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The structura l rel ationshi ps bet wee n psi locin , it s
isomer bu foten ine , a nd t he neu ro t ra nsm itter serotonin
are we ll-kn own . Thc st ruc t u ral sim ila rity is t ho ught to
be int ima t ely involved in the ac t io n of psi lo c in as a n
hall ucino ge n when t he bra in seroto n in is overw he lmed
by a flo o d o f psil o ci n , a lt ho ugh t his m ech anism is no t
ye t u nderstoo d in detai l o n t he mol ecular lev e l. It is well
to rc mc mber , howeve r , t ha t sc ro t o n in has impo rtant
per ip heral nervous system effects as well as its effec ts in
t he br a in a nd was , in fac t, f irst detected a nd isol ated
fr o m t hc o bs ervat io n o f it s effect in co nst ric ti ng t he
blood vessel s ( a n effe ct noted by Ludwig as earl y as
18 68 a nd st ud ied by Ersparmer from 1930 o n) .

When bl o od clot s, a po t ent vasoconst r ic to r pa sse s
fro m t he d is in tegrating platelet s int o the se ru m a nd
helps to rcstr icr b leed ing fro m sm all vessel s before th ey
are closed by clot s. Ersp armer named th e e lusi ve
princip le with these pro pert ies " cn tc rarn inc" in 19 30 ,
bu t th e cred it for pursuing a n d isol a ting t h is fa ctor a s a
crys ta lline c he m ica l goes to Maurice Rapport, Arda
Alde n C rec n a nd Irvin Page at t he Cleveland Cli ni c in
1948 . l lc nce we know t his factor by the name Rappo rt
gave it , seroton in, reveal ing it s pro ven ance , bl ood se ru m,
a nd it s ph ysio lo gical fu nctio n , m ain tenan ce of the to ne
of t he b lood vessel wa lls . On t he basis of che m ica l
c haracteri zat io n a nd elem e n ta l a naly sis , Rappo rt quick ly
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propo sed the correc t structure for se ro to ni n , a t fi rst a
5-h y dro xyindo lc wit h a 118 NO side cha in , re fined t o
C2 11 6 N + H 20, by re co gn it io n th at sero ton in cr ystalli zes
w ith a molecu le o f wat er , a nd by Rappo rt 's buncb th at
t he re ma in ing C2 116 N wo u ld be a n e t hyl a mi nc s id e c ha in
( Ra ppo rt 1949 ), " by a na lo gy to t hos e com pou nds
k nown to exert suc h powe rful p harmaco logica l effec t,"
suc h as e p ine phr ine (ad re na line) a nd m escal in e . Rap-
port 's hunch was pr o ved hy t he un ambigu ous sy n t hes is
of seroto n in hy Spect er and co wo rk e rs a t the Upjo h n
Ph arrnaccut ical Co . in Kalamazo o , Michigan in 19 5 1.
Subsequent re search a t Upjohn led to o ne o f th e maj o r
ro u tes fo r sy nt he sis o f try pta mincs, in cl ud ing DMT : t he
Spe c te r a nd Antho ny oxa ly l c h lo r ide rout e in 195 3.

In t hc ea r ly 1950s de te c ti on a nd wet che m ica l
ana lyt ica l tec hn iq ues were de vel oped fo r seroton in ba sed
both o n it s being a n indole a nd o n the presence o f a
ph e no lic gro u p . Many st u d ies a ppea red on spec ies a nd
orga n d ist ribu ti on of seroto ni n , in clud ing t he fir st report
of it s occur rcr-ce in mammal ian b rai n in 195 3. One o f
th e firs t suggestio ns tha t sero t o n in m ight pl ay a rule in
t he br a in was pu t fo rwa rd in 195 4 b y Wooll e y a nd Sh aw
of the Rockefelle r Inst it ut c , This ten t at ive co ncl usio n
was based o n a study of a var iet v of Llll t i-se ro t o n ins
(Woolle y & Shaw 1954) .

Thus ergo t alk alo id s, harmal a a lka lo ids a nd
yo h im b ine fu nc ti o n III smoo th m uscl e as
a nt i-met abo lites of serotoni n . These na t ur al
drugs are stru cturall y re lated , ca ch III a
di ff er ent wa y to sero to n in . Among eac h o f
these class es o f co m pou n ds a re su bs ta nces th at

Vol. 11 (1 -2 ) j a n-j u n , 197 9



CHILTON , BIG WOOD & J ENSEN

ca use me n ta l a berra t io ns . .. LSD , har m a lin e ,
vn hi m b inr . . . a rc suc h re prescnt a t ivc s . The
demonst rat ed a b il it y of suc h age nt s to a n tago-
n ize t he fu n ct io n o f ser o to n in in the s moot h
m u sc le , a n d t he f in d ing of sero t o n in in t h e
brai n sugges t m ent al c ha nges ca us e d by th e
d ru gs arc a resul t of a se roto n in defic ie n cy
w h ich t hey in d u ce in t he bra in .
Bu fo tenine , t he d im eth yl de riv at ive of t h e neuro-

t ra ns mitt er sero to n in, was iso lated as a p u re ch emical b y
l la ndovsk v 30 ye a rs befo re se ro t o n in as o ne of t h e
m inor co m pone n ts of a tox ic scc rc t io n of t he t o ad
( l la ndo vskv 19 2 0 ) . T he secret ion is a co m p le x mi x tu re
o f su bsta nces , cach with it s o w n ph v siol ogica l cffcc t , but
it s major le t hal cffec ts a rc asc ri be d to d ig it a lis-lik e
ca rd io to x ins . The toad 's wa r t y po iso n g la nds a rc fo u nd
beh ind eac h ca r. The ce lls of t he gl ands develop to
cnor mo us Size , t he ir e rn ire pl asm beco ming t he
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Figure I . C h inese toad from Pcn-t suo Ka ng-Mu
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se cr e t io n . Wh en t h e poi son is di scha rged, o ne of t he
surrou nd ing u n dev el o pe d gla nds gro ws to re p lace t h e
di sch a rged gla nd . The secretion ca n be co llec t ed by
squ eez ing the paro t id glan d w it h force ps, ca tc h ing the
se cret io n as it spurt s o u t in a la rge bow l he ld inverted
o ver th e to a d . It qu ick ly dr ies in a ir to fo r m har d, brittle
y el lo w sca les . Admin is t ra t ion of hi gh ly di lut e d toad
to xin by inj e ct ion int o a n ima ls ca uses slo wi ng o f t he
hea rt unti l it co m es t o a com p le te s top In t he
co n t ra c t ro n ph a se . Many sc ien t is t s no t ed in t he 19 th
ce nt ury the s im ila r it y 111 a ct io n of to ad secretio n a nd
d ig it al is .

The disco verv of the t o x ic it v o f to ad se cret io n
proba lily o cc ur red 111 p reh isto r ic t imes in th e m aj or
co n t ine n ts where toa ds lin ' . j uvc na l ( 6 0 -128 A .D. )
de scri bed t he u sc of t oa ds hy Ro rn a n po iso ne rs . The
Chi nese p ha r ma co po e ia l'rn-tsao k <1l1g-1/11l descr ib es a
dr ugs, cha n su ( = J apanese scnso ). p re pa red fro m d r ied
toa d sk ins ( F igu re 1 ). T o a d dr ugs a rc co nta in e d in th e
Eu ro pea n phar m aco po e ias, 'l'IJ<'S <1 l1r IlS l'b.nmak ologict:»
b y J ohannes Schro d er ( Le y de n , 1 ( 7 2 ), l ' IJ<1 I'11 I' IO i/og ;' l
b y Samu el Da le ( Lo n do n, 1( 9 2 ) a nd in '1'11(' l.o n .io n
I J;sp l ' l l s' l/ o ry h y Will ia m Sal mon ( Lo nd o n , 1 7( 2 ).
Pre pa ra t io n s were re comm e nded for d ropsv , feve r a nd
in co nt in cncc o f urin e . Micha el Et mull e r. p ro fe ssor of
medi c ine at Le ip zig , re co rded abo u t 1 6 70 w ha t wa s
cert a in ly not a n e w o bservat io n : " liv ing to ad s a roused to
the point o f fu ry arc venomou s, bu t fo u nd d ead , t hey
arc cn r irc lv devoid o f po ison ." li e wa s undo u bt edl y
referrin g t o t he p res ence or a hscn c« o f th e to x ic su rfa ce
secret io n. This w idesprea d k n owle dge in th e Old World
is pro ha h ly t he ba sis o n wh ic h t he Tal nrud di ff ere ntia tes
t hc t o a d ' f ro m the fro g an d classes it wi th t hc a n ima ls
who se tou ch co nta m ina tes - a bel ief t ha t pers ist s to day
III Euro pe an cul tu res .

l .a ccrdo de Fil lw re po rt e d (A be l &. I\ \ ac h t 191 1-1 2 )
111 18 7 8 th a t na t ives o f t he Ama zon m a d e a n a rro w
po iso n fro m the g ia n t to ad li ll / o ' lg ll' l " w ho se ve nom it
wo uld be wort hwhil c s t ud y ing . " Pagens t ech e r in 1906
cit ed usc of a toad arro w poi son h y t he CllO CO Ind ia ns o f
Col ombia w h ic h was prepa red by heat ing a t o a d in a
bamboo l u be over a fire (Abe l &. 1\ \a c h t 19 1 1-12 ) . " T he
toa d soon beco mes co vered w ith a yell o w jui ce wh ich is
co llec te d in s m all po t s in whi ch it gra d ua lly a cq u ir es th e
co nsistency of curn rc. " The toa ds a rc a pp a re n tly no t
kille d in t he p ro cess s ince Pagens t ec he r states th at a
furt he r su p ply o f poi son ca n he o bt ai ned fro m toa ds
t h us t rea ted . " T he poiso n is sm ea re d o nto th e ti ps of
a rro ws w hi ch a rc sho t in to ga me fro m b lo w ing
t u bes . . . a ja gu a r is ki lle d hy a po isoned arro w in fro m 4
to 8 mi nutes."

Eur o pea n po iso nc rs ' reci pe s fo r cx t ra ct ing to x in
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survive fro m t he 16th ce n t ury ( Le wi n 1920 ): " P lan : a
to ad in a sa ck w it h a little sa lt a nd shake wel l. Usc t he
sa lt for gi\' ing to men ." Suc h sa lt w as re co m me nd ed by
It ali an pOison er s fo r slo w , chro n ic p o isonings. A
m od if ica ti on of this p ro cedure wa s use d to put toad
tox in o n ca n no n shot a nd t o t ox if y sa l t pete r u sed in
m aki ng gu n po wd er. Su ch sho t wa s used a t t he sc igc o f
C roningen in 16 72 where it wa s, doubtless , co m p let e ly
in effe cti ve .

The toa d se cr et io n IS a co m plex mi xture of
neu rotransmitt er s a nd ca rdi o t o x ins . The more drama t ic
let ha l effe cts a rc certa in ly due to non-alkal o id a l,
di git ali s-li ke , dien ol idc cardio i o xi ns , wh o se di sco very
a nd c he m ist ry have bee n o u tline d by Dculo feu ( 19 48 ).
The presenc e of nit rog en ous a lk a lo id s re lat ed to
ma m ma lia n hormones was sus pected a t th e bcginn in g of
t hc 2 0 t h ce n t ur y. Va so co nstr icting effec ts of di luted
to ad secr e ti on pl aced in the eye we re not ed b y A be l a nd
Macht (19 11-12) a t J ohns Hopkins. J ohn Abel had bee n
testin g th e to xi c it y o f synt heti c d yes wi th a number o f
ex peri ment a l a n im a ls including th e t ropi cal Ameri can
toa d fi u!i) llg U ll .

Whi le en gag e d in th is st udy o ur inte rest wa s
a ro used by t he mil k y secre t io n w hic h ex u de d
fro m it s paro t id gla n ds whe n th e a ni m a l is
grea tly irr it ated . Sc rap in g o ff . . . t he se c re t io n
wit h a kni fe , we were stru ck b y the blui sh -gr ee n
di scol ora t ion wh ich ap pe a re d on t hc bl ad e . Th is
le d us t o test the se cre t io n w ith fe rric ch lo ride.

The co lo r rea ct io n wi th fer ric ch lo r ide le d Abel to
sus pe c t t hat " we were de al ing w ith a su bs t a n ce wh ich is
Ide n t ica l w it h t he su p ra rena l p rin c ip le ." Abel had earl ier
(18 9 7 ) iso lated the a lka lo ida l vaso constri ct inp pr in ciple
of t he su pra rc na l or a d re na l gla nd of sheep , whi ch he
named epinc phr inc.:'

T he A ustri an che m ist l I.mdo vskv re exam ined fr esh
to xi n a t t he Un ive rs it y of Pragu e du r in g Worl d War I. Il l'
iso la te d a fu rt her cr ys ta ll ine a lk a lo id from toa d secre t io n
to whi ch he gav e the name bu fo t enine , a name firs t
sugges ted b y t he Frenc h sci entis ts Ph isalix a n d Bertra nd
in 18 9 3. l la n dovsk y fo u n d t ha t he could produce a n
inte ns e carmi ne re d co lor o n a pine splin t by dipping t he
splin t first in to a so lu t io n of the new a lka lo id a nd th en
into co ncent ra t e d hydro chl ori c ac id . Th is t est IS
esse nt ia llv the e qu iva le n t o f t he m ore fr cq uen rlv used
Eh rl ich tes t fo r indo\cs a nd pvrrol es . Becau se o f
d if f icul ti es in o b ta in ing a ccur a t e el emen t al a na lys es for
bu fot enine, l la ndo vsk v t ho ug h t he h ad isol at ed a
py rrol c ra t he r t ha n a n indole. It wa s not until 19 34 th a t
l lc in r ic h Wieland 's lab III Munich sho wed th a t
bu fo t enine is a ct ua lly a n indole a nd pr opo sed t he
co r re c t st r u c t u re , whi ch To shi o l Io sh ino co n firmed two
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vea rs la ter by sy n t hes is in T o kyo .
Ea rly ph armacol o gi cal t es t in g of bu fo te n ine wa s

limit ed by th e sma ll su p ply a vai la b le eit her b y isolat io n
o r sy nt hes is , as well as b y ex per imen ters ' p reo ccu pa t io n
with it s demon stra ted e ffects in ra is ing b lo o d p ressure .
Thus ex pe rime nt s suc h as l lan d ovsk y' s , carr ie d o ut on
de capi t at ed ca ts, wer e specifically de s igned to prcclud«
o bs erva t ion of any ce n t ra l nervo u s system e ffects .

The re cog n it io n , beginning abo u t 195 3 , t hat th e
u nrner hvl a rc d a na log of bu fo te n in e , serot o ni n, IS
p robabl y a na tu ral ce n t ra l nervou s syste m ne u ro t ra ns-
mitter invol ved in t he me c han ism o f act io n o f LSD a nd
t he iso la tio n of bufo t e ni n e (a lo ng wit h 1),\\ '1') in t he
sa me yea r fro m t he hallu c inoge n ic sn uff co ho ba ,
indi ca ted t he des irab ilit y o f tes t ing b u fo te n in e for
ce n t ra l ne rvous sys t e m effects in ma n . Seve ra l o f th ese
test s in ma n had been co m ple t e d hv t h e t ime Al be rt
Il o fm ann d isclo sed t ha t t he pote nt h a llu c ino gen ps ilo cin
is a n isomer of bu fot en in e , So m e of t he ca rlv work .
whi le re port ing ra t he r s im ila r o bserva t io ns o f t he e ffe ct
of b u fo te n in e in humans, ca rne to co n fl ict ing co n-
cl us io ns a bo u t t he ce n tra l nervou s sy ste m e ff ects o f th is
in do le. In 1955 bu fo t enine was a d m in istere d bv
in t ra ve no us in jec t io n in increas ing d oses , up to 16 mg. to
p ri so ne rs a t Ohio St a te Pen it en ti a ry u nd er t he
su per v isio n of Fabi ng a n d Il a wkins ( 19 5 6) . A t t he
h igh est do se t he su b ject 's fa ce t u rne d a livid purple a nd
he ex pe r ie n ce d a ge nera lize d tin glin g o f th e bo d y .
Du rin g t he t h ird m inut e he vom it ed. " A t t ha t t ime he
saw red spo ts passin g before hi s eyes a nd red-pu rp le
spo ts o n t he fl oor , a n d the flo o r see me d very close t o h is
fac e . Within t wo minut es th ese visua l ph en o m en a we re
go ne , but t he y were repl aced b y a yello w ha ze , as if h e
wer e look in g through a ye llo w len s f ilte r ." The su bject 's
fa ce , w h ic h was de scribed as havin g th e un ique p urp le
h ue of a n eggp la n t , retu rn ed to it s no rmal co lor at t he
e nd of a n hour . Based o n t h is vc rv lim it e d o bserva ti on
Fabiug a n d Hawkin s co m me n ted t hat b u fo te n in e's
effe cts a rc remini sc ent o f LSD a nd mescal in e , a nd Li ter
refc r re d t o the hallu cinogen ic e ffe cts o f bu fo te n in e.

Dr. Il arr is S. Isbell a t t he Pu bli c Hca lth Ser vice
Il o spit al in Le xingt on , Kentuck y ex pe r imented wit h
bufot en in e as a snu ff. Ill' re po rt e d (T u rner & ,\ Ier lis
195 9 ) in 195 6, " no subj e ctive or o bject ive effects were
o bserved after spray ing w ith as mu ch as 40 m g
bu fot enine ." Ho weve r su bje cts w ho recei ved 10-1 2 m g
inje cted intramuscul arl y re po rted " el e me n ts of visual
hall u cinations co ns ist ing of a pl av of co lo rs, ligh ts a n d
patt ern s," Turner an d Mcr li» (19 59 ) ex pe rime nted w it h
in t rave no us injection of bu fot en in e in to sch izo p h re nics
a t a New York sta te hosp it a l. The y re po rt ed th a t wh e n
t he su bjec t re cei ve d 10 m g du r in g a 5U-se cond in t erva l,
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Figure 2, rel ationships between psilocin, harmaline and sero ton in .
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ra dioart ive tryptam ine, meaning that try p ta m ine is not
on t he b io synt lu-t ic pathway to seroto nin (Figure 2) in
t he ma rn mals st ud ied .

Th e o bserva t io n of th e N II I sh ift In both
try pto ph an hydroxyl ation a nd phenyl ala nine hyd roxy-
latio n led im me d iately to th e pl au sible hypoth esis th at
en zymat ic oxidat io n by a ir oxygen produ ces firs t an
epox ide, too unst able to isolat e or observe di rectlv . The
idea wa s not enti rel y new : Bo yla nd had p roposed in
19 50 tha t cpux ides were invo lved in th c firs t st cp of
biol ogical ox id .u ion of pol ynu cle ar aroma tic hyd ro -
ca rb o ns, The N II I Shi ft - Epox idr T heory has been
parti cu lar ly fr u itful sincc 19 66 in understanding the
mc ch an isrn of poly nuc lear aro rna t ic hyd rocarb on car-
cinogen ic ity o n t he molecu lar level. Tryptophan-4 ,5-
cpoxidc , implicated in t he oxid ation of tryptophan to
5-h \'( lro xytry pto ph an is not ex pec te d to be sufficientl y
st able fo r iso la t io n , no r has a ny o t her indol c-cp o x ide ye t
lx-cn sy nt hesiznl or dct cc t cd d irect Iy ill situ . If su ch a
tr vpto ph au -cpo x id c co u ld be prcpar cd in the laboratory ,
it wou ld lx- ex pected to have o nly a very short lifet ime ,
open ing spo n ta neo usly to eit her -l-h vd rox yt rypt o ph an , a
po ten t ial pre cu rso r:' to th e -l-hy dro xy t rypt am inc se rie s
( ps iloc in, psil o ey bin , baco cy st in ) or to t he S-h vdro x y
series, sero t onin a nd bufotenine . The re fo re t he quest io n
logica lly a ri ses : is a 4 ,5 -cpo xide a co mmo n in termediate
lead ing to t he -I-hy droxyt ryp t arn in cs a nd to th e
5-hydroxy t ryptamines in a ny organ ism? The qu esti on is
pa rt icu lar lv pe rt incnt for those spe c ies and ge nera which
pro du ce bot h -l-hydro xy- a nd 5 -hy droxytrypt amines
t ogether .

Brack a nd Ho fm ann sho we d in their or igi nal wo rk
o n psil o c in a nd psilocyb in in 19 58 t hat radio ac t ive
t rvpt o phan is incorporat ed int o these co m pou nds by
cu ltures of l 'silocy l»: scniprrvi r.: ( Hofma nn ct a l. 195 9 ).
In 19 67 I.eung a nd Paul a t the Un iversity of Michigan
sh owed (h at inco m ple t ely methyl ated psi lo cvbin s
(haco cvs t in, no rhaco cvst in ) a re p rese nt in Psilo cyb«
buco cvs: is myeel ia ( Ix u ng & Paul 19 68 ). Thi s
observatio n has sincc bee n ex ten de d to t he act ua l
mushrooms of sev era ! o t her species, including I ' ,
cu beusis on wh ich our work was ca rr ied o u t . Detection
of inco m plet e ly methyl at ed psil ocyb in s sugg es ts, but
docs not prm'e, th at methy lat io n mi ght occ u r as t he last
st e p in b io sy nthesis o f ps ilo cvh in .

T he re mai ni ng work o n psilo cybin b io synthesis was
re ported in 19 68 by Stig Agurell and J ,I..C . Ni lsso n at
t he Ro v nl Ph a rma cc u t ica l Institute in St o ckholm, Th ey
grew l 'silo cy hr cubcn sis myceli a in water containing
labeled try pto pha n a nd tryptamine o f kno wn spec if ic
rad ioa ct ivi tv . Th ey iso lated ps ilo cybin fro m t he my celi a
an d me asured it s spec ifi c ra dioact ivity . From these

[ o uru al of I'sy cl.>t'dl'l ic IJrllgs 66

PSILOCIN, B UFOTENINE & SEROT ON I N

measurements rhcv were a ble t o cal cu la te ho w m uch th e
hypo thet ical p re cur sor in t he d iet was dil u ted a lo ng th e
biosynt hc t ic stream leadi ng to ps ilo cyb in , Th e id ea is t he
further "u pstream" th e hypo th et ical intermediate, the
gre ater w ill be it s d ilut io n a t the downstream , pro duc t
end . By t his cr it er io n try pt a m ine ( d ilu t io n 33 : I ) ap pears
clo ser to psil o cybin t ha n docs try pto phan (dilut io n
1 32 : 1) . -l-Hydroxvt ry p to pha n (d ilu t io n ma rl' th a n
500 : 1) a ppea rs to be a part icu la rly poor p recurso r. Sin ce
-l-h yd ro xy t ry p to ph an is not o n the bio syn thet ic st ream
leading to psil o cyb in , t he re is a forma l d ive rge nce from
the mammalia n b io syn t he t ic route to seroton in ( F igure
2 ) at a n earl y sta ge, namely III the mush ro om
dc carbo xyl a ti on to tryptamine precedes hyd rox yl a t ion ,
in t he mammal hydro xyl ati on pre cedes decarbo xyl ati on .

We have investigated the b io synthesis of psil o c in in
a strain o f Psilo cyhc cu bcusis fro m t he Amazo n valley,
cm ployi ng the non-rad io act ive deu t e r iu m label. Ex peri-
ment s we re carr ied o u t to find the sma lles t size c u lt u re
wh ich wo uld re liabl y p ro d uce mu sh ro oms in order t o
maint a in a high co ncen t rat io n of dc utera te d compounds
with out having to usc a large amoun t of label ed
co m po unds . Although mushro oms were o btai ne d o n as
little as 17 gra ins of rye , a more relia b le fr uiti ng mass
was obta ined o n mi ni cu lt u rcs o f 109 rye gr a in in 15 g
wa te r. Two week s aft e r ino culation th e minicul tu res
( Figu re 3) were cased with vermi cul it e , peat m oss , sa nd
a nd c rushe d oyster shel l. Frui ting o ccurred five to six
weeks after inocul at ion ( Figu re 4 ). T he yield of
m ush ro oms ( F igu re 5) ap pea re d relat ivel y un a ffec ted b y
ad d it io n o f up to 100 mg of trypt amin e to 10 g o f rye
gra in . Minicultu res co nt inu e d to pro du ce mu sh roo ms for
up to 20 weeks , a nd a ve rage min icultu rcs pro du ced a
tot a l of 2.7 g dry we ight of m ushrooms. Min iculru rcs
ac t u ally produ ced a higher y ie ld of mu sh rooms per g o f
rye grain t ha n d id large r scale cu lt ures ,

Using t he min icul t urc t ech nique we fo und t hat a
wid e ran ge o f t ry pt a rn incs, incl u d ing t he unn a tu ral
su bs tra tes d ic t hylt rypt a minc ( DET) and a lp ha -m e t hy l-
tr ypt ami ne (AMT), were re adi ly absorbe d b y t he
my cel ia a nd trans located in to developing m ushrooms.
We no t ed t hat dc utera tcd try pt am ine was inco rpora te d
more effic ie nt ly into psilo cin a nd psilo cybi n th an we re
rnonomct hyl t rypt uminc (MMT) or di met hy lt ry pt am ine
( DMT ) , Bo th of t he la tt e r two we re incorporated ,
ho weve r, w it ho u t pr io r deme th yla tio n t o try p t am ine .
Th is su ggest s th at t he hy d ro xyl a tion enzy me o pera te s
normall y on tryptamine , bu t may be sufficien t ly fle xible
to oxidi ze dimethy ltry p tamine o r o t her un na tural
subs tra t es fo r ced on it at high co ncent ra tion . T he
hydro xyl ati on of dimethyl tryp t amine in min icultures to
give psilocin wa s o bserved to occ ur w ith N l l l sh ift. T hu s
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Figu n : 3 . Dosing minicultu re with
deuterium-labeled tryptamine solu tion .

FiKure 4<1. F ruit ing miniculr urc.

Days after Inoculation

/ ;iKure 4/>. Fruiting rninicult ure wi t h
ca sing and container re mo ved .

15 20 25 30 35 40 45 50 55 60

100 mg
DMT

50 mg DMT

Total yield =
1.15 g freeze dried

Total yield = 0 .90g

10 mg

NO DMT
yield=1 .30g

15 20 25 30 35 40 45 50 55 60

Figure 5 . Effe ct of DMT o n fruiting minicult urcs.
Open bars proportional to amount of DMT ad mi n ist ered ; cross-ha tched hars proportional to yield of mu shrooms.
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a t ryptamine-4 .5-ep o xid e is t he probab le in termediate
between t rypt am ine and psilocin (Figure 2).

It is sti ll unkno wn whether th e t ryp tamine-4 ,5 -
cpo x ide is a lso an intermed iate to serotonin and
hufotenine in mu shrooms. Th e occas iona l detection o f
5-hydro xytryp tophan in mu sh rooms by chro matogra phy
suggests th at bu fotenine sy nt hes is in mu shrooms, wh ile
invo lvin g a 4,5-epoxide, may be fo rma lly sep arate from
psilo cin biosyn thesis , fo llo wing th e mammalian ro ute .
Even if the major route to bufot enine in mu shr ooms
turns o ut to pro ceed via th e mammalian tryptoph an-
4 ,5 -ep oxid e rout e , it IS st ill possibl e th at so me
bu fotenine might a rise by " leakage" in th e sel ecti vity of
opening of t ry pt arn ine-el. fi-c pox idc t o psi locin. The
possibi lit y would also ex ist of a single, non-specific
ox ida t ive enzy me which epox idizes ho th tryptophan and
tr ypt am ine.

Plent y of pre cedent ex ists in plan ts fo r form ati on of
th e se ro tonin-bufo tenine se r ies o f co mpou nds via
o xidatio n of tr ypt amine ra the r th an tryptophan . Plants
which have bee n sho wn to acco mplish 5-hyd ro xylat ion
hy ox ida t io n of trypt amine include tomato, barl ey,
/ \ nadcnat hera peregrina and PegallulII barn tala , the
so urce of a series of hydroxylated ca rbo line alk aloids
( Figu re 2) so me o f whi ch arc also found in plant sources
of t he hallu cin ogeni c South Am eri can snuffs ayahuas ca ,
caa pi and co ho ba . Pcgall lllll barmala is interesting
becau se it produces not only a series of oxygenat ed
alka lo ids from trypt ami ne by a presu med 4 ,5-epoxide ,
bu t also a se r ies of a lkalo ids which cou ld be de rived
from a 6, 7-epo x ide (F igu re 2). It is clear fro m th e
ex pe rime nts of Nct tleshi p and Slay tor (1974) t hat t he
5-hyd roxylated indo le a lka lo ids o f Pcganu m barmala arc
deri ved fro m ox ida t ion of t rypt amine or a tr yptamine

PSILOCIN . BUFOTENINE & SEROTONIN

deriv at ive, but it is not pre sentl y kn own wh eth er t he
6-h ydroxylat ed ind o le a lka loi ds co me fro m ox ida t ion of
a t ryptam ine or of a t ryptophan .

Plan ts which hydroxyl ate via the 4,5-ep oxide route
all have th e gen etic potenti al for produ cti on of psilocin ,
or psilo cin-rel ated co mpo unds . Suc h a psilocin-rel at ed
alka lo id has a lready been fo und in Bani st erio psis
argcn t.ea by Ghosal and Mazumder ( 197 1) . Phyr o-
che mists inves t igat ing t he genera discu ssed abo ve co uld
enco u nter surprising new so u rces of psiloci n. We fee l
that furt her chemo taxo no mic survey o f serot oni n-
bufotenin e ac cumu lat ing plant (and animal) gen era is
warranted and th at furt he r stu dy of th e b iol ogi cal
hydroxylat ion of ind o les sho u ld be enco urage d.

NOT ES

I . The Heb raic wo rd t sau ( Russian cognate
zbaba = toad) is somewhat ambiguo us, me aning e it her
toad or lizard. It is t ran slat ed in the King James versi on
of Tb e Bible as lizard. Leviti cu s 11 :29 .

2 . Tak amin e iso lat ed the same compo und indepen -
dently and ca lled it ad re na line (a d ren al = nca r the
kidney ) in 1901. Taka rninc claimed Ab el' s co mpo u nd
was not as pure or as active as his. In the en sui ng
controvers y over priorit y o f discovery o f t he first
hormone, sides were qui ckl y ta ke n and t he parti cipants
refused to agre e on a single nam e. The tw o names
epinephrine and adr enaline survive today.

3. In man 4-hydroxytryptophan is virtua lly wit hout
central nervou s syste m effect, eve n at o ra l doses as high
as one g! If eve n a few percen t of t hat 4-hydroxytrypt o-
phan had bee n dcca rbo xylatcd t o 4-h ydroxytrypt am ine
in t he hu man br a in , a dr am at ic effect migh t have been
expec te d .
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