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D ist r ibu t io n  o f Ibo ga in e  a n d No r ibo ga in e  in  a  Ma n

Fo llo w in g a  Po iso n in g In v o lv in g Ro o t  Ba r k o f the

Ta be r n a n the  ibo ga  Shr u

V io l e ta  Ko n t r im a v ii-io l e ’ A t
,  

O l iv ie r  M a thie u ) t
,  le a n Cl a u de  M a thie u Da ud ]

,  
Pa u l iu s  Va i n a u s ka s z

,

Thie r r y Ca spe r ’
,  

Er i c  Ba c c in o +
,  a n d Fr a n $o ise  M M Br e ss o l le ’ •

t c l in ic a l Pha r m z c o i ,  in e t ic  La bo r a to ry Fa c u tr r  o f Pha rm a c y U n iv e r s ity  M o n tpe l lie r  I Fr a n c e  ; 2 Depa r tr n e n t  o f  A n a ly t ic a l

a n d To x ic o \o gic a l Che m is t r y Ka u n a s U n i \  t r s i ty  o f M e d ic in e Fa c u l ty o f  Pha rm a c y ,  
Ka u n as Li thu a n ia  ; a n d

] To x ic o lo gy  U n it  a n d  4  D zpa r lm e n t  o f  Lega l M e d ic in e La pe w o n ie  H o sp it a l M o n tpe ll ie f Fra n c e

In  the  pr e m i  pape r
,  w e  n p o r t fo r  t he  l i n t  t im e  the  t isw e

d i s t r ib u t io n  o f  b o g r i n e  a n d n o r ibo ga in e the  m a in  m e t a bo l it e  o f
ibo ga i n e in  a  48 ye a r n ld Ca u c a s i a n  m a k w i t h a  Mst o r y o f  d r u g
a bu s e fo u n d ci t ad a t  hi s  ho m e  a l i e r  a  po is o n i n g in v n h i n g t he

i ngl i on o f  r o o t  b a r k f r o m  th e  sh t u b l a b e m an the  ibqgi tbo sa in e

a n d nor i bogi ne \  \  e r e  qu a n t i f ied i n  l in s t e s  a n d l l u ids u d n g a fu l ly
v a l id a t e d li qu id c h r o m a t o gr a phy e l e c t r o s p r a y m a s s  spe c l r o m e t r y
m t t ho d A p a r t  f r o m  c a r d ia c  l in u e ib o ga i n e  a n d n o r ibo ga in e  w e r e

id m t i6c d in  a ll  m a t r i c es im (e s t iga i ed Thc  highe st  c o n c en t r a t io n s

V  c m  la n d in  spk t n li v e t br a in a n d hm g The  t isw e l R t bc la v ia n

blo o d c o m e n t r a l io n  r a t io s  a w  Bed 1 78 3 75 1 16
,  a n d 4 64

fo r  ibo s* in e  a n d O A3 2 4 3 O 90 a n d 2 69 fo r  nor i bogi ne
In r  s p le e n Iin e r br a in a n d lu n »  r e s pe d iv e l y Ve r y  lo w

c o n c e n t r a t io n s  a f  the  t w o  dr u gs w e r e  fo u n d in  the  p r o s t a t ic
t i ssu e Bo th &  o ga in e  a n d n o r ibo ga in e  i r e  se c r e ted in  t he  bi le
a n d  c r o ss  t he  bl o o d br a in  ba n i t t Fo u r  o the r  c o m po u n ds  w e r e

d e t e c t e d in  m o s t  o f  t he  s t u d ie d m a l r i c t s O n e  o f  the m  u a s

ide n t i f ie d a s  i bogmi ne U n fo r t u n a t e ly w e  w e r e  n o t  a ble  to

po si t ine ly id m t i fy th e  o th e r t h r e e  c o m po u n ds  be c a u se  o f  th e

u n a v a i la bd i t r  o f  r e fe r m c e  su bs t a n c e s Tw o  o f  them  c o t dd po H ibly
be  a t l r ibu l e d t o  t he  fo uo w in g o \ ida t io n  pr o d u c t s :  ibo l u \ e in e  a n d
dt s m t t ho r yi bo \u r t i n e The  t hi rd c o m po u n d c m rl d be  i bogf me

In t r o du c t io n

lbo ga i n e  is  a  n a t u r a l ly  o c c u r r in g a lka lo id de r ir e d fr o m  the

r o o t s o f  the  r a i n  fo r e s t  sh r u b Ta b ‹  m a n l he  iboga The r o o t

ba r k ha s  bee n  u s ed fo r  c e n t u r ies  in  Wes t  Ce n t r a l Afr i ca  as  a

m e dic a l a n d c e r em o n ia l age n t  (1) The m a in  a lka lo ids in  the

r o o t  ba r k a r e  ibo ga i n e  ( 80% ) ibo ga l in e  ( 15%1,  
a n d

ibo ga m in e  ( 5%) (2) Man y o f these  a l ka lo ids  su ffer  fac i le

U M  » Hc m  c m n j m dc x e  H i rd  t t  r a sm w d Ti M M  h  F>a m n e c M # n

M w p :  n c t  & S F .  x e  E i l  l c 8 * 4 c m

’ V I& » m » ¢ N O  M n m  c o p M d p w  :  f » d \ .

au t o x ida t io n  t o  y ie ld 9 hyd r o xy 9H ibo gam in e de s met hor
bo lu t e in e ibo l u t ei n e ibo qu i n e

,  
a n d 9 hydr o x y 9H iboga in e

(3 ,  
4) I boi ne has  pr ev i o u s ly bee n  n po r t ed t o  ha v e  c e n t r a l

n er o u s  sys t em  (CNS) s t i m u la n t a m io  en ic an d hal l uc i

gen ie pr o pe r t ies  (5 7) Ibo ga in e ha s been  u sed i n  lo w  do se s  by
the in dige n o u s peo ple o f \  r es t e m  M ic a  to  c o m ba t  fa t igu e

,

hu n ge r an d th i r s t  a n d in  h ighe r  do se s as  a  sa c r a m en t  in  re

gio u s r i t u a l s The  u se  o f  ibo  a in e  fo r  t he  t r ea t m e n t  o f  dr u g 
pen den c e  ha s  be e n  ba sed o n  a n e c do t a l r epo r t s f r o m  Am e r i c an

an d Eu r o pe a n  a dd ic t  se l f he lp gr o u ps w h ich c la im  tha t  i t  

c r ea s e d the s ign s o f  o p ia t e w i thd r a w a l an d r e du c ed d r u g
c r a v in g fo r  co ca in e an d h e r o in  fo r  ex t e n ded t i m e  pe r io ds

(8 11) Al tho u gh ibo ga in e  ha s dini er se  effec t s o n  the CNS the

pha r m a c o logica l ta r ge ts  u n de r l)i n g th e ph) s io lo gic a l a n d p
c ho lo gic a l a c t io n s o f  ibo ga in e a r e n o t  c o m Fle te ly u n de r s t o o d
In  the  l ir er Ibo ga in e  u n de r go es des m e thy la t io n  by th e  a c t io n

o f  c yto ch r o m e P450 e n z j r n es  t o  its  p r in c ipa l m e tabo l i te no
boga in e o r  12 hydr o ¢ ibo ga m in e  (12) No r i t10 ga in e s p ha r

co lo gic a l pr o fi le  is  d iffe r e n t  fr o m  iboga in t s (1
,  
11 18) Ibo ga in e

is m o r e  po te n t  than  n o r ibo ga in e i n  bi n din g t o  th e N met h
D as pa r t ic  a c id r ec ept o r  in  br ai n  t is su e (11

,  
13) a n d as  a  st

u la t o r  o f t he hypo t ha la m i c pi tu i t a r y adr en a l ax is (13 15)
No r ibo ga in e is (i ) m u ch m o r e  po t e n t  tha n  iboga in e  fo r  bin di n g
t o  P o p io id r e c e p t o r  a n d i s  a  f u l l p  o p i o i d a go n i s t
(10 11 13 16 171 ; (i i ) m o r e  po t en t t ha n  ibo ga in e  i n  bin din g t o

s e r o t o n i n  t r a n spo r t e r  a n d in h ibi t in g r eu pta ke  o t  ser o to n in
(11 13 15 18) ; an d (i i i) m o r t  po t e n t  in  bin d in g t o  l ia ppa  1
a n d less po ten t  in  bin di n g t o  Kappa  2 o pio id r e c ept o r s Mo

O \  t r ibo D in e a n d n o r ibo ga in e n o ke \  r ry dil fer e n t  behav i o r a l
e ffec ts  (13 15) ; ibo gai n e  ca u ses t r e m o r s an d a t a x ia bu t no
bo ga in e  do es  n o t  113 14)

Phar m aco ki n e t ic  da t a  r e la t inE  t o  ibo gr in e  i n  h u m an s  a r e

l im it ed 110
,  
16) Fo l lo w :  in g s in gle  o r a l doses of  ibo ga in e {500 to

800 m g) to  in div idu al su bj e c t s M ax im u m  ibo ga in e an d no
bo B in e blo od c o n c en t r a t io n s o f 30 1250 n gh 1L an d 700 1200
n gh u L w t r e  obta in ed a pp r o x i m a t e ly 2 an d 5 h a ft e r  dr u g 
m i n is t r a t io n ,  r espe c t i \  t ly Th er ea fte r

,  
ibo  aan e  \  \  : a s  c lea r ed

r a pidly  fr o m  th e  blo od w h i le  n o r ibo  ‹  a in e co n c e n t r a tio n s 
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m a in e d high In de e d c o n ce n t r a t io n s o f n o r ibo ga in e m ea su r eda t  24 h po s tdo se  w e r e in  the r a n ge o f 300 800 n gl m L Thu s ,

m in is t r a t io n s fo r  t he t r ea t m e n t  o f dTUg depe n de n c e m ay bedu e in  pa r t  t o  t he  fo r m a t io n  o f n o r ibo ga i n e  (10
,  
16) Fr o mblo o d c o n c e n t r a t io n t i m e pr o fi le s o f ibo ga in e  pu bl ished by

state v o lu m e o f d is t r ibu t io n  u n c o r r ec t ed lo r  bio av a i labi l ityw as  abo u t  13 L/ kg a n d the  ha lf l ife o f the te r m in a l pa r t  o f thec u r v es w a s 4 7 h 1bo f a in e is a r estr ic ted s u bst an c e (po ssess io nis i l lega l) in  so m e  c o u n t r ies ,  
in c lu din g t he U S

,  
Sw it z e r la n d

,Den m a r k
,  
Sw ede n

,  
a n d Be lgiu m

So m e  an a ly t ic a l m e thods hav e bee n  pu bl ished t o  qu a n t i fyibo ga i n e  in  bio lo g ic a l m a t r ic es (19 27) ; m o s t  m e tho ds in v o lv e
a  de r iv a t i z a t io n  p r o c e du r e  be fo r e an a lys is Rec e n t ly l iqu id
c hr o m a t o g r a phy e l e c t r o sp r a y m ass spe c t r o m e t r y  (LC EMS) m e t ho ds w e r e  de v e lo ped i n  o u r  la bo r a to ry fo r  the  s i mta n eo u s  qu a n t i ta t io n  o f  ibo ga in e a n d n o r ibo ga in e in  hu m a n
p la s m a

,  w ho le  b lo o d a n d u r in e (28 29) In  t hes e pa pe r s
,  te n s iv e s ta b i l i ty t e s t in g w a s u n de r t a ke n  u s in g a  w ide  r a n ge  o f

s to r age c o n di t io n s Thes e m e tho ds w er e va l ida t ed a c c o r din g to
v a l ida t i o n  Pr o c e du r e s pa r a m e t e r s a n d a c c e p ta n c e c r i t e r iabas ed o n  the Un i t e d Sta tes Pha r m a c o po e ia XXI LL gu ide l in es
a n d Fo o d a n d D r u g Adm i n is t r a t io n  gu i da n c e Mo r e o v e rLC MS a n d LC MS MS based pr oc edu r es a r e  v ery sen s iti v e  to
m a t r i x  e ffe c ts T he  abse n c e o f  io n  s u ppr ess io n  w a s d e m
s t r a t e d by  the m e t h o d o f Ma t u sz e w sk i e t  a l (30)

I n  t he  p r esen t  pa p e r w e  r e po r t  fo r  the fi r s t  t i m e the t issu edis t r ibu t io n  o f bo t h ibo ga in e a n d n o r ibo ga in e in  a  m a n  ftow in g a n  in to x ic a t io n  in v o lv i n g po w de r ed r o o t  ba r k o f  thef a bem a n lhe  ibo ga  s h r u b The dev e lo pe d LC MS m e tho ds
w er e  fo u n d acc u r a t e  t o  qu an t i ly ibo ga in e a n d n o r ibo ga i n e  in
t iss u e s

,  
bi le

,  st o m a c h c o n t e n ts
,  

bloo d
,  an d u r in e Mo r eo v e r

u n de r  t he  sa m e c h r o m a to gr a ph ic  c o n dit io n s fo u r  o the r  c
p o u n ds  w e r e de t e c t ed On e  o f them  has  be e n  ide n t i f ie d asibo ga m i n e : tw o  c o m po u n ds c o u ld po ss ibly be  a t t r ibu t ed t o
desm e tho xy ibo lu t e in e a n d ibo lu t e in e o x ida t io n  p r o du c t s p
se n t  in  the r o o t  o f  the  sh r u b

,  
Ta bem a n rhe  ibo ga  (3 4) a n d the

last  c o m po u n d c o u ld po ssibly be ibo ga l in e Bu t  becau se o f  th e
u n av a i la b i l i ty o f  r e fe r e n c e s u bs ta n c es  fo r  th es e  th r e e c
po u n ds

,  
t he i r  s t r u c t u r es  w er e n o t  co n fi r m ed We w e r e  u n a ble

to  o bta i n  sta n da r ds o f  these s u bsta n c es

The t im e o f dea th (es t im a te d fr o m  l iv o r  m o r t is
,  r igo r  m o r t is

,

a n d body t em pe r a tu r e ) w as  6 t o  12 h ea r l ie r The a u to psy p

fo r m ed abo u t  48 h la te r
,  

an d h is to pa tho logy ex a m in a t io n  o f 
Ra n s a n d t issu e s s how ed m a s s iv e p u l m o n a r y e de m a w i t h
hem o r r hagic  a lv eo l i t is an d v asc u la r  c o n ges t io n

,  c o n s is t e n t
w i th a  dr u g o v e r do se No  o t he r  ca u se o f  n a tu r a l dea th w a s
fo u n d At  t he  t im e o f the a u to psy po iso n in f  th r o u gh the 

ges t io n  o f dr u gs o r  pla n ts be in g the m a in  hypo t hes is ,  w e c
lec t ed blo o d fr o m  the  fe m o ra l v e in  a n d fr o m  th e i n fe r io r  v e n a

cav a
,  

u r in e ,  st o m ach co n ten ts bi le
,  a n d t issu es The v ia ls (w ith

a n d w itho u t  so d iu m  nu o r ide ) w e r e  kep t  a t  4 °  C u n t i l t ox i
lo gic a l a n a lys is

,  
w h ic h w as c a r r ie d o u t  w i t h in  o n e  w e ek

I t  e m e r ged fr o m  thc  po l ic e  i n v es t iqa t io n  tha t  a  m a n  or i
n a t in g fr o m  Gabo n  (Af r ic a ) w as  pr e s e n t  a t  th e  sc e n e  du r in g the
days p r e c edin g t he  dis c o v e r y o f t he  bo dy He is  s u spec t e d o f
ha v in g p r o v ided the dec ea se d w i th po w de r ed r o o t  ba r k o f  the
?zrbem a n rl)e  ibo go  sh r u b

,  
w hic h w as  m ix ed w i th sw e e t  c

c e n t r a ted m i lk be fo r e  in ges t io n Ov e r  a pp r o x im a te ly 10 h
,  

the
v ic t im  w o u ld ha v e c o n su m ed in  the r e gio n  o f  18 so u p spo o n s
o f  the m ix t u r e Ac c o r din g t o  t he s ta te m en t o f  t he  Ga bo n es e
m a n

,  
the  v ic t im  ex h ibi ted r e s p i r a to ry p r o blem s ,  

di ffic u lt ies in
w a lkin g,  v o m i t in g,  an d v is u a l ha l lu c in a t io n s fo l lo w in g i ng
t io n  o f the r o o t ba r k As  a r es u lt  o f the po l ic e  in v es t iga t io n  a n d
fo r en s ic  da ta

,  
it  w a s  c o n c lu ded tha t  dea th o c c u r r e d app r o

m a t ely 53 h a fte r  the las t  in ta ke o f  the m ix tu r e

M a te r ia ls a n d M e tho ds

Ca se  Re po r t

A 48 yea r o ld Ca u cas ian  m a le w i th a his to ry o f  dr u g abu se

w as fo u n d dea d a t  h is ho m e Differ e n t  o bje c ts a n d bu r n
o u t  pa r ts  o f p la n ts  fo u n d a t  the dea t h sce n e su gges ted tha t
so m e  s o r t o f e so te r ic  r i tu a l m ay ha v e  ta ke n  p la c e r ec e n t ly
Bu pr e n o r phin e  ta ble ts (0 4 m g) as w e l l as  a  r ec e n t pr es cr
t io n ,  w e r e fo u n d a t  the  sc en e

,  
bu t o n ly o n e  t able t w as  m iss in g

Can n abis r es in  w a s a lso  pr esen t A do c u m en t  s ign ed by the 

c ea sed
,  r e l iev in g M r R o f  a l l r espo n s ibi l ity  in  ca se o f an y 

ve r se e ffec t s du e t o  the dec eden t s u se o f iboga ,  
w as a lso fo u n d

a t the  s c e n e

Blo o d w as co l lec t ed fr o m  the su bc lav ia n  v e in  a t  the sce n e

Re a ge n ts

lbo ga in e hydr o chlo r ide (m o lec u lar  w e ight
,  
346 9),  f l uor

c e in  so diu m  sa l t  (in t e r n a l s ta n da r d),  a n d t r i flu o r o a c e t ic  a c id
(TFA) w e r e  pu r c ha s ed fr o m  Sigm a (St Lo u is

,  MO) Sm a l l
a m o u n ts  o f  ibo ¢a m in e w e r e  de t e c t e d in  t he i bo ga i n e d r o chlo r ide po w de r  ( 2 3%) This c o m po u n d w as  c ha r ac tiz ed by LC MS

,  a n d i ts  s t r u c t u r e w as c o n fi r m ed by I H NMR(da ta n o t sho w n ) No r ibo ga in e bas e (m o lec u la r  w e ight
,  
296 4)

w as k in dly s u ppl ied by Re fo r m  I ta l ia  (En din e
,  

I ta ly i Ibo ga in e
a n d n o r ibo ga in e w e r e  s t o r ed a n d p r o t ec t ed fr o m  l ight a t  rt i n e  r o o m  t em pe r a tu r e (20 °  C) I l igh pe r fo r m a n ce l iqu id ch
m a t o gr a phy gr ade  a c e to n i t r i le

,  m e tha n o l a n d a c e t ic  a c id w e r e
o bta in ed fr o m  Ca r lo  Er ba  (Va l  de Re u i l

,  
Fr a n c e ) The fo r m a tebu ffe r  so l u t io n  (p l1 3) c o n s is t e d o f  a m m o n iu m  fo r m a t e (126

my L ) in  pu r i fied w a t e r Ult r a pu r e w a t e r  w a s u s ed (Mil l i Q 
v ice Mill ipo r e

,  
Bedfo r d

,  
MA) So l id pha s e  ex t r a c t io n  (SPE)

c o lu m n s co n ta in in g 30 m g hydr o ph i l ic / l ipo ph i l ic  ba la n c e  
v e r s ed pha s e so r be n t  (N v i n y lpy r r o l ido n e / d iv i n ybe n z e n e
c o po lym e r Oas is  H LB c a r t r idges

,  
30 p m  av e r a ge  pa r t i c le di  

a m e ter ) w e r e  pu r chased fr o m  Wa te r s (Sa in t Qu en t in
,  
Fr a n c e)The  v ac u u m  m a n i fo ld u sed fo r  SPE w as  a  Va c  Elu t 20 e  fr o mVa r ia n  (Le s Ul is Fr a n c e)

Fo r  the pr epa r a t io n  o f ca l ibr a t io n  c u r ve s ta n da r ds  an d qu a l ity
c o n t r o l (qc ) sam ples

,  w ho le bloo d a n d plas m a w e r e o bta in ed
fr o m  po o led sa m ples co l lec ted fr o m  hea lthy v o lu n t ee r s n o t  u n   
dergo in g dr u g the r a py (Etabl issem en t  Fr a n ra is du  san g,  Mo
pe l t i e r

,  
Fr a n c e ) Co a gu l a t i o n  w a s  p r ev e n t e d by a ddin g

EDTA so diu m  sa lt The blo od w as  c en t r ifu ged a t  2000 × g  fo r  10
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