), dmmeter 3 mm, length 6 mm blocked the antlnoctceptlve 
action (hot plate, 55°C) of 10 mg kg -1 SC challenge dose of morphine m rats for 12 weeks or more (longer periods not 
evaluated) The cumulative percent release of buprenorphme from the test devices 2, 4, 6, 10 and 12 weeks after implanta- 
tion was 27 4, 35 9, 37 6, 39 9 and 43 1, respectively The release of buprenorphme from 10 mg pellets approximated 
first-order kinetics with half-hves of 0 85 and 50 24 weeks, for c~ and/3 phases, respectively The test dewces possess the 
desirable characteristics of stmphclty, blocompat~blhty, nontoxloty, ease of sterdlzat~on with ethylene oxide, small size for 
ease of insertion and removal, minimal encapsulation by surrounding tissue and an extended period of drug release 
unaffected by body metabolism No side effects were seen In implanted rats which fed well and gamed weight during entire 
treatment Neither deterioration of ~mplant nor any gross anatomic changes at implant site were apparent 12 weeks after 
pellet lmplantatmn 

Buprenorphme hydrochlonde Long-acting dehvery system 
In ~t~o release m rats Response latency on hot plate 

Subcutaneous cylindrical implant 

BUPRENORPHINE,  an orlpavlne denvatwe is a potent 
opiate partial agomst/antagonlst with a long-lasting analgesic 
action and little chnlcally significant physical dependence 
hablhty or serious toxicity [2, 3, 4, 8, 9, 20] It is 25 to 40 
tunes more potent than morphine m mouse writhing or rat tall 
pressure test after subcutaneous or intraperltoneal injections 
[3] The systemic bioavallablhty of buprenorphlne in rats 
after single 0 2 mg kg -1 doses by lntraartenal, intravenous, 
intrarectal, intrahepatoportal, subhngual or Intraduodenal 
routes of  administration have been shown to be 100, 98, 54, 
49, 13 and 9 7%, respectively (1) Buprenorphme IS self- 
administered by primates [12] and may be more effective 
than methadone in suppressing heroin self-adminlstraUon in 
the rhesus monkey [13] In human subjects, the analgesic 
potency of buprenorphme is 25 to 30 and 15 5 times that of  
morphine after intramuscular and subhngual administration, 
respectively, and duration of action equivalent to that of 
morphine, about 6 hr [7, 8, 10, 19] Chronically administered 
in a single daily dose of 8 mg, buprenorphlne produces 
morphine-like subjective effects and euphoria equivalent to 
that produced by 30 mg of morphine administered sub- 
cutaneously four times daffy or a single daily oral dose of 
methadone in the range of 40 to 60 mg [8] Buprenorphine In 

1Requests for reprints should be addressed to Dr A L Masra, New 
Hanson Place, Brooklyn, NY 11217 

8 mg daily doses significantly suppressed heroin intake (21 to 
40 5 mg per day intravenously) over  10 days by heroin 
addicts [11] in comparison to placebo controls It is also an 
effective antagonist for high doses of morphine m rodents [5] 
and In man 8 mg daily doses blocked the subjective and 
mlotlc effects of high doses of  morphine (60-120 mg/day) for 
up to 29 5 hrs [8] It is equivalent to naltrexone m potency 
and duration of  opiate blockade [81 Because of  these prop- 
ertles, low abuse potential and minimal possibility of over- 
dose, buprenorphme possesses distinct advantages over 
methadone or naltrexone as a safe and highly effective 
pharmacotherapeutic agent for the treatment of opiate de- 
pendence 

It is felt that a long-acting buprenorphlne delivery system 
wdl have greater potential for chnlcal usefulness and pre- 
vention of relapse to opiate-seeking behavior In addition 
such a system will eliminate the needs for chnlc visits In 
opiate-dependent individuals without reducing the protec- 
tion against self-admmlstered opiates and reduce the em- 
phasis on medication and refocus it on rehabilitation aspects 

Utilizing methods developed in our laboratory for a long- 
acting naltrexone delivery system [14-16], we report here the 
development of a subcutaneously implantable buprenorphme 
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T A B L E  I 

RESPONSE LATENCIES* ASSESSED ON HOT-PLATE OF RATS IMPLANTED SUBCUTANEOUSLY WITH 10 mg 
BUPRENORPHINE AND PLACEBO PELLETS FOR VARIOUS PERIODS BEFORE AND AFTER THE CHALLENGE DOSE 

(10 mg kg, ~ SC) OF MORPHINE 

Treatment and Test Conditions (hr) 
Weeks Before 05  

React,on tlme~ after morphine ln lectlon 

I 2 

2 ~7 + 0 5  5 I _+ 05~ 6 ~ , + 0 6  ~ 4 2 - + 0 1  4~' + 0 3  Buprenorphme- 
pelleted animals 

6 4 3 + 0 4  52  + 0 9  4 0 + 0 ' ;  ~ ; 2 + 0 8  4 6 - + 0 4  
9 :~ 1 ~ 0 1 4 8 + 0 9  5 0  +-1) 5- 4 9 +  06~- 3 7 + 0 4  

12 6 3  + 16 6 8 +  I 2 5 6 + - 0 4  4 8 +  I I 45  -+ 0 9  
7 days after 12 wk 4 2 14 0 15 8 10 8 6 0 

pellet removals 

Placebo-pelleted 2 :~ 7 + 0 zl 18 4 _+ 4 95 23 2 _+ 4 95 24 5 + 5 6-- 5 9 + I 2 

ammals 
6 4 5 + 0 6  1 6 6 + 2 9 ~  165+-20- -  13s + 2 0 :  5 0 + 0 7  

*Results are expressed as mean-+SEM (sec) from 5 rats in each time group The temperature of the hot plate was 
55°C and the criterion of the reaction of the rat was hckmg of one paw or intensive jerking with l,ftlng off or jumping 
of hind legs The test was terminated if response latency exceeded 30 sec (cut-off time) 

(Values represent mean of response latencms for 2 ammals only other animals were sacrificed for the analysis of 
drug m brain 

SDenotes sign,fieant difference at p - ' 0  05 from that before morphine reject,on 

dehve ry  sys tem which  can  b lock  the  an t inoc lcep t ive  effects  
o f  chal lenge doses  o f  morph ine  m rats  for  12 weeks  or  more  

METHOD 

B u p r e n o r p h m e  hydroch lo r lde  was p rov ided  by 
N o r w i c h - E a t o n  Pha rmaceu t i ca l  C o m p a n y ,  Norwich ,  NY,  
th rough  the  kind cour tesy  of  Dr  K e n n e t h  A n d e r s o n  Choles-  
terol  m p 146--149°C (J T Bake r  Chemica l  C o m p a n y ,  
Ph lhpsburgh ,  N J) and  glyceryl  m s t e a r a t e  m p 65-67°C (K 
K Labora to ry  Inc , P l a m w e w ,  NY)  were  c o m m e r c m l  sam- 
ples 

Preparat ion  ~ff B u p t e n o t p h m e  Pellets  

Choles te ro l  (360 rag), glyceryl  t r l s tea ra te  (40 rag) and 
b u p r e n o r p h m e  h y d r o c h l o n d e  (100 mg) were d isso lved  m 50 
ml ch lo roform and  15 ml abso lu te  e thanol  and  the c lear  solu- 
t ion e v a p o r a t e d  to d ryness  m i ac uo m a Ro ta  V a p o r  and the 
res idue fu r the r  drmd m ia t  uo overn igh t  The  thoroughly  
mixed p o w d e r  (50 mg) was c o m p r e s s e d  [14] to a c y h n d n c a l  
pellet,  d m m e t e r  3 m m ,  length 6 ram, surface  area  56 5 mm 2, 
vo lume 42 4 mm a m a C a r v e r  L a b o r a t o r y  Press  (Fred  Carve r  
Inc , Summit ,  N J) The individual  wmghts  of  pellets  were 
within the  hm~ts of  95c~ and 105% of  the  ave rage  50 mg 
weight  P lacebo  pel lets  were similarly p repa red  us ing choles-  
terol  and  glyceryl  t n s t e a r a t e  

A tilmtll E~pet lint'tit s 

C y h n d n c a l  pel lets  con ta imng  10 mg b u p r e n o r p h m e  hy- 
d r o c h l o n d e  and  p lacebo  pel lets  were implan ted  subcu tane -  
ous ly  m the  dorsa l  area  beh ind  the  r ight  h ind  h m b  of  nmve  
male  Wls ta r  rats  (150-200 g), p u s h e d  away  f rom incis ion and 
the  recision sutured  The  re sponse  latenc~es of  an imals  m the 
2 groups  were m e a s u r e d  by an e a r h e r  p rocedure  16] on a hot  
plate  (55°C) wi th  a cu t -of f  t ime of  30 sec before  morph ine  

inJection and 0 5, 1, 2 4 hr af ter  a 10 mg kg ~ SC inJection of  
morph ine  The  o b s e r v a t i o n s  were  made  manual ly  using a 
s topwa tch  The  cr i ter ion of  the reac t ion  o f  the  rat  was hcking  
of  one paw or  j ump ing  on hind legs The  usual  range of  
r e sponse  la tencies  o b s e r v e d  with our  naive  male  WIs tar  rats 
using the hot-pla te  t echn ique  was 3 0 to 4 5 sec The  dura t ion  
of  effect ive an tagon i sm of  analgesla  due to chal lenge doses  
of  morph ine  was t es ted  at 2, 6, 9, 12 weeks  af ter  implan ta t ion  
of  a single l0 mg b u p r e n o r p h l n e  pellet  i n = 5  in each  t ime 
group) Af ter  be ing  m place for 12 weeks ,  the  b u p r e n o r p h m e  
pellets  were  r e m o v e d  f rom the se lected group  of  rats and  the  
r e sponses  of  an imals  to chal lenge doses  of  morph ine  g iven  7 
days  af ter  pellet  r emova l  c o m p a r e d  with the p lacebo  group 

The  b u p r e n o r p h m e  pellets  were r e m o v e d  2, 4, 6, l0 and 
12 weeks  af ter  implanta t ion  from a n o t h e r  group of  rats 
(270-300 g) and the  amoun t  of  drug remain ing  m the r e m o v e d  
pellets  was de t e rmined  by shak ing  the  pel lets  m e ther  and 
repea ted  ex t rac t ion  of  the e the r  solut ion by 0 5 M HCI The  
a b s o r b a n c e  of the a o d  ex t rac t  was  measu red  U V  spec- 
t r o p h o t o m e t n c a l l y  at 285 nm against  a co r r e spond ing  refer- 
ence  s t andard  p repared  f rom the p lacebo  pellet  r emoved  
f rom the rat  at the same t~me as the expe r imen ta l  pellet  

RF SULTS 

Data  on the reac t ion  t imes oi p l acebo  and  bupre-  
norph ine -pe l l e t ed  ammals  cha l lenged  wi th  a i0 mg kg -1 SC 
dose  of  morph ine  a p p e a r  In Table  1 The  r e sponse  laten-  
cms to hot -pla te  the,  real s t ,mulus  m the 2, 6, 9 weeks  
buprenorph ine -pe l l e t ed  an imals  and in the  p lacebo-pe l le ted  
group  before  m o r p h i n e  reject ion are within the normal  range 
for  our  naive a m m a l s  (3 0-4  5 sec) The  co r r e spond ing  mean  
response  la tency and  s tandard  e r ro r  m the 12 weeks  group 
before  morph ine  inJection a l though  s o m e w h a t  higher ,  was 
not  s ignif icant ly different  f rom the values  m o ther  groups  
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FIG 1 Semi-logarithmic plot of percent dose remaining m 10 mg 
cyhndncal buprenorphme pellets at various times after SC ~mplan- 
tatlon In rats Data represent mean values {n=2) at each t~me from 
animals each implanted SC with a single 10 mg pellet 

The response latencles In 6 and 12 weeks buprenorphlne- 
pelleted animals at 0 5 to 4 hr were not significantly different 
from the reaction time before morphine injection by corre- 
lated t-test Seven days after the removal of buprenorphme 
pellets, the reaction times observed between 0 5 to 4 hr after 
the morphine dose were not significantly different from those 
in 6 weeks placebo-pelleted animals The results showed that 
the delivery system produced effective blockade of analgesia 
of the challenge doses of morphine in test animals for 12 
weeks or more (longer periods were not tested in this study) 

Analyses of buprenorphlne pellets removed 2, 4, 6, l0 and 
12 weeks after implantation showed that the cumulative per- 
cent release of drug from the test devices was 27 4, 35 9, 
37 6, 39 9, 43 1%, respectwely durmg these periods (Fig l) 
The release of drug from pellets approximated first-order 
kinetics with tV2 values of 0 85 and 50 24 weeks for ~ and fl 
phase, respectively The data could be fitted to the equation 
2 303 log (Y)=4 218-0 0138 X where ordinate Y= 100- %  
drug released) The rate constant for drug release from pel- 
lets was 1 37% week -~ for the/3-phase corresponding to ap- 
proximately 3-4/xg kg ~ hr -~ between 2 to 12 weeks Hence 
the l0 mg pellet gave a satisfactory release of buprenorphine 
for an extended period of time and the release was unaf- 
fected by body metabolism 

No deterioration of the pellet Implant nor any gross 
anatomic changes occurred at the site of implant 12 weeks 
after implantation Aside from some mild behavioral seda- 
tion during the initial 4 days after implantation, no side ef- 
fects were seen in rats which fed well and gained weight like 
control rat~ dunng the ent,re course of implantation Mini- 
mal encapsulation by surrounding tissue was observed at the 
implant site 

DISCUSS|ON 

Chronic buprenorphlne (0 5 mg kg-L SC twice daily) 
administration for 4 days in rats has been reported to antag- 

onize morphine antlnociceptlon and higher doses (10 mg 
kg -~, SC) injected 45 mm before morphme completely 
blocked the antinoclceptive effects of doses of morphine as 
high as 800 mg kg -1 given subcutaneously [4,5] Buprenor- 
phlne (8 mg day -1, SC) blocked the subjective and mlOtlC 
effects of high doses of morphine (60-120 mg day -1) for up to 
29 5 hr in human subjects [8] The same dose of buprenor- 
phlne (8 mg day ~)provlded slgmficant suppression of heroin 
(21-40 5 mg day -1, IV) self-administration over l0 days in 
heroin addicts ]l 1] Considerably higher doses of buprenor- 
phtne (0 4 to 0 8 mg kg -~ day -i) however, were required to 
suppress opmte self-administration in the rhesus monkey 
[12,13] These buprenorphlne doses in human subjects and 
pnmates roughly correspond to 4 6 and 17-34/xg kg -~ hr -~ 
respectively The rate of drug release from our pellets between 
2 to 12 weeks corresponds to approximately 3-4/zg kg -1 hr -1 
and implantation of more than one pellet could provide pro- 
portlonately greater release of drug The rapid release during 
the first and second week of Implantation amounting to ap- 
proximately 54 and 24/xg kg -1 hr -~, respectively was due to 
the diffusion of drug localized on the external surface of the 
pellet The continuous infusion of drug m v t v o  and its very 
slow dissociation from the receptor sites in the central nerv- 
ous system possibly accounts for the prolonged blockade of 
antl-nOclceptlve effects of challenge doses of morphine 

Recent m v : t r o  studies [18] have shown that at physiolog- 
ical temperature [3H] buprenorphlne labeled approximately 
I0 times more of the high affinity binding sites in central 
nervous system and 2 times the total number of sites than 
dihydromorphlne or naloxone Neither opiates (naloxone, 
morphine) nor endogenous opiate peptldes (fl-endorphln, 
met 5- or leu~-enkephahn) showed high affimty for CNS recep- 
tors labeled by [3H] buprenorphme [18] The bmdlng of bu- 
prenorphlne with great affinity to a larger number of opiate 
receptors possibly accounts for its greater analgesic potency 
as compared to morphine [18] The very slow rate of dis- 
SOClatlon of buprenorphme from the opiate receptors ac- 
counts for the long duration of its action, almost twice that of 
methadone [3,4], and little clinically significant physical de- 
pendence [8] Because of its partial agonlst properties at low 
dosages, the buprenorphlne-pelleted animals become 
tolerant to buprenorphlne and show cross-tolerance to mor- 
phine and other narcotics As a competitive antagonist, bu- 
prenorphlne blocks the narcotic effects of morphine in bu- 
prenorphlne-pelleted rats This balance of high agonist and 
antagonist activity of buprenorphlne depending on dosages 
produces a blphaslc bell-shaped dose-response curve for 
antinoclceptlon in rats [4.17] and accounts for ItS low physi- 
cal dependence liability In our buprenorphlne-pelleted 
animals, naloxone {5 mg kg -1 SC) did not precipitate any 
withdrawal symptoms 

This study estabhshes the feaslblhty of using 
cholesterol-glyceryl-tnstearate matrix for the slow release of 
buprenorphlne Cholesterol provided a simple bamer  effect 
on the diffusion of drug Because of its very low solubility 
(20-25 /zg ml ') in M/15 phosphate buffer pH 7 4 at 37°C, 
buprenorphlne hydrochlonde (instead of its base) could be 
used for the preparation of pellets The SC lmplantable bup- 
renorphlne dehvery system described here possesses the ad- 
vantages of simplicity, nontoxlclty, non-lrrltablhty, ease of 
sterilization with ethylene oxzde and small size for ease of 
insertion and removal The factors affecting the release of 
drugs from similar long-acting test devices [16] were the sol- 
ublhty of drug, the ratio of content of cholesterol to the 
incorporated drug, drug loading level and surface area to unit 
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volume o f  the dosage  form Larger  s,ze pellets (dmmeter  13 
mm. length 16 ram) with a much  h~gher drug con ten t  (650 mg) 
could easdy be prepared  for fur ther  s tu&es  m pr imates  and 
these  are current ly  being planned 
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