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~~RODUCTION 
-_ 

Two United States patents (11. Lotsof, 1085, No. 
.4,499,096; H. Lotsof, 1986, No. 4,587,243) have claimed 
that ibogaine, an alkaloid found in the root of the 
,African shrub Tuber-nodw ibogo, is effective in treat- 
ing both opioid (heroin) and stimulant (amphetamine 
and cocaine) addiclion. A single oral trcatmcnt OC 

ibogaine or its salts in dosages of 6-19 mg/kg hx 

been claimed to be cffcctive for about six months, 
interrupting the ‘physiological and psycliologic~il ;is- 

pects’ of addiction and eliminating the desire lo use 
drugs; a scrks of l’our tr~i~t~ncnts has bc~n daimd to 

(f be effective for approximately 3 years. Kecent animal 
I studies, in this Ii1hriIt~lry ;Is \vcIl ;Is in olhers, IliIvc 

provided swllc cviJcIlcc lhot is coIlsislcIi1 willi Ilicw 

claims. In IXtS, ihlgiliIle WilS f0uIld to CiCCIXilSC illlra- 

venous morphine self-~ltlministralion’, ~.ccIucc ~llor- 

phine-induced incrcascs in motor activity”, and block 

Iiiorphin~-induced dopnmine rclcasc in linibic illlli stri- 

illill brain regions (1 1). In mice, ibogainc WiIS found lo 
antagonize cocaine- and I,-amphetamine-inllucecl loco- 
motor stirnul~~tion’7~‘“. 1 IOwWei-, dClti1 seemingly incon- 
sistent with an anti-addictive property of ibOgiIiIlC IlilVtZ 

illSO been obtained: in ralS, ibogaine WilS LotlIld 10 

cnhnnce cocainc- ill1 d n-;lmI)IIetnrninc:-indticetl 
dopaniinc rcls;~sc in brain as well as Lo polcnti;ilc 

COCiliIlC it 1111 I~~ilIll~~h~~~lIlliI~~-iI~tltI~~tl 1110101 

ilclivitp “‘.“~I’. Pretreatment with ibogaine has also been 

found to rilk lbiIIll~~ll~tiIIlliIl~ levels in brain, possibly 

due to inhibition Of I)-iIIllpll~tilIlliIlC Iile~iIl~olisIn”. 

All of tllc il)og;rinc-rlrug inlcraclions duscribcll 

ilbOVe occurrccl over time periods lllilt Cxccctktl ilw- 

gilillL!‘S rcportcd’ sojourn in 1111: b0dy; &xpilc ;I11 esli- 

m~lcd li;llf-life 0C ;ipproxini;rlcly I II iii ~rotlcnl~‘, llic 

cft‘ccls of ihOgiriIlc On lllc rcsponscs lo morphine, co- 
CiliIlC ;IIltl I,-aIn~~li~l;rIiIiIi~ WCI’L: iIl>l)ilI~CIIt I’Or Ill~llly 

hours or &lys after ibog;IiIlc ~ItlIlliIlisl~iIli0Il. ‘I‘hcre ill-c 
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;I[ Icast 1111 cc possible cxpklnatiorls for this apparclll 
tlisct,cll;tncy I~cl~ccn drug Icvcl 311~1 drug cffcct: (i) 
il>og;linc niiglll proclucc ncurcm;tl ~l;lln;lg.c - ri;lla fronl 

sl1lclics oti lissrlc lcvcls” of (Iot~:iiiiilic ;Itirl its tiicl;~l~o- 

IiCcs Iii~vc iiol Iwcil umsistc11( willi this iritcr~~rcl~itio~~. 

Iiowcvcr; (ii) ilwgaiiic might persist. at low Icvcls, for 
rilrirll Io~igcr pcriotls of lirllr IIi;iri Iias I7cc1i Ihnuglll io 
IIC IllC C;IsC: :ind (iii) ihogiiinc may Iiwc a11 actiw 
riicl;il~olilc with ;I VCI-y long half-lift. 011~’ cxpci~iiiiciil 
Llial \vo111~1 IK rclcv;liil to discrirnirl;ltillg bctwcetl tllcse 

cxpl;iiiatioiis, pai-licularly (ii) and (iii). \vould hc lo 
adliiiiiisfcr ilwgai1lc locally ii1 Ilraiii and tlctcrnline 
wl~ctl~cr sys(cnlic cffccrs GIN IX nlinlickcd. If long-1cr111 
systcnlic cffccls can Iw mimickctl 17s’ acu~c. locally 
arliiiiriistcrcd il7ogninc. this woiiltl imply cillicr tllat 
cxplanatio11 (ii) is likely and/or ~II:I( ;I mclalwlitc in- 
volvctl in cxplnnation (iii) Ilas an ibog;linc-like pharn~a- 
cology. 

Ilwgairic’s inlcracliori with niorphinc ;~~l’cars lo in- 

volvc ;I tlirccl action of ilwgaiw (or ;iii acli\T 1llclalw- 
lite) iii llic brain. ;~llllougl~ llic pi-ccisc site of this 
actiorl in llle brain is unknown. tIowcver, in rats. a 
plla~lll~l~okirl~tic nlccllauism at>t~;l~-s to IX al Ic~~l 

partly rcsporisililc for iliogainc’s irltcractio11 with 1~ 
;tni~~licl;tiiiiric”. and il is not clear if il~ogwiiic also 
iritcr:icts ~~li;ir11i:~cotlyti;i11iio;illy will1 I)-;iiiil~licl;iiiliIlu iii 
llic I>rairi. I Icrc. agaiil, 311 i1wcsligalio1~ of tlic cffcrts 01 
locally ilrllllillislcrCrl ibogainc woulrl bc rlscflll ;lS ;I 

iiif;~iis of tlelcrtnining if and wlicrc ihogainc itself acts 
iii llic ITr;iili. 

Using llic Iccliniquc of in vivo niicrodialysis, the 

prcscllt sludy soright to tlc~criiline if ilmpninc, locall) 
atllriinislcrccl to tllc cell bocly ;i~iil lcrriiin3l rcgicWs of 

tlic nigrostriatal and 1ncsoli1~lbic systciiis. could mimic 
prcviorisly ~~po~-l~cl effccls”.” of syslciiiically ndiiiinis- 
tcrctl il~ogainc 011 tlol~amiric irclcasc aiid iiictal7olisiii iii 
tlic striatrlui ;rri(l nucleus ;ICCLI~~~~CIIS. Ii1 atldilion. the 

locr~s of ibogliric’s inlcr;lctiotl with I,-;~nlphcI~rnlinc 

was furtlicr cxplorctl in cxperirncnts in wliicli citlicl 
ihogaiiic WiIS :i~Iniiiiistered syslcmically and I)- 

atiiplictaniinc WilS ;idininistci-ccl locally. or II- 
ailipllctariiiiic was adriiiliisfcred systemically arid iho- 
g;iinc WiIS a4niinislcred locally. 

Ilrrr,lp 

1lndc1 l~cllf~A~;lrhil;lI :~nculhcsi;l. Icm;~Ic Sprague-Dnwley 
( I :Ic(mic. (k~m;~ntown. NY) rats WCI~ implanted slereotaxically with 
guide cannulac over the nucleus accnmbrns and sfriatum so that, 
\\hen inscl1cd. tbc tip’ of tbc dialysi\ probc~ \\oultl be localed in the 
Ilrlclcu~ ;Iccull1llclls (lclro:ll. t I.6 mm fr0m hrcgma: Iill~Kll. f 1.3 
111111: \.ellllal. -4.6 mm from the skull surface) and in the slrialum 
II~NI;I~. + 11.5 mm: latcr:!l. f 2.9 mm: ventr:il. - 7.0 mn~l’~. The 1~0 
cannul;~~ ~ctc lised firmly in tbc skull \\ith dcnlal ccmcnl. 

‘I\vo series of experiment% aerr conduc~rtl. In the first series, 
illcrptinc‘ \\;I< administcrcd IOC~I~!. \i;l microdi:rty\is perfusion fdr 4b 
min. to tither the slriatum 01 nuclcn~ :icci~nil~cn~: cffccls on extracell 
lnlar Icvels crf tlopaminc. DOl’A( and I I\:(\ \\rre measured for 2 h 
aften~artls (81) min aller cesralion of ibogainr perfusion). Two con- 
cenlration ranges (low and Iiigh) (If il~ogainr \\crc studied: t-10 pti 
and JO--MO p hf. In some enpcrimentr. ibop:line IV;IS administered 
locally to tbc rul)stanlia nigra or ventral tcgmen~al area while 
tlialyralrs rvere rollec~ed Crorn the sfriatum or nr~clcus accumbens, 
rc<pcclkcty. L.ocal drug adminiclralic~n \!;I\ acliie\etl \!ilh the use Of 
;I ‘liquid s\vitcb’ (C‘hlA,rl II)). \\bich permilted Ihe source& of the 
pclfu+n fluid to he changed (the control prr)cetlure was IO use the 
qaiiic ‘liquid s\vilcb‘ lo change lo antrtbcr Fourcc of normal perfusidh 
fluid). , 

In flrr ~ccond cericr of e~p,erirrienf\. the inleraclion between 
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Stalistic;il ;~nal)scb \+L:I-c done on the data crrpl-csscd 

as pcrccnls 01 lhc rtisycstive mean basal values in 
order to cquatc for f)L’t\Vc’cn-stlf,ject diffcrcnccs. fk- 
peatcd IIICIISUIX ~tnalyscs of variance (ANOVA) WCI-c: 
USCd 10 tCSl f(lr time, pfCtI’C:;llIllL’Ill :llld rCgiC)Ilill ef- 

fects. Post-hoc imirlys~s were carried out using Ncw- 
man-Kculs niultipfc c’omp~irisons tcstb. r-‘f’csts wcrc 
performed to evalu~~te irny dit’fcrcmxs bctwccn Ixisal 

levels. 

RESULTS 

Effects of lwtl ilwgtritw pt~irsiotr OII cloprrtttitw lrtrtl irs 
ntelhliles 

Fig. la iIllt1 I) >IIO\VS the c~‘~‘ccI> (92 of basclinc) of I 
afi,d 10 @M ibogainC 011 cxtri~celluli~r conccntriltious 01 
dopamine, DOI’AC and HVA in the striatunl and 
nucleus accumbens; in some experiments, 1 and 10 PM 
were administered sequentially and, in other experi- 
ments, 10 PM alone was administered. ‘The me signifi- 

cant and clear finding was that ibogaine, at 10 PM, 
decreased DOPXC in both the nucleus accumbens and 
striatum (significant effects of lime, ANOVA, I’ < 
0.05-0.02 and Sigllificilllt cflangcs from baseline bcgin- 
ning, in all CilSCS, fl-0111 20 mill ilftCr IllC Slilrt 0l’ IO p M 
ibogaine perfusion, Newman-Keuls, f’ < 0.05-0.0 I ; 
also, when compared to control data, shown in Fig. 2, 
all of the same cfl’ccts were significant, P < 0.05). 

Concentrations of 10 /J M and HO PM ibogaine Ilad 
no significant effects otl dopamine, IIOf’AC’ or f1VA 
in either tflt! StI’iiltllIll 01’ ntlcleuS ilCCllIllbCIlS (dilli 1101 

shown). Howcvcr, ;is shown in Fig. 2a and b, 300 p M 
and 400 PM ibogainu decreased extracellular levels of 
dop’kmine and increased extr&~lular levels of DOPAC 
and HVA in 1~0th the 1111clcu~ i1ccumbcns and striitttlm 
(significant drug >; time interactions, I’ < 0.05-0.001, 
ANOVA, alld significant changes from basclinc and 
from control, Nc\\~nli~~\-Kct~fs, I’ < 0.05-0.001 ). 

LOCal il~lllli~li~lrati~~~l of ibOgiliIlc: ( I - IO p M ;Illd 

200400 /Lbl) IO tllC SllbStilIltiil nigra 01’ VCllll~ill 

tegmental iil’Ci1 Ilild Ill) Cfl’iCt 011 CXtrilCClllllilr ICVCIS 01 
dopaminc, f)Of’AC ilnd ffVA in the ipsilateral stria- 
turn or nucleus ilCCllllll~CllS, respectively (d~ltil not 

shown). 

In both regions ibogilinc pretreatment (40 mg/ kg, 
i.p.1 resulted in significant tfecrcases in basal f)Of’AC 
levels (I’ < 0.05) btlt I10 significant CllilllgCS in bilSill 

dopimlinr: 01. f fVA levels, irlth<)tlgh all viiltles tended 10 
be IOWC~. Estim;lt~d ~xtraccllular basal I~v~Is (nleiln -t 

S.E.M.), in sirlinc- vs. il)ogainc-prctrcatccl groups, were 
as hollows: in nucleus xcu~iilxiis, dotxminc 9.72 f I.38 

vs. 7.02 + 1.02 IIM, DOPAC 4.31 & 0.33.~~. 2.74 k 0.3X 
LLM, f fVA 2.1 1 k 0.29 vs. I.58 k 0.25 ELM; and in stria- 
tllm, tlopanlinc l3.W k 2.02 vs. 12.2-l 5 I .X3 IIM, 

fX)f’A(’ 4.98 1- 0.51 vs. 3.28 rt 0.31 FM, f fVA 3.21 -t 
0.43 vs. 1.39 :L 0.38 PM. ?‘hese Icvcls, corrcctetl I’OI 
pI.ObL: 1.CCOVCry, \VCrC I)ilSCd Oil I‘Olll- IIilSClillc Sillllt~lL!S 

takcll l7- I8 I1 ilftC1. ibogaille (If saline injcclions illl~l 

probe inscrtioii. 
Fig. 3 SllO\VS tll;lt lOCilIly iltlllliIlistCl~ctl I)-illllt~llCta- 

mine 1 I :llId IO pM) iIlCrCilSCtl CXtl-ilCCll~llill~ ICVCls 01‘ 
lll~t~illllillC (sigllitkiillt CI’fcClb Of tinlc, I’ < 0.001, 
ANOVA); ibogainl: prctrc;rtment ( I9 II c;trlicr) cn- 
IlilllCCd this CffCCt, illltl t0 iI grL!illL!r CXtCtlt in tllC: 

lll~ClCllh ilCCLIIllI~CIlS tllilll in IllC stri;itum (sigilil’icirllt 

~~I~Ct~CiltlllClll X rcgh X tinlc illtC~ilCtiOt1, I’ < 0.05, 
and significant prctrcatmcnt X time illtCrilCliOllS, I’ < 

0.01 and 0.05, in the nucleus iIccumI)cns and striatttm, 
respeclivcly). In the nucleus iiccumbcns, effccls of ibo- 
gainc pretreatment (compared to saline) wcrc signifi- 
Cililt (I’ < 0.05-0.01) ill ;I11 time points CxCCpt 100 illld 

I20 min; in tilt: Striilllllll, CffCCtS Ol’ ibogainc tlr-CtI-Gilt- 

IllCIlt were OIlly significant i1l the 40, I60 illld lti0 min 
time points, I’ < 0.05). fl~OgiiillC prstrcatmcnt Ilild no 

sigllificallt cfl;:ClS 011 I)-~llllt~llCtillliillC-ili~ltlCC~l tic- 
crcascs in I~OPAC iltld fmfVA ICVCIS (datit not S~OWI~). 

Itilmucliotr of loc~~lly dttiitii.~teretl ihogrrim wit/r .sy.s~cttti- 
crr/lJ~ rrtlttritri.stc~t.ctl I,-rrttiplrclrrttiitrc 

Fig. 4 shows lllat, iis wo~~lcl bc cxpcclccf (c.g. ref. 131, 

SySt~IlliCillly adminislcrCd I,-amplictamiric ( I .7S mg/ kg, 
i.p.1 incrcascd cxtri~ccllulilr lcvcls of dopaminc; prc- 
trcatmcnt with locally administered ibogainc (IO p M 1 
CIlllilllCCd this effect, illld ilgiliI1, IO il gl-CiltCr CXlCllt iri 

IllC IluClCUS ilCClII11I~CI1S lllilll in tllc striatiini (sigrlifica~lt 

prCtl~CiltlllClll X region X time illtcrirclioil, I’ < 0.05, 
ancf sigilificimt prctrcatmcnt X time illtCl~ilCti0llS, I’ < 
0.01 illltl 0.05, irl tllc llllClCllS iICCLIIllI~l!I1S ;riid striatum, 
rcspcctivcly). frl lllc nucleus iICClIIllI~CIlS, cl‘l‘ccts of ibo- 
gilillC p~CtrCilllllCIlt (COlllt~ilI-Cd 10 control) wcrc signil’i- 
Cilllt (I’ < 0.05-0.02) ill ill1 time points fl’Oll1 IO0 10 200 

min; in the striatum, effects of ibOgilillC prclreatnicnt 

wcrc Ollly Significant ill the 120 ilIld IhlO niin time 

points, I’ < 0.05). fboguinc p~Ct~Ci1tIllCIlt had no signifi- 
Cilllt CffcCtS 011 I,-ilnlphCtallli~lC-i~ltlllCCc1 tlCCrCilSCS in 
IIOf’AC itnd I fVA ICVCIS (tIiIti1 IlOt SIlOWll). 

DISC‘USSION 

Ill ;I previous StUdy, WC fotiIld lll~lt SySlC1lliCillly ild- 

niinistcred ibogaine (40 mg/ kg, i.p.) dccrcasctl cxtra- 
CClllllill~ ICVCIS Of dopnniinc iilld incrcascd CXl~ilCClllll;ll 
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levels of D0P.A~ ;rnd I IVA in the slri;ltum and. 10 ;I 
lesser cxtciil, iii tlic ~i~~clcus ;iccu~iiI)c~I~‘~. ‘l‘lich~! cl’Cucls 
occurred xulely, during tlic: first 3 Ii aflcr ibogainc 
administration. Persistent effects of hoghe wcr~ also 
observed; when IIIUS~~AI 19 h after ibog~~inc adnlinis- 

Ir~rtioii, cxl~~cll~~l;~r mct~holitc Icvcl~, parlicul;lrly 
l)Ol’A(‘, wcrc: ~lc~rc;rscd”~“. I.cvcls 01’ l)OI’A(’ ill 
Iiomogcnalcs of slrialiiili a~irl ni~clcus xxx~iiIx~is wcrc 

illSO d~C~L!ilSCll WllCll IllC;ISLII.Cd I!, I1 ;lftCr hogainc 

~~clnlinistrati~)Ii’~. In tlic prcscnt study, loc~~l ;hiiinistr:i- 
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lion ol’ ih,g;linc lo the slri:ttrlnl :llltl Iltlclcus ;Ic.CIIIllIWIls 

produced cffccts that mimicked both the acu~c and 
pcrsislcnt cffccts of systemic ibogainc ~ltlniillistr;ilic,n: 
111;11 is, pcrl‘usion with high cc~nccnlralions (200 :lnd 400 
p M) of ibogainc mimicked the acute cffccts (dccrcasccl 
cxtracelliilar dopamine levels and incl-cased estraccllu- 
Iar met;ibolite levels) whereas perfusion with a low 
conccntt.a~ion ( IO PM) of ibogainc mimicked Ihc pcr- 
sis(cn( cffccts (decrcasccl cxtr;iccllul;it- lcvcls of 
DOI’AC). I niismticl~ as local ~itlministr;ltit,n of ibogainc 
to cell body regions (substantia nigra :~rirl vcnlrnl 
tcgmcntal arca) had no cffcct on dopnmine or mclnbo- 
lilt Ic\Jcls iri Ihc slrialrlm and nucleus accumhcns. it 
would appear Ihal syslcniic ihogainc ;icls only on I~CIW 
tcrniinal regions to alter dop;iniinc niet;ibolisni. 

It is cstimatccl that the systcniic dose of ibog:iinc (40 
mg/ kg, i.p.1 used in this and previous studies should 
have produced peak brain concentrations of ibognine 
of aptlt.oxim;~lcly 100 PM (ref. 4), and local perfusion 
with 200-400 PM ibogainc should have produced simi- 
lar concentrations (i.c. assuming a recovery of 20-40%). 

N. ACCUMBENS 

-60 t 60 i2q 
minutes 

180 240 

STRIATUM 

-60 t 60 12 q 
180 240 

minutes 

Irealmcril 

1600 

cl 
C .- 1500 

z 
2 1200 
q 
‘;; 900 
44 
E 600 

e 
: 300 

0 
-60 f 601 120 160 240 

minutes 

STRIATUM 

-60 t 6Of 120 180 240 

minutes 6 
Fig. J. ‘Time uwrre of extracellul:lr tlop:lmine in tllc nucleus accun 
Iwns :intl in tlir strialum before and after ;idrliiriictr;ilion of c 
amplwtnmine (1 25 mg/kg i.p.. srcrwtl :,rrou) in r:r~c pretreated (fir! 
arrow) \ritlr locally administered ihogainr (III p hl. u = 7: dark bar! 
or :I control procedure (change d perluciou courcc. jr = 6: hatche 
lwrc). SampLs \vere collected al 20.min intc’nal\. 1>:11;1 are expresse 
as a percent of baseline values (mcnrlst S.1Z.hl.I: asterisks indicat 
sipnificant dilfcrences (I’ < 0.05--O.OJ. Newman Kculs) between ibc 

g:rine ndminislrnticm and tile wnlrol procedure. 

In view of ibogaine’s reportedly.’ short half-life (1 h), i 
was previously siiggcsted”.” that long-lasting effects 0 
ihogninc might bc due to an active nlctabolite; how 
ever, the present data suggest that long-lasting effe’ct! 
of ibognine might also be attributable to persisting lov 
levels of ibognine. Perfusion xith IO PM ibogainc 
should have resulted in local brain concentrations nc 
higher tlin~i 2-4 ELM, and such le~ls :Irc probably wel 
below those that could have been detected in forme 
stiidies.‘~“‘. 

We previously repot-ted that systemic ibogaine pre 
treatment (40 mg/ kg, i.p.; IO h earlier) enhanced the 
effects of systemically administered rl-amphetamine 
(I.25 mg/ kg, i.p.) on locomotor activity and or 
dopamine release in the nucleus accumbens and stria 
ILII~“. Subsequently we ol~scn~d that the same ibo 
gaine pretreatment increased brain amphetamine lev 
cls at 30 min and 2 h after ii-:ini~~liclarniric injection 
suggesting that the functional interactions between ibo 
gaine and r,-anlphetnrnine \VCI-C clue IO a metabolic 
interaction, e.g. an ihogaine-intluccd decrease in hep 
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