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The majority of medicines developed for narcotic and stimulant dependence
were agonists or antagonists of neurotransmitters and their receptors. Recently
it has been shown that the nervous system, the endocrine system and the immune
system are regulated by mutual interaction. The nervous system and the
endocrine system are influenced by an immunomodulator, and the immune
system is regulated by a neurotransmitter. In this report, medicines for morphine
and cocaine dependence are first surveyed and then medicines for drug depend-
ence through the activation of the immune system are introduced including our
results which show the effect of macrophage activator such as LPS on morphine
and cocaine dependence.

The LPS purified from Pantoea agglomerans showed a relief effect on
physical dependence of morphine and psychic dependence of cocaine, while it
induced endogenous opioid, B-endorphin. The induction of B-endorphin was
recognized to be in synchrony with the time course and dose response of the relief
of dependence. These data suggest the participation of endogenous opioid such
as B-endorphin induced by LPS after the activation of macrophage leading to the
relief of morphine and cocaine dependence.

Keywords——morphine; cocaine; S-endorphin; lipopolysaccharide; macro-
phage
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BHEICHAVWONTVWAKEERERE LT Y FUYENENLE X, ~o4 VIKFEIEIREC
BOWTHISATWVWS, LALIOAY FYOBESORBEOKREREIEICEWEA EZNEE
DO TREETH A ENBMEINTVE, ™ F-hE TRREARIShTE1-BL D
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FRIERET, ZhBEBEREEEERLBVIEEENRDONTVRLE-TVLWVTHASS,
COIHINETLEE->TFRDPSDT 7o —FBEREEREEERCMETH L EEION
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Bl B S RBERICIEAT A &, 2 L TRERMEE» SEESNZ VDY B 41
b4 VEBMESR ASWRICERT 3 &0V &S5 BME-NAN-REROEEIEHOWHR
DBIEL fTbh, TO3ROBYIE/NS v Rk » TEFEFEHESHEEINTVE I ENHS M
RIE->TEA M ZLTIOL S BHE-NS-REREEIERE, % D prototype % {ffx
REDBRICBVWTRDE S DD ERLIEZ TV S, D —HFKE, HEAKERZCBWT
BRPEREOBETHRESH, "™ KEERBCBY 3REROEERSREESATYL
5.7 Ufcd - THE-NS - RBEREN LIREERED 7 7o —F ik, 120HLVE
REES5I56DEEIONS, LEALEFNCHHST I COREERBFEERRICBL
T, JOE-NS - REROMEERZRB L TREELZHBL LS &4 38418, BEA
EfTbhTunidwn,
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UHBEETHEEEAOND. RADFER, OBRBESICE S 2EAE - THR KD
WeR, THROLEE-TVFNT 4 VEFEEERLDAIFLOAEEES B L, HFTLWEE
EREREEIRR L., AR, BUREED > b, EVE X, ah 4 VIKEEABOCHIETE
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1. Antagonist and Agonist j2ARESE

BNER, IAAVZRBLDETIERMKFEREIOTT 2B ELLTINETEELAF
agonist 4 antagonist FJE b DBEZBLRD SN TR HBRE LT, HREEMBERUZ
DL 77 —icxtd % agonist ¥ antagonist H5F DL { % ¥ 5, 220

Agonist % antagonist IZ & BIEHIE L L TREMNUL DI, ELExP~NDA VY BEDKE
EREICBOVT, XY FUPFIVPLFY VREBAIONATVS, 730 LhLA4 FyicBL
T3, agonist IRRIED/RETH H 2 IRFEBAFIIREFENEL BT &, THLBIDAY F Y
KL pigREhiE LicE EBER, 24 F U cL3BMEREBUSERLESFAER STV
LPEEhTVWS,Y

FRFINVPLFYVIRBOTRE, ~oq VIRV ET I —~DEEASHEHE\ antagonist &
LTEL DD, KFELRRT 213 L ORBSIRNED TV EBREShTVE.D T
& 9 75 agonist, antagonist & {KFFAE & OBAGRIE, KIS 2GR SE Vb DI, I5EEK
BEKFENSSES, B BERBROREENSHVLOR, ThiEEBVISEDENES
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NEBVOHBHIRTH S, BZH INSOFYI, REFEETEKT 2 iR RO RE AT I EE
e, $5WVIIEHBT 5 antagonist, agonist THEPOTHAS. LIh-T, OHEAEED
=4y bETEHRIER, SHREDIIOEELZRRTEI LR, HELVWEEbL S,

TABLE 1. Medicines Being Tested to Treat Narcotic Dependence

Opioid Dopamine Neurotransmitter

Narcotic drug  antagonist and  antagonist and antagonist and Sglf-rescue Others®—""
. . . alancer :
agonist agonist agonist
Morphine Buprenorphine Bromocriptine  Yohimbine IFN-a  Pertussis toxine
Naltrexone Ketamine IFN-y  Tripelennamine
U-50488H Dextromethorphan MDP Diphenhydramine
Methadone DaY8Ra LPSp Cyclizine
Laam D-Aspartic acid Ranitidine
(a-acetylmethadol) Dizocilpine Prolyl-leucyl-
APV (2-Amino-5- glyciamine
phosphonoualeric
acid)
Cocaine Buprenorphine Bromocriptine  Buspirone LPSp Nifedipine
Naltrexone Mazindol ‘Fluoxetine Nimodipine
U-50488H ABBOTT 69024 MDL 72222 Isradipine
Schering 23390  ICS 205-930
Spiperon Ritanserine
Haloperidol Gepirone
Pimozide Desipramine

a-Flupenthixol APV (2-amino-5-
Chlorpromazine phosphonoualeric
acid)

I A4 VKEIEICN T % agonist, antagonist & L TOBEEIKIL, HEEEWED 1-5TH 3
F—rI /g 208208 L5, TNORKREL F—~ v €7y —fEAT
5b0D&L, ahA /ESEA THS dopamine transport protein IfEHT 2 D EICHTiF S h
5. TDHILF—NI v LE7I—IfEHT5bDE LT, abbott 69204, bromocriptine, scher-
ing 23390, a-flupentixol, spiperon LEDBHSN TS, ¥ ULhHLINSF—»I VLT
9 —IfEF9 5 dDI3, schering 23390 D & 3 I Z DFRERIC L Y 34 1 VKEREDSH I 1Mk
a0, bromocriptin L ED &L S IKESBEIC L VEPICBOTITHEBEL B ED
#WEHH 5. F/: dopamine transport protein IZ{EFI T 5 IEHIE L L T mazindol 75 & As¥4F
S5, BREMETEVWEITHE. Y BLTIhETINE VL > TENLIBEHROH
SR CoMEETRBOATVRL,

BETREERICB I 2H5HRBEINTHS NMDA L+ 7% —icxtd 3 antagonist TdH 3
ketamine, dextromethorphan, MK-801, APV (T X 3 €/ b XMREEIEICN T 2 M&I/ER, @ +
ob=vrte7y—{EFFETH S MDL7T2222, ICS205-930, buspirone, fluoxetine ik 3 2 # A
Y IREFAEANEIER, 4 adrenergic agonist T3 3 yohimbine IZ & % €V b X KEEMGIVER S
EBREEINTVS. Y L L IH S neurotransmitter P ED L& 7 9 — i3 d 5 agonist
antagonist {3, BIR®D A E A 4 FRU F—/¥3 ¥ agonist, antagonist & FRETR & 73 2 IKEREIS
BT BEHOAEZFET A EIEE L, omEERICOHBLEEI 38D n
Wik, KBERTORRGELVWSDLEEI NS,
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D& BEIERMEL 2 1 DDOFREE L T neurotransmitter M agonist % antagonist, Z D
R FAE2REAV B4, Chi—Bite, HBENARICBSEX358BEVWC s
BEFOND, THULLERZO O, AREEEEEYEORTEIVLIELTVE
H»TH5. CORE,OSEAZEENBECHENTSH D, LrdbEfolaEsilatuvk
SIS L OERRRSELEHVE T EBHREE O, CThoDigEEoMK-HH I, BEEIEHT
R boEishblhiin,

SR D neurotransmitter 2% 5.9 3 BLR Ok & kT ERICL T, EEicERkiEb -
TOWHEEHMERREEEELT 2 Lick VRAKICA €4 4 FAEESY, KEELHIE
THILDEAONS., COBEAIE, SEOREBEEE D5 v 2R ERH S IKEFEDOR
BRMTThbhas b0 LBbhd, Licds-> T OIS EM neurotransmitter agonist Z 415
T 356 EHARERMEWERODIIWIBEREICN 3L EI OIS, CTDLSIcERb 24&kiE
BUHERBEBOERIEFTE T AL ICL > TREEXBRELTIT{WESE C 2 TR, sdf-
rescure balancer EFE3SC &icd 3.

2. Self-rescue Balancer

RYMKFIE IR, ABYICIHBERFIEOENCE > TEL B LREEVWEY, LihLTh
KHHHHG L TCh E TORBEOL I}, B0 LS IKEROS E20E & L iaiEk oy
RBRBEALETH 1. BEOLERFRAKTML - BBER, ANNR BERO/ o R b —
JIKE-T, TO=ZFRDONF Y ZADVWWEEHZEE L TITT 5 LT 3RA 1 C DFEKTII,
CNETREAERINTVRY, —HARFEERE 3T IcHER, AR GBERZEIE
NOBPVZICHES N TVWEIDOTIRIEL, ThOAEWVICHEEERS LAWE M SIEEMS T
ENTWBIENEHS N, BlRE OWERTOIATETVS. “ 205 bHEREEY
b9 25K, Hicws o077 — VEH(LEADS 3 IFN-a, 7, MDP ZhE Lk X KRS L
THEUSEWIEREMHE T 2/EAMS 5 T EHBMESI N, 5 2 b XMEEELRERAE
ML B LIRKVBRTEDZCLMTRBENE LS oz, ZLTIOL S HYEIE, X
YMEKEERE D self-rescue balancer L EI XX HDTH S S,

INSOYHER, BBULRERBFRHEET A ESREINTEY, 20EESFELTER
BROEHLENULIARELT XS F, Bz vy vy o vOBSSTERIATY
.99 B2y FNT 4 v3THhETRIKTMIcBVWTESE S Q3 CRF Ofll#ic & » FTHEik
IKBWT Fig. 1 WRTLHICTuAEL 25/ aVF Y (POMC) %HiEAL LEESh 3R
R4 €44 FPHATHSLEELONTV R, LA LEBETE, TEESH D T il
SO E FET MBI BV TOEEINZ L, I5ikvs 07 7 - JIRBVWT b B-
TYFNT 4 YVEROYESEET I EDBHOMIZEN, T B2V F U7 4 v PR SR
P TR, RERBICBVWTLEESNEIEMSHOhIcS N, L LEORIMEA
KBVWTRSRORTFTEET 3. B-2 v Fv7 « YOERIE, BERIEH D T Table II ic
REEIRBHICDOS, COXIBBHEICHZERMNB-Z Y FIUT7 4 YOBEEERAICL 3
PEPRHELT, BV F7 4 v HEHRORELFER L AREBA - REOREIES
WBEEILBT L3, BBICER TN,

D& ICHERDENERE, ADWREN LE2E0SIEEEEFELCEELL S
LT B3RS, THhETHVSHTE A \EHIC neurotransmitter @ agonist % antagonist % EL
ERE T 5 IERELHN—ECSROMEIERAEARES SN 3 L5, £EBNRETCOR
RO Bbh 3. THOLEHBZOH - NIREERR LT, HERES~OBEIE
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Scheme of Production of 8-Endorphin

immune system

CRF, corticotropin releasing factor; POMC, proopiomelanocortin; ACTH, adreno-
corticotropic hormone; LPS, lipopolysaccharide; TNF, tumor necrosis factor; IL-1,

interleukin-1; M, macrophage.

o8BI ACENTEZRIRTTHSE, THL1:
KRB E LTOB- Y Fv7 4« VEEEH
25 self-rescue balancer IC & 3 {KEEREOR %

BsTHAS.

TABLE II. Effect of 8-Endorphin on
Various Cells
Cell type Effect
Monocyte  Chemotaxic {

Ih & BB BIREERE IC BT B HER

PERHOETHRES W TE Y, BREUEDH

DOEHE bIKFEEEORFICB VW TEELRE

EIi-oTW3B 202 = =T self-rescue balancer

& LTS 12 LPSp, IFN-a, v, MDP (1,

n7y—Y%IRLHEL, REREEMILT S

CEBRESNTED, ™ KFEREORK
PAEFIMOBERICB VW TORUTH ST L

PMN cell
T cell
<7
- B cell
1NV NK cell

Wahs §HEbBE—DOEAHG—FHIKB-zv
Fv7 4 VEERFEL, tH5RRERME TS

e 3. 5O self-rescue balancer I3,

LY

Phagocytosis |

HLA-DR expression |

Superoxide production 1

Chemotaxis

Surface adherence 1

Con A-induced proliferation %

PHA-induced proliferation |

Antigen specific cytolysis {

Total T cell rosettes |

Ig production ¢

Cytotoxicity 1

Con A-stimulated interferon
production 1

PHA, poly I: C-stimulated
interferon production 1

RSO A EOERRE LT, BENE D
DEEZTI\W. L L IFN-g, MDP FEiZEB W
Ti3, TNVE RMEEEOBMAER L MEIT 2 - DI IHBENE DREREZLEETHILEK
n, FEEKTOLHARELVW OLEDLNhS, EEERIGHMSEDSICAREL  self-rescue
balancer DRIRMLEZT N TV ADOMBHKE V>TSS,

3. (KFERMEL LTOLPSp

Pirit, chETICT2 07 7 — VTEMLICOWTRET ATV Pantoea agglomerans B D
lipopolysaccharide (LPSp) H388% TDRT invivo, invitro icBWT < 7 8 7 7 — V% fEHILT 5
CEABWE LT X512 @ LPSp i3 MDP, IFN-a, 7 FIBSEEER 28 L Fig. 2 IKRY &
SicHElEF €A A FTHBEB-T Y N7 4 vVOBEEEFET 2 EMRAOHEL 1™

FITIOLPSp ARAVENE X, TH A VEREECNT 2EHIC LWTREZfT- . £
DEER Fig. 3 ISR & 5 K HEHDRO LPSp #5ic & » TV b R EBMEIRE LTEL 5178
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Fig. 2. Time Course of Production of 3-Endor-
phin after Administration of LPSp

LPSp (500 ug/kg) was injected iv. At
0—38h thereafter, S-endorphin in both brain
homogenate (4, pg/g) and serum (4,
pg/ml) were assayed by RIA. Shadow area
shows B-endorphin level of untreated mice
in brain and serum.

Zite L To<y 2 BhEEE & O E (b &
L TO N, EERDICDWT SMEIER %2R
L7:% (Fig. 4). &5icabvf vick->THE
SNBKEREICB VW TS T D LPSp i Fig. 5 1
AT LD ICMFEIERZR L. Th o LPSp
& BENE R, TAA AREEINHIIER I,
LPSpickFEEh B <7 07 7 — Uik
fERRUB-= v FIv7 4 vEEER & BIZ—
B, LPSpic & AIKEEMEIc<7 07 7 —
VOIEMAL RO FNIC & - THEB S N 5 NEE:
B-T v ENT 4 vOBESMTRBENS., DT
&3 MDP, IFN-a i< 7 v 7 7 — VgL
WEThH, roREMER- v Fv7 4 viEL
FEEREZE T 5 - OEEESIF S 5 &0
IMED S bREEN B, 4

MDP, IFN-a #51c & 0 €V b  RIFIE 20
Hd 27D BHENZBOBRSBHETH Y
EBOBKRIGCHI#EHELWEEZ NS —F
LPSp DM SHEMEERICE VT NIV RZEED
WA 28T 2ERH 5 < & 2BLICIR A 138
SMICLTWVWE. ™ ZLTEDERAYMEE LT
HNRMKCFES N2 F L7 4 vORES
MBIEAENTHD, hoDT EMhSENE R,
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Fig. 3. Effect of i.v. and i.d. Injection of LPSp
and Morphine on Jumping Action during
Naloxone-precipitate Withdrawal

Mice were made morphine dependence by
s.c. implantation of a morphine pellet (12.7
+1.0mg of morphine hydrochloride/pellet).
After 48h, LPSp was injected iv. (O) or
id. (@), 2h later, naloxone hydrochloride
(10mg/kg) was injected i.p. and then the
number of jumps was counted for 40min.
As a positive control, morphine hydro-
chloride was injected i.v. (®) and 20 min
later, naloxone hydrochloride was injected
Lp. *kp<0.01, #+kp <0.001.

0 saline 0.5 5 15

LPSp (reg 'kg)

Fig. 4. Effect of LPSp on Naloxone Induced

Body Weight Loss in Morphine Administered
Rat

Rats were made morphine dependence by
s.c. injection of morphine for 2 weeks. Two
weeks later, LPSp was injected iv., 3h
thereafter, naloxone hydrochloride was
injected. One hour later, body weight was
measured. *kp<0.01.

ah 4 AKEEISHEIC B W T & LPSp DS

TOEEDSREE NS, &/ LPSp MBS Icx LIkt A 2 (FABH 5 T L %
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Fax3BICBHSOICLTED, D KEECBY =
BRRERIOBETIE OV TSRO EEHT  § 20
5L bAELEAONS. i
LPSp ic & 2 AFEMHIERIC BV TARKE £ 100}
CREBANLBIVIFALT 4 YHZEOERY & %
BLLTHESNBY, ZoOEH, Fictes T -
4 FLeTy—LOBKicoWTi, 4ois < L*
RIS T, LA UKL, LPSp  §
ik BBEEANA AL KLers—op 3
- > L — Qn :: i 1 1 1 L
ve7y-DHELY 6, & LTI RN saline 0 "5 15 45 500 1000
KL VBEEENB T EAHEALTEY, D ¢, 9, LPSp (ug/ke)
kK AEF4 Fre7dy =320 EROMEEEN Fig. 5. Influence of Pretreatment with LPSp
%‘j e i%f& &%’] %ﬁ LTWwado % 2TV on the Place Conditioning Produced by Co-
— .o caine
6" DT &, TableliTRaNG &5 ‘:% v SD rats were injected cocaine i.p. and
bk, IAA VEREECH LBAMEETRT b then put in one compartment of box which
DODHH U-50488H i, £ L7 ¥ —I/EAL, was divided into two equally size compart-
. - ments divided by a sliding partition for 50
IiuprenOfphlll Bpcr l::.’“)?” 7 . E {’Eﬁﬁ‘é:é min. One compartment was white with a
CEPHERRENS. EOITLPSp i textured floor, the other was black with a
WTW, Fig. S KRT LD ICEYTORMEE LT smooth floor. The next day, the same rat
U B RBMEERE I L TOBENTH S &b wa:s pl.xt' in. the other f;ompartment after
>k - . . . saline injection for 50 min. The treatment
5, REEREWAEL - T SRERGERT S b order of injection and that of compartment
DIEH Y TIEL, KEEOREMIGEIIHLT were counter balanced across subjects. And
GEElETH B L Bbh3, 1 LPSp OIS these treatments were repeated two cycle.
B o s On day 5, preference for a particular place
g0, ER (EKRER KBV THBIERTH by rat was assessed in the drug free access
BxhsaoEloRO BREEICXZEED to both compartment. The time spent in
B sha, ZLTLPSp i, BZH B each compartment for 15 min was measured

. - . automatically. In this assay, LPSp was
N7z self-rescue balabcer L5 TH5 5. injected ip. 60min before the cocaine

4. BbYIC injection. *p<0.05.

EUURTFEEIC K L Tild, MEORAIRK-T |
HEUARPEERELREY, KBV TIhSZBBACHER LEEL & 5 &3 28EEMH
boTWREYL, X5IENER, ahf VEEEDOX S I, ERMH AR/HROBIEFRLES
L, THOHEREE UAREEICHD - TWAHEEL BERICIEEXIE, WHTslLick
DH U BIKEEE, ERESBEEERLOBETREL L TESASILIRETHS. C
D= DIREEIREIBHTHELL, ChEV-TEREEESEVWDOLYRLEZLSHPDL
higw,

Ui Uk, BERE0BRIC BV oGRS #ERICBVTHESHOHDHIE
AFVoo, FERREZHBTIEAMoLDHRMY R FLE2BATVS, ThxEL 3,
“Ontogenic Inflammation” T& 3 LHRL7.. D £ LTI OREERADKFIERBRICBWT
BENCEHERUT AT ENTELLLIBERRREELILS L ERRT 5. &5ICLPSp
AB5ZBTERE->TINEERTAIENMTETH ST LERLE. SEIT T TR self-
rescue balancer 12, £\ 8DEBELEL 1 2DHFLVWT 7o —FLE->TVWWIEAD,
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Self-rescure balancer DEBEOERTOLAEZELIIGE, TD1DTH5 LPSp 2Hlxic &
hiT, KEERBRICBOTERERZDIE LT LI DAL 2 ZIER 2 3 /b icE
HAT32EMBTEBZEEDLNS, THbh, EENEYLRL-EEYDHH Y IT self-rescue
balancer, | 2 i LPSp 25 L, Chick - THERT B 8- v Fiv7 4+ Y OER T OBMIE
RzEEET 3, ChERVETERIVEYOFEHICKDEINTOERNS vy 2EBHR
BETEEIRT LML EDLNE. LELIOBACOIKEEOREE VWS LR, &
EEEOBMWVELEOMBLEE3THAS. 2 L TEEHHGOEELXL0EDB DI, HY
v v SEBREORAETOY - B EEVWSHESENAEOBLENETH S, B
EHHOEETLPSp BRI 2 1cdic, BEHITHEIN(FFEEARWVEERE, A
g0, BREV-BREEORFBHEL Bbh 3. LPSp DFERED, S5 (RAEs)
KBOTERBERASFEEIND L&D, B0, BREEC X 3BYMKEE~NDIGA AR X
ha,

ARiE, FERAEEMIENR LY 5 —icBIBKEF - 7S V— 7OHED—EROBEE L
Ea2—-ThH5. TiEH, CTBRHEZE-HRAFEYIENR LY 5 — KBE—HREC I
i F—EREdZIc S W LT
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