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Presently treatments of opioid addiction not only use
opioids (e.g., buprenorphine) but also combine with
tricyclic antidepressants (TCAs, a psychosis drug) as
adjuvants to enhance the effect of the main medicine
and reduce the withdrawal symptoms.

This study is design to explore the efficacy and
mechanism of buprenorphine and TCAs combination with
the application of reducing morphine withdrawal
symptoms in drug discovery. We studied the
pharmacodynamic interactions of the combination of
buprenorphine and TCAs including different binding
receptors and metabolic enzymes in morphine
dependence mice.

Adult NRL mice were rendered physical dependence on
morphine by escalating daily doses of subcutaneous
morphine for 3 days and precipitated by a
subcutaneous naloxone to withdrawal jumping on day 4.
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Mice were assigned to receive different TCA mixtures
treatment one hour before naloxone precipitation. The
withdrawal jumps over the next 30 minutes after
naloxone were counted.

In the drug combination study, we found that
clomipramine could increase the potency of
buprenorphine but protriptyline could not.
Clomipramine and buprenorphine combination in the
treatment of physical dependence to morphine in mice
may produce a synergistic effect and protriptyline
and buprenorphine combination may produce an additive
effect.

tricyclic antidepressants ~ protriptyline »
buprenorphine ~ interaction
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Study the interaction between buprenorphine and tricyclic antidepressants with the

application of reducing morphine withdrawal symptoms in drug discovery
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Abstract

Presently treatments of opioid addiction not
only use opioids (e.g., buprenorphine) but also
combine with tricyclic antidepressants (TCAs,
a psychosis drug) as adjuvants to enhance the
effect of the main medicine and reduce the
withdrawal symptoms.

This study is design to explore the efficacy
and mechanism of buprenorphine and TCAs
combination with the application of reducing
morphine withdrawal symptoms in drug
discovery. We studied the pharmacodynamic
interactions of the  combination  of
buprenorphine and TCAs including different
binding receptors and metabolic enzymes in
morphine dependence mice.

Adult NRL mice were rendered physical
dependence on morphine by escalating daily
doses of subcutaneous morphine for 3 days and
precipitated by a subcutaneous naloxone to
withdrawal jumping on day 4. Mice were
assigned to receive different TCA mixtures
treatment one hour before naloxone
precipitation. The withdrawal jumps over the
next 30 minutes after naloxone were counted.

In the drug combination study, we found that
clomipramine could increase the potency of
buprenorphine but protriptyline could not.
Clomipramine and buprenorphine combination
in the treatment of physical dependence to
morphine in mice may produce a synergistic
effect and protriptyline and buprenorphine
combination may produce an additive effect.

Keywords: tricyclic antidepressants ~
protriptyline ~ buprenorphine -
interaction



FEPF
- N dd P

Lg%’:’\'ﬁ%ﬂwlr’%‘l ’ "#7 i® ,ﬁ'ﬁﬂ
FlpEAGEAE oA RO ’Z;ﬁ
&%ﬁ%%<a~%@ %mi %7
(1-2)> F]@ & %% vORTIA 0 B kR 4%
ﬂ%%ﬁ&gﬁ%’ﬁém§£?§@§%
Eoe& e B AE(34) o

AT 3 A & #£ 31 buprenorphine & & &
BBy R E Ll AR ER
TE% > o w| T g S A PO E gz B R
P~i®* > 4r clomipramine ¥ 3 v & ¥+ 9;]1;%

& desipramine ¥ # ‘v i 7 E 2 7 B 0 wIRA
Jiﬁ?*imﬁﬁﬁﬁ@‘ﬁﬂﬁ%?ﬁ
BRAOG-NE - 2 FFBFEFFHLEG 4
IE'fra:ﬁLrg o ;ﬁ;y%;}g Bl z i > o BANAR R
AER R e Pow e AL ARSI 0 R
* desipramine ¥ 14 *F L3 vﬂiv 22 o o Fgﬁ ¥
cocaine 2 ik RIR @c(cravmg)(8 9)» 75 ,, i
& * desipramine {r buprenorphine ** :I% S
Z_ 5K (10) 12 2 #£ 34 2 fv methadone & & #
* T2 23 %% (11) o A ¥ buprenorphine
fr= BB EL R &Y AR S
YTI G BATH ABFIT K EFFE N 247 0 ¥
Flz A EAL 2 5 oo R TS & A
PR »HAKEBERY AT T T » =
T #1B ¥ % fr buprenorphine 2 1p ¥+ 3| & { &
RN T AT 2B - B P E"P,“\
FonB e TR~ 24 R0 R AT 2 A
MG, (TLNEERBEY IRY 2 58

F] gt 2P 42 8 buprenorphine fr= iR
WaEm BB ER 7 S e 7o

!

Mg Epb o F o ea B Rk
5o FPAFT 2 Y- B pens PiEd A

TP HRA AN ZRRREET SR L
REE 2 @ @B 4o clomipramine 2 P450
1A2>2C19°2D6 %2 3A4 5 2 > @ desipramine
1 P450 2D6 % i 0 #£ » #£ 3¢ buprenorphine

TPtz RPE LR & 2507
* 5 7 f% buprenorphine fr & = TR ¥ #F £
B * 2 3% 2 4] > BPFEY LA B

buprenorphine z_ 3 & »t% > { ¥ BIL= FRin
bW 2 g;ﬁ‘p!,’}r B3N dE TS L
& if & * % buprenorphine R sgg e > jE o
ROURETRT EH 2 IR B

= fi& (4= * heroin, demerol, morphine, etc.)# 2
kAP F o M (EFORE > T /}5‘3&
%%%%g#?r@4£$$’%@ﬁﬁg
oK 2 /2 ? °

- e

L& -

= & ze o] B(ICR)%E £ 25-30 gm> FEf
AR F LA P o

240% TR B

AL RAPRFERRE2 ) R
(29x19x13 cm’)® > &4 2 k¥ U g d B3 >
FORFH & 2041 Co iR R 4] & 50510 % o
kBBt T AM~T PM » % 5 3= 350 1 it B
B&EEI TP EFFTHR o i sFLES
WY de +/—%13fi ?E’%ﬁv#"ﬁgéi
)2 kR

3.5

morphine v #2450 & & § 12 F
B A #F W% 1 R F 0 naloxone ~ TCAs
(protriptyline -~  clomipramine) P p
Sigma-Aldrich = @ (Missouri > % K ) -
buprenorphine f p Teva Czech Industries 2 &
(SR.O) > #73 #4275+ 0.9 % saline * >
WA kB AR AT LN
(subcutaneous) » £ F i &t ¥ Lo BA g
IO ILT DA e 2 AR 2 S
¥ % 3mlkg -

4.7 % ¢

- i
B e fi50

(1)35 3 of e R 12 47 1 2 6 4 50
SR AR SR 0 ) RE P RS 3 =
(9:00, 13:00, 17:00)4p fe | & v ezpl T 3 8¢ &
3305 - X ~F X2 FZA2ZHELY
%20-40 2 80 mgkgo m Fxw X % F 10
8> 7 £ T ;3 % naloxone 50 mg/kg 0 @ {3
230 A48 X AT 2 R ETE Lo F &
) R % - =X > - 3 &t naloxone 0 I
B30 A 4mis o Ei‘%‘ul L i oo

(2) & ¥7 F J& 2 3= i (assessment of
dependence) : -] 3= A T ;1% naloxone
6 0 ) B4R B aggp gbz&.;ﬁ o
(individual plexiglas observation cages) > i
AR RREF AR T 0 PR SR e s

TRT e

i 2 g e e RY i R 2



F—#* B (jumping) © BB 2 fr;
J Lz e PR o
2= E‘J%’cé’ﬁ:‘é - =x » AP 2s4F naloxone £ T
‘ sE B HA3 AN EpES o
TCAs ¥1>v3% 3 g e §Y (%
i 18 4 2 R
(D%ﬁfﬂéﬁfﬁmﬁﬁi*d‘jﬁwu
PR BEORPLS = X b g T3 b

o x5+ 9 B 4w 7»FF"3'?'J;L_L
buprenorphine ~ protriptyline
I 12 saline & ¥R e B
4 i T i1 5f naloxone 50 mg/kg 0 @ {$ L% 30
kgl BA A TR jumping 2 35 e A
Y1k B2 :FER AR oAk o

¥ = 3R > v isobologram ¥ 3
buprenorphine % protriptyline (&
clomipramine) .k 2 b 2. % 3 i *

(1) & H & buprenorphine 2. EDso(50 %
effective dose) : #-H — ZE 4 v 7 F & & 2
buprenorphine ~ protriptyline ~ clomipramine
AR 2 AR F (] BUEPE T i)W AR 4
=% MPE(maximal possible effect)®] > ¥ #
* PharmToolPro v1.1.27 (The McCary Group,
Inc.) +#7 H fib buprenorphine ~ protriptyline ~
clomipramine 2. EDs ©

2) & % ¥ ¥ 3  buprenorphine %
protriptyline(2¢ clomipramine)z. EDs : & P&
Fd2Z 2 hye A% F 9E SRS
e #| & 2 buprenorphine % protriptyline( &
clomipramine);® & Z 4 o & & 5 1/2 EDso 2
protriptyline(2¢ clomipramine)% 1/2 EDsy 2
buprenorphine © 1/4 EDsy 2. protriptyline( "
clomipramine)% 1/4 EDso 2. buprenorphine »
1/8 EDsy 2. protriptyline(z¢ clomipramine) *
1/8 EDsp 2. buprenorphine > I 123 & saline
ERE S 2 BAETE 23R Ak AT

Sl A S N U
PharmToolPro v1.1.27 (The McCary Group,
Inc.) & ¥ % F % # buprenorphine %
protriptyline(£¢ clomipramine)p¥ 2. EDs °

5.3 4 bt gy

FoRTE e ToE R A
s+ o Modified T-test # Fisher statistic #-# i¢
* 43T isobologram 4 172 & %k A B o F
005 EFRFLR o

~ clomipramine

4‘Bf%é(1o 2) %%

3
e
=R

12 isobologram 4 7 # 47 2. % 3 ¥ % 14|
PharmToolPro v1.1.27 (The McCary Group,
Inc.)3+ & 12 34 v 2% #7 ¥ 2. additive and
combination Dsg 4 % additive/combination
(Log dose) regression lines > 1 2] %]
desipramine( a clomipramine) 5
buprenorphine L AT o HE 2 A
B R4 AR E(9)%

[(EDsop of X or Y or Z in combination)/ (EDs
of X or Y or Z alone)][+ [(EDsy of
buprenorphine in combination)/ (EDsy of
buprenorphine alone)]

R - HIpES L EDo 2 1 f S
LR FHEE o AL THREEZEIT 1
Bl 47 0t A fE % H 2 (7% 45 5 additive
interaction ; % < ** 1 » P|] 5 antagonistic
interaction ; % -] ** 1 » P| 5 synergistic
interaction » 14 gt H| %] B fEE L F 2 2 T I
* o

N & e 24 A
E A

- Wi
LaEal

NP RBRFHRTE > L AP ET
2 R 0 L RS

5 - ix TCAs ¥ ehe i j i
HE 28 G 2 AT T

EAR AR U TE s S a iF L A
B2 RAET 0 Hjp2
protriptyline ~ clomipramine
buprenorphine {- protriptyline % & &
buprenorphine fr clomipramine ¥}3% 34 % F% =
ERY RIS AR T 2 k0 B oArE
BEF b RBES4coFig. 1 2 29757 o t+_
Fig. 1 ¥ & buprenorphine f= protriptyline & 4
LEEZ_ W R T =HI0 A 23 buprenorphine W AR
2. 3 > £ 3% buprenorphine §r protriptyline
W &2 ¢ > @ buprenorphine v protriptyline
EHGEZ VR FINs o g2 T
¥ > K @ = buprenorphine ¥ &z F 2 » F 3%
H Jb2_ buprenorphine §v protriptyline & 42 >
¥ & § buprenorphine {v protriptyline & & %
BEpat k2 BET 0 A2 7 2otk

Ry B4 RS |y iﬁ M2

¥
# ¥ buprenorphine ~

[P S-St



Bt h 2 IVAR PR T o A o2
2 % 4 Tab 1 Lr:r’T/fip'frﬁfﬁﬂf
buprenorphme AAPEH2ZLEELRQP >
0.05) - ig. 2 ¥ 5L buprenorphine §r

. Fi

clormpramlne LB EZ R DIV
buprenorphine & & 2 T * o 4 A%
buprenorphine fr clomipramine # &z ¢ F >
¥ A % buprenorphine = clomipramine & & %
FRAr R MET A4 2% F - R
B b RHEERYAT AL
%4 Tab 1 #75¢ > # {c¥ j2 buprenorphine
AP Rz EELR(p<0.05)-

£ 12 isobologram #5 3+ TCA %
buprenorphine & x b 2. % 3 ¥ %

Aird F R REHE PGS
buprenorphine - protriptyline - clomipramine
% % ¢ 4%+ buprenorphine % protriptyline ~
buprenorphine f= clomipramine p¥ 2. EDs 4 %]
64 4.2 ~23481.5~7.0~7283.1 g/kg- X

SRR Y 1B X %3 buprenorphine
% protriptyline -  buprenorphine -
clomipramine p¥ 2. EDsg 4 %] 5 5.3~11744.0
k7 5% buprenorphine % protriptyline & & %%
T 2 f % B (Zmix) 5 B 3 H 32 35 @ (Zadd)
(Flg 3)) Ao A B2 EF FAT G A

4v 3k » % (additive effect) » @ buprenorphine
fv clomipramine & & %% T 2_F 2 {8 (Zmix)
|3t H 3B E (Zadd) (Fig. 4) » 27 2 73 f& %
P20 TEH AT v 5 3 % vt % (synergistic
effect) o

= R

P S )I§J<

1. Narita M, Yajima Y, Suzuki T. A new turn
of research for morphine dependence. Nihon
Arukoru Yakubutsu Igakkai Zasshi.
2000;35:283-94.

2. Mamiya T, Noda Y, Ren X, et al.
Morphine tolerance and dependence in the
nociceptin receptor knockout mice. J Neural
Transm. 2001;108:1349-61.

3. Robinson SE. Buprenorphine: An analgesic
with an expanding role in the treatment of
opioid addiction. CNS Drugs. 2002;8:377-90.

4. Fiellin DA, Pantalon MV, Pakes JP, et al.
Treatment of heroin dependence with
buprenorphine in primary care. Am J Drug
Alcohol Abuse. 2002;28:231-41.

5. Baldessarini RJ. Drugs and the treatment of
psychiatric disorders. In: Hardman JG, Limbird
LE, Molinoff PB, Ruddon RW, Gilman AG,
editors. The pharmacological basis of
therapeutics. New York: McGraw-Hill; 1995.
pp- 431-459.

6. Monks R, Merskey H. Psychotropic drugs.
In: Wall PD, Melzack R, editors. Textbook of
pain. New York: Churchill Livingstone; 1984.
pp- 526-537.

7. Magni G. The use of antidepressants in the
treatment of chronic pain: a review of the
current evidence. Drugs. 1991;42:730-48.

8. Oliveto AH, Feingold A, Schottenfeld R, et
al. Desipramine in opioid-dependent cocaine
abusers maintained on buprenorphine vs
methadone. Arch Gen Psychiatry.
1999;56:812-20.

9. Feingold A, Oliveto A, Schottenfeld R, et al.
Utility of crossover designs in clinical trials:
efficacy of desipramine vs. placebo in
opioid-dependent cocaine abusers. Am J Addict.
2002;11:111-23.

10. Goldstein FJ. Adjuncts to therapy. J] Am
Osteopath Assoc. 2002;102:S15-20.

11 Liu SJ, Wang RI. Increased analgesia and
alterations in distribution and metabolism of
methadone by desipramine in the rat. J
Pharmacol Exp Ther. 1975;195:94-104.



ﬁﬁ%ﬁy%ﬁpiﬁiﬁ%gggg%

VS VR F 2 W2 A Al ik 2 B o I B R
B 28538 F 2 B $E 3 TCAs *ijr*&p%’?‘“ﬂi":’ﬁ’%ﬁ AR B A W
Z BT o
EAEfeF B2 3 P o B IRE F %S buprenorphine % protriptyline
buprenorphine = clomipramine f¥ > 7 2. TCAs £ &7 F & & T 2 4 2 ¢ % T
% 49 > F]4t & TCAs fv buprenorphine % & & % # p& > ",%é’t%’ J& &3 2. TCAs
gt > ¥ FERES 2ZBE S TR 0 FIH R F 5 ¢ 4 buprenorphine & 2 %
Pz 3 %% o
52 % 4odp 2 % = buprenorphine §v protriptyline £ clomipramine & & ¥ % 2_
#F3t o ”ﬁfpi WETIERIZE G I IRF R P A EREN o Bt
PEANEFEAFFE R i BRSO FLFR R La
fRE 2 TEH s Ap 1 ﬁ“iﬁpi“%%*’ PR EERS e BT R 2 A B ARAE L o
%ﬁ#ftﬂﬁdﬁ*‘“p_‘?“p?ﬁ“?‘i@‘ﬂ* LR A - iﬂ?f?i%ﬁﬂﬂi‘i%\w
A NG ERAMP A LTI FRR - R A P
H é¢9ﬁ
[] &&= P& (G#p > 100 F 5 )
[] Fm4 e
[ Flecf & @ %
(] & R
WP AT OEe w2 ) R ARl Miig s d P
PERC 2 f'%i;”ﬁf‘“? g 33t TCAs $30 34 38 s e R IR IR 48 - B
1 b 2 Frat o AR § own TR 2. B *ﬁ 23 IFH o
Zﬂﬁfﬁ%P§Mﬂw%$é@ﬁéﬁi
wme et agdz2~f/m WER “ [ &
B4 e &E® Y ¢ e
pE [ D/\?F/\ﬂ __Fd
Hu o (12100 % 5')

-




x$§4h‘dv,\jk,~:}i4+n‘f,$ rig%,fgg”"\i Ty e - V) z%
(@Qhﬁﬁ%ﬁﬁixﬁi\@@\%%é@ BB TR o Ao
FREHZE SEIE2F R FHET R E 2 Ap AR (12500 F 5 02)
TCAS—/ﬁ &3 & E T ¥ i € ¥ buprenorphine 2 4 7 2. 3 I {E* o
ﬂ\ﬁﬁ Yodp B 2 A buprenorphme fv protriptyline 2 clomipramine & i %l{%f 2
’fbﬁ?ﬁl P AR W ATIRRIZ R G R I R o Rop Ay A MEFEE  2y
jLT%nb /#)‘%#ﬁfﬁ%? /EHFL’ﬂr”bfﬁiﬂﬁv"giﬁﬁ“‘ﬁ'igﬂ.’i
CRRA R L e ] i p AT A E *v?f)awrza%vzww R e
M MTRESN R AR AER 24T Ao R2A¥ G R &G
RN




R E

Tab 1. Statistics for testing coincidence of additive and mixture line

Drug Modified T-test Fisher statistic p
Buprenorphine & | t computed 0.172 | F computed 2.307
Protriptyline t tabular 3.492 | F tabular 4740 | >0.05
Buprenorphine & | t computed 23.810 | F computed 49.078
Clomipramine t tabular 3.936 | F tabular 4740 | <0.05
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Figure Legends

Figure 1 The dose-response study of single buprenorphine and protriptyline and combination of
buprenorphine and protriptyline for the treatment of morphine dependence. Six mice were used at
each time-point of testing and all mice received only one injection of naloxone. The volume of

injection was 3 mL/kg. Values are expressed as mean = SEM. @ Buprenorphine ~ O Protriptyline ~

V¥V Buprenorphine and Protriptyline.

Figure 2 The dose-response study of single buprenorphine and clomipramine and combination of
buprenorphine and clomipramine for the treatment of morphine dependence. Six mice were used at
each time-point of testing and all mice received only one injection of naloxone. The volume of

injection was 3 mL/kg. Values are expressed as mean + SEM. @ Buprenorphine ~ O

Clomipramine ~ ¥ Buprenorphine and Clomipramine.

Figure 3 Isobolographic analysis of buprenorphine and protriptyline interaction. Data points on the
x and y axes indicate the EDsgs of drugs alone. The symbol @ and O are the theoretical and

experimental EDsy of combined drug.

Figure 4 Isobolographic analysis of buprenorphine and clomipramine interaction. Data points on the
x and y axes indicate the EDsgs of drugs alone. The symbol @ and O are the theoretical and

experimental EDsy of combined drug.
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