
I DENTIFICATION AND QUANTIFICATION OF ‘WE 
INDOLE ALKALOID IROGAINE IN BIOLOGICAL 
SAMPLES BY GAS CHROMA’I’OC;RAPI-IY-MASS 
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Dhahir [5] described a quantttative spectro- 
photometric method for extracting and measuring 
ibogaine in samples from drug-treated rats, and used 
the method to estimate tissue and Buid levels 
of ibogaine after various treatment regimens. 
Unfortunately, this method depends only on Ihe 

absorbance of a single wavelength of IJV light, and 
thus would not be expected to &criminate between 
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itwgaine and its metabolites, several of which would 
probably contain the induk chromophore. Dhiihil 
I.51 ;mclothers [ISI ahused tliin-l;iycr-chrom;itogr;il,hy 
to study ibogaine metabolism and elimination, 
although this method is tedious aId only scnii- 
quantitative at best. Cartes and (iiarusso 171 used 
GC to identify ibogainc: in urine from drug-treated 
animals. I lowcver, this method failed to identify 
urinary ibogaine in drug-treated lium;ins, Out to ii 
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tlit~i~~ti~~l~li~lil~~iosit~~ire ill I~~lrlcnc (<cc’ I’icIcc C‘:ltZllog 
;Illrl I landtwok. l~cKkfold. I I ). 

,,\w~Y 0f i/~~g~irw /V ( F( \I.? Itwplinc was 
;Iswvctt t?\, orpnic cvrlr ;Ictioll. dc~i~atiz;\~ion with 
w-,i,\ b ;;nd tlc,tcctic771 l>y (;C‘ fklS. :\lictoots (I mL) 
crl sutwrn:il;int fr:iction\ fionr bic~lo$cnl honic~gcnnles 
in O.-IN pe~ctr!c~,tic acid \\CIC pillcttcd into IJmL 
pol~ethytene conical tutw (K\;r;lckeler Scientific, 
/1l\wll!‘. NY). Sarnplcs then rccciwtl 2.50 ng of 
in(crnal sl;rntl;rrtl. :~nd ~c‘rc rn;ldc atkalinc by the 
;k~ltlitioii of 0.11 ml, of IO N tLOl I. tz;lctl lube was 
mixed hv vortex. received 5 ml. of rr-hexane, 
t’olt~werl iw IS min of rapid mrch;lnic:rt shaking, and 
ccntrifugaiion ( 1100,~ 101 IO min). The hexane 
(upper) t;iyer was transfcrrctl to :I tutw containing 
0.5 ~11. of O.Ot N IIC‘I. and the extraction and 
ccnt~ifrlgation steps acre ~clw;~tcd. 7 he upper 
organic layer WI< removal t’y aspiwtion and 
discarded. The lower aqueous fraction was then 
transferred to a Re;~Cti\~i;~l~~‘;Iiide\~al~or;ltetitodryness 
at room teniper:rture hy vacuum cen(rifugation 
(200 m7‘orr). Residues were dcri~~ntizcd in 50 pL of 
‘I‘FAA for 30 niin at 60”. and then cooled for 10 min 
on ice. FAA was then evnpor:rted under a gentle 
nilrojicii sIicam at room Irnrl~~r;~ti~rc. The residues 
\vcie ~csusl~~lcd in 50 pl. of (olucnc. vo~tcxed and 
;In:lt!7td II! C;(‘ hlS. All san~ldcs \\C‘IC nutomatically 
injected (I /‘I-, I le\vlett I’ackwd [I II’] model 7673B 
;Iutosnnipler) into an IIP niotlel 5POOA gas 
cliroiiiatc,pral,li in sptittess mode. Gas chroma- 
togiqdiv was lwrfornicd on ;I l>lV5nis capillary 
column -(JO m. 0.3 mm i.d.. 0. I /nn film thickness, 
.l&\V Scientific. Folsoni. (‘A) tic:ltetl from 90 to 250” 
aI 7O”;‘niin after a 1.7-niin purse delay (-! 10” inlet. 
275” tr-;lnsfer line). Electron inillact mass specti-a 
wie ohtainctl with an I II’ W70:\ mass select&e 
tlcteclor (--70 eV) with coiiil~~tci i7cd data analysis. 
(‘heniicat ionization maw spertronietiy was not 
:Iwilaldc as an intcrfacc to the gas chromatograph. 
(?~l;lntit;lti\ c an;lt\,sis \\;Is tx~~l~~i iirctl I)! rlie multiple 
ion nic~nitorinp G ~t/,.1c JO0 (‘IIF,\ ilw)pinc) and ni/ 
~7 JO9 (WA O-[(‘tl;J-it,c,~~liiie) ;II (J.0 min. A second 
ion for each der-ivati\.e \\a’; also monitored to confirm 
itlwtilic;ltion in all c:~ses (~K’v .Wl 811~1 3W for TFA 
ibog:line and the intelnxl \t;lnd;lrtl. rc~pectively). 
Ih~gainr \V:IS itlcntilietl >uccc\\frltl! in unkntwn 
samples \\ hen ttlc sii<pcctcd tk~;lL \\;I$ \\itJiiii t~.tCi% 
of the eqiccted letentiori time antI the .JOl/JOh ion 
ratio \\~acO.X8 !I O.O(i (mc;in -I (J5’ ; tolcr;lncc limits). 
A peak area threshold certirly 01 IO \\a~ used to 
;lu(c,l,i;ltic:iIIv identify i)ntl inlccl;ttc. pc:lk< in lhr ion 
traces of each wmple. 

ilr~irr~c~lc~v~~c~r~irrrc~rir~. Fcni;~le Spr;iguc D;lwtey rats 
(25ObJOU g, C‘harles Ri\er. Kins\(on. NY), were 
housed intliviclri:~ll~ under n(rini;it Iahc~ralory con- 
ditions \vith food and \!‘iltCl r/t/ /i/j. ,111 animal 
lwwdurcs \vci-t‘ app10\cd I,\. tlrc lnzti~utic~n:~i 
/\nini;lt (‘arc and I’se C‘omnlitti’c~ (~1 .\lb;~ii~ hlcdicnl 
C‘ollcgc. It~oplinc h!cl~oclilorittc~ \v;I~ \\c/phed the 
~l:iv (>f tlrc c~pcrinicri~. ;II~CI tlixv~l\ ccl iii distiltecl 
\vatcr at IO niginit. t?y sonic;ltioii ;iiid gentle heating 
in \virrni \vater. The drug did irot ttics;cilw in iwlonic 
saline. Animals recci\,eci ibog;line (40 me/kg. 4 mL/ 
kg. i.p.) with no \isible diwcrnifc,r t :III~ \\erc killed 
t o( IO hr later by tiec:rl~itatic~n llt;liils writ’ reniovctl 
ininicdi:itcl\~ :~n~t honiogcni7ctl in 5 \ 01. of ice cold 
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Iiomogerinte containing oiil~ O-[C‘tl,]-ibognine 
yicltleti no iclentiliahlc illogilille peak (see also Fig. 
3). Since the smallest peak identified by the 
integrntion software at theze settings yields a peak 
atea of about 2O.W) U. the 50 np ibopine standard 
is detected nt T--It) times this \~:llrte. Some assgys 
inclutlctl ;I 3) ng standard. which \V:IS nc’:Ir tlir lower 
limit of detection for the inetlwd. Repeated 
dcte~niinations of the ratio (JtN/-!tW) for ihgaine 
5taiid;lids yielded cc>efficieiltz of \~:lli:ltion (i.e. 
StillldLlld de\~iatic7il,!riie~l~i) cjf 17.5. 10.-l. :Illtl 8.7% 
for the 1(N). 200. :tii(1 .JOO ri: s~:II~~:IIc~~;. ic~pcctively 
(N = ‘I- IO). 

i\ rir~iill~c~- of r\pclimcrils \\CIC‘ pcifotnied to 
in\cstipntc the CllCllli~~ill G:lhlit!, crf ihgnine. 
Ihog;rine li~tlroclilori~l~~ I cxlil! di5v>l\ ctl in tlrionized 
\v:ltcr oi nictli:lnol at Iii1 $ 1111 : Ilics;c <;clliltions 
~ll’l\\.cYl I10 o,o,c 111:111 ;I IO’ I I’-\ Il/Nlll ~t’u;lgc at 

IO” f01 up to 7 nm~tli~. I IIU<. It11 Icvu(illc assay. it 
is recomniendetl that ihyitie sl;~ntl;~t tls Iv prepared 
daily from an aliquot ‘if stock ~‘~lritiorl ( I rllg/tllL) 
in methanol. Stock solutions C‘;III Iv Ftotcd at - IO” 
for up to 6 months and tliawtl at ItI‘ for dilution. 
\Vheii IO rrig of the ihopine salt 118s added to I mL. 
of deionized water. it (lid not tli<5ol\e completely. 
After intermittent wiicati’vi :IIKI \ortt’s niixing of 
this suspeiisioii o\‘cr 311 I S-mill p-i iotl. the p:lrticulate 
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- IO” and always ;~ss;iyeil williin 5 ilay<. Aqucou5 
xolutiorw of moi-e than IO nip/niL could not Iw 
IfZliill~l~ pIfpaIell. eVeI1 \vith so;lic:ilic~n ;llltl healing. 

The lherni;rl stability of ;iqI~cous illc>f:iinc solutions 
( IO nip/nii.) was invc5tig;iled h! aw:i! ing ihoF;iinc 
levels ;lrfel- exposure to boiling water for up to I hr. 
A tiiiie-tlcllcnilent loss of up to _. 35c; or the cl~Illpl’wlll 
\ViIS OlYGCI\‘ell (I101 SllO\Vll). 

‘I‘hc nicll~otl was s~~ccessfully applicil to nicasii~ c 
ibogainc in brain homo~rnatcs from drrig-trcatcd 
~11s I and I!)hr ;tf~cr dosing. Ow hour aftei 
tic:ltnicnt. brain levels of ilrriF wcrc 3.26 !: 0.07 !I$ 
g (mean I!: SEM. N = 9). l.cvcls \vcrc much Io\\c‘I- 
IO hr aftrr ~illt11iriistr;1tic,11. ‘l’he mllpolllld \v;15 
dctcctcd in only 0 out of I.3 brain homc~gen;itcs, with 
:I nlcan of 0. 19 it- 0.05 /(g/g (N = 0). 

‘l‘hc prcscnt mcthoti ilIl’I”;lrS t0 lepI-Oll11cilJl\ 
extract. tlerivati7e and itctect ihog;rine in IGlogic;;l 
samples. The hcxane cxtr-action step from alkaline 
pi I (liist iniplenicnteii by Dh;ihir 151) offers niaximuiil 
pii-ilication of ihlgilinc from iiiorc pol:lr h;l\ic 
srihtance5. I~eriVati7.ation of ilwpine is clcail! 
needed for ;in;ilytical gas chioiii~itogi;iI’Ii!‘. since 
nnderivatizetl ihogainc g;i\‘e an un;icccpl:il~lv Iwwil 
peak shape and poor wnsitility (our unp~;hlishetl 
results. similar to other finclinp 171). The results 
also for~nd that I‘I’AA functions ;I$ 311 ;icccpt;ihle 
iIciivati7ing agent. TllllS. undci the ilewilwd 
conilitic>ns ((30”. 30 niin). ihopinc 2nd 1111‘ intci nal 
st;inil;~rtl rcactctl wilh ‘I‘FAA ;~ll~iic’ to Ccltl sinyle 
protlucls. I‘hcsc ilcriv;iti7;ition contlitiorlr; wit ;IIw 
the niilclcs~ ones fount1 lo pioiliicc optinial yiclil of 
pi-oil~~c1. 1’erlluc~rin;itctl anhydlitlcs Il;i\.c Iwcn used 
lucvioucly 2s ilciivatilin~ :i,ccii(5 Ioi iiic:i<;liiillp ofli~‘i 
iirtlolcs. nol;~l~l~~ ~c~101c~1i11i 1 I II. I ii ;ttltlilioii. llic ii,;i<s 

I‘hc successful tlcii\.;iti7aticln of ih~pilillc‘ reported 
plc‘“lltl~ \\‘;\s lle\~clOpcd afte1 811 cutciisiw inves- 
tiqltion of nunicrinis &ii\ ;Iti/ing rc;igcnts. dcri- 
wli7ing conilitic~ns. and ilctc%c?icw p;iI;iIncters 
(iinpulllishcd results). For twniplc. hc~~t;itluoro- 
hutviyI imidn7ole. ;I rcagcnt rcpoi ted to tleriwtize 
:I \.a&\. of indoles. pw incclnsi<;tcnt results. Use 
of the tlcrivati7ing agent I lFi3~\ ~~ic~iluced rip to four 
iliffeient ilwgainc deiiv:iliw~, tlcpcnilin~ on the 
deii\atizntilm :mcl GC- nlS ccwclitions, but no 
cimditions were found that rewltcil in on1! ;i single 
ibogainc product. Although ‘I I:.\.\ pcrfiwmed 
,7dequatelv when used I?\ itwlf (<cc‘ abow). the 
addition of c;rt:ilvsPi such :IC pwiilinc ;ilso resulted 
in multiple ihc@ine adduct\ \;ith either I IFBA or 
TFAA as the dcrivati7ing agent. \$‘ith ‘I‘FAA. results 
also \wied consiiier:lblv 11 hen dcri\ ;itization time 
and temper-atui-e were- varied fioni the optimal 
conditions (60”. Xl min). (i<‘ u~riditioris (i.e. 
tcinpcratrircs of inlcty;. own . and transfer line) have 
also been optiiqizcd. For example. reduction qf the 
inlet temperature Iw ;I< little ;I< 20 cauceil :I dr;irbntic 
tlrop iii llcri\atiw ;w;ik ail’;i. Siniil;iiIy. the use of 
toluene 215 the injection VIII cnt ~~~~~duccd results 
supciicir to those icwnd nitli w\t.r;il otlicr solvents. 
Silllll~leS ShOUlll he ~IIl~ll!~7~ll 11) (;C‘- hlS ZIS SO011 ilS 
possihlc aftei- preparafion of the I F;\ ilcri\,ntives, 
since pcnk sizes of the products m;~rkedly decreased 
\!ithin 7-t hr of derivatiralion. 

Thcprcscnt iiietlii~d;ilsoc~ffci~~cli;il~lc~~ri;irilit;itive 
1.csrilts. ‘i’hc ileuter;itcil dei-i\:rri\e O-iC‘tl,]-il,ognine 
functions 3s an idcill internal stnnil:ird. since it 
fol med an ;m;iIocous ‘ITA ilct i\ ati\ c to that of 
ihpnine. in additLn. the pas clirc,in;itc,er;lpliic and 
nIiIss spccttml prlipeI tics of thr llcri\2iiVc closely 
rrscnilile those of TIT/I ilwptinc. ‘1 he linearity of 
tllr ilwgnine standard curw (Fig, -I) further sup- 
ports this conclusion. Standard curves constr-ucted 
presently are appropriate for niearuring ii wide range 
of tissue levels of ihognine. For other applications, 
it is possible to construct standard curves with smaller 
amounts of ilwgnine and internal st;indard (e.g. lo- 
IOOng. with 50 ng of internal st;ind;ird). Such a 
standard curve might improve the precision with 
which smaller amounts of drug could he measured. 
i’rcliminary results ;ilw 5iifgeqt th;rt the present 
methnd yields quantitati1.e nnal\ws of ihognine in 
plnwla and in other tissues bc&lcs brain. such as 
liver. kidney and fat. 

Because qu;intitatiw (iChiS method5 ilepend on 
the detection of specific coml~in;itions of ion 
ffilgUlentS in delined proportio11$ r1t exact gas 
cllloIii:ito~r~iplii~ rctcntion tinic\. Ihesc nieOiods are 
c~trnoriliii;ir-ill <;elccti\c ftli the \iIJwt;inc.cs Iwing 
IIIcilslllell. ‘l‘llllS. it i< unlikcl\, that ihogilitle 
mct;iMifes could bc nii~t;~kcrrl\ 1lcttYtcll >lS 
ihopinc in the piewit nicth~~il. in ccrntr:ist. 
~jlectrc)i~hotclnietric nictJiod\ 151 fn;ib riot have 
di~linp~i~hctl iho$:iinc 110111 il\ \III)\~o\\ ii nlc*t;il~c~litcs. 
I’ic’linliiiai! ilro$:iiiit* IL,\L.I\ iii 1TI:iiil II‘IJI~I~C~ licrr 




