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ALKALOIDS OF MUCUNA PRUR1ENS
CHEMISTRY AND PHARMACOLOGY

By S. Ghosal, S. Singh and S. K. Bhattacharya

Introduction

Mucuna pruriens DC. (Papilionaceae) which grows abundantly in India, finds
use {Kirtikar and Basu, 1933) in the indigenous system of medicine for a
variety of purposes, viz., as an uterine stimulant, in dysentery, as a nerve tonic,
diuretic, and aphrodisiac.

Majumdar and Mehta (1944) previously reported the presence of alkaloids
in the seeds of this species but could not characterize them. Later, Bowden et al.
(1954) recorded evidence for the presence of serotonin in the trichomes of its
pods.
. The incomplete phytochemical investigation and the reported uses of the plant

extracts in the indigenous system of medicine prompted the present authors to
undertake a detailed phytochemical and pharmacological evaluation of this spe
cies. Variousjndiyidual parts of theplant,,e. g., the seeds, pods, trichomes of pods,
leaves, stems, and roots, were investigated separately for their"alkaloidI contents.
The isolation, characterization, and pharmacological evaluation of the alkaloids
constitute the subject of the present paper.

Experimental
All  melting  points  were  determined  on  Kofler  block  in  open  capillary  and  are  uncorrected.

The  ultraviolet  spectra  were  taken  in  aldehyde  free  ethanol  in  a  Carl  Zeiss  spectrophotometer,
model  VSU  1  and  the  infrared  spectra  were  taken  in  Nujol  in  a  Hilger  &  Watts  Infrascan  ma
chine.  Descending  paper  chromatography  was  done  on  Whatman  paper  No.  1  using  n-butyl
acetate-acetic  acid-n-butanol-water  (85:40  :15:  22)  as  the  developer.  Three  spraying  reagents,
viz.,  Dragendorff,  Ehrlich,  and  a-nitroso-f$-naphthol-nitrous  acid  (Ghosal  and  Banerjee,
1969),  were  used.  The  general  procedure  for  the  separation  and  identification  of  the  individual
bases  involved  column  chromatography  over  Brockmann  neutral  alumina,  preparative  paper
chromatography  on  Whatman  3  MM  paper,  and  preparation  of  picrate  and  reineckate  where
possible.  The  following  general  procedure,  as  described  under  isolation  of  alkaloids  from  the
leaves,  was followed for  the extraction of  alkaloids  from the other  parts  except  the trichomes of
pods where a method essentially similar to that of Bowden (loc. cit.) was employed.

Isolation of Alkaloids from the Leaves of Mucuna pruriens
Green leaves (2 kg, wet wt.) were macerated in a waring blender with a mixture of chloroform

(31)  and  ammonia  (15N,  50  ml).  The  mixture  was  corked  and  kept  at  room  temperature,  with
occasional  shaking,  for  one  week.  It  was  filtered  and  the  solvent  was  removed  under  reduced
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pressure. The viscous brown slurry (150 g) was poured into aqueous acetic ,dd (A%, 100 ml) with

™̂ zUizr rkepf at rve,nperanire °vern*ht-The *#£2£L Jiextracted with chloroform to remove weaker bases as chloroform-soluble acetates.

Chloroform-soluble Acetates
The chloroform-soluble acetates, obtained as a brown amorphous solid (ill g) was chromato

S  T  ?r°dTlann  nCUtral  a'Umina  <"  X  18cm>"  *"•«»  (4<K0»,fbenzentXo""  ka2T  Tn  ^T?  *"**  WCre  B-d  3S  duents-  *«  ~ur  eWsepSon  of  £al
kaloids  was  followed  through  paper'chromatography.  P^ation  or  tne  al-

^^QstDtet^Tmi7^  ****?***  from  the  column  afforded  a  thik  brown  oil

m.  m.  p.  168-170°.  ,  '  '*  "^  ye"°W  P.,Cme  fr0m  alcohoI»  m-  P-  *»<*

x,nx,I'^.a,Cd; f?F C"H«N" <WV>,: N, 16.78. Found: N, 16.88.
Wi?™  'ftWtowftifr^^wW*  The  chloroform-methanol  eluates  (99-1)  afforded  ,fits S? 2E& Rf> T ̂ b̂jownish-orâ  ***d̂ S fv.
iSkW^  *  X  °W  *""*  fr°m  a,COh01'  m-  P-  and  m"  -  P-  3*  «*«*

^ Z ; L Z Z ^ ^ 2 i a C  ^  ^  a C 6 t i C  3 d d  * "  H N - d i m e t h y l t r y p t a m i n e ,

Chloroform-soluble Strong Bases

brUl^?  ^  aqUC0US  "*?T*  afKf  Separati0n  of  the  ^loroform-soluble  acetates  wasbrought  to  9 with ammonia and the-liberated bases were taken in  rkl„™^ ,1 ™ .'
dons).  The  chloroform  extract  was  washed  wiS^^S^S^sST^  th/T
ventwas removed at  reduced pressure to give a brown basic  gum(27b)  '  '

Cbn^offopbr of the basic gum: A portion of the basic gum fug) was taken in be„,P„and  was  chromatographed  on  Brockmann  neutral  alumina  (1.4  X  18  cm)  "C
.5-Methoxy-N,N-dimethyltryptamme: The petroleum-ben*™,, m .-n i'

a f f o r d e d  a  b r o w n  a m o r p h o u s  m a t e r i a l  ^ i ^ i ^ ^ ^ r ^ ^ '

292  '  "TS?  ^  b,UeS  - '^oso-P-naphthol-ni t rous  acid,<U*vXl*\  vffZ292 and 305 mu;,.  r.:  >.max 2.88 (NH),  3.55 (NMe),  6.15 (OMe) 618 ufC^CWhTn; '  *
stallized  from  alcohol  as  orange  needles  m  d  168  7n°  u  WC-Q}  the  picrate  cry-
m.  p.  172°,  remained  undepressed.  '  P"  ?0  '  **'  ^  P"  W"h  an  aUthentic  samP>e>

Unidentified frcarbolme; The benzene eluates afforded a B-carboline base R n 79 n

M. m. p. with harman picrate, m.crystallized from alcohol as yellow flakes,, m. p. 256-58
Z56-58 showed depression by about 10°.

Anal, (for base-picrate): Found: N, .15.87

^^tryp^am,^0™  *""  °f  ^  «*«'•<**"  ■  -ond  crop  (0.048g)  of  N,N-dimethyi-
Bufotenine: The methanol washings of the column gave a brown basic Eum 10 70 „i . !.• %

showed  two  spots,  RF,  0.27  and  0.33  on  paper  chromatograms.  T]T  SgSf^
rative paper chromatography on Whatman 3 MM paper. The componenTs 0 77 K 7 **"
K»x  224,  272,  277,  292,  and  305-10  mu;  the  base  picrat^crysXed  Lnf*afr  \i  "'  ^

v  needles,  m.  p.  175-77°:  M.  m.  n  „M.  ™ZJ?  u.^_,Md.  fa"n  aIcoho1  as  oran8e-yellow needles, m. p
mained undepressed.

175-77°: M. m. p. with authentic bufotenine picrwe', at p. 174-77", re-

jw*.+;■*■r
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i

Unidentified 5-oxy-indole-3-alkylamine: The component having RF, 033 was also a 5-oxy-
indole-3-alkylamine; Dragendorff, orange; Ehrlich, blue; o-nitroso-6-naphthoI-nitrous acid, violet;
u.-v.: Xm!(x 222-226, 277, 288-92, 305-10 mu. Attempted preparation of picrate with this com
ponent failed.

Water-soluble  Bases  \  '  ■  ' •
The aqueous mother liquor, after separation of the chloroform soluble tertiary bases, was

treated with a saturated aqueous solution of ammonium reineckate. The precipitated reineckate
complex was washed with water, dried (2.4 g), m. p. 268-70° (dec.), and its acetone solution was
passed through a column of Dc-Acidite FF (pH, 8) (G h o s a 1 and B a n e r j e e, 1969).

Choline: The regenerated hygroscopic base ,was identified as choline by co-chromatography
with authentic sample, RF, 0.29. The base, picrate crystallized from alcohol as orange needles,
m. p. 240-42°. M. m. p. with choline picrate, m. p. 241°, remained undepressed. .

The mother liquor, after the separation df choline reineckate, was cooled, acidified (pH, ~ 1)
with sulphuric acid, and some more ammonium reineckate solution was added to it.

Unidentified ittdole-3-alkylamine: The light pink reineckate complex (0.92 g), m. p. 290-95°
(dec), was decomposed by passing its acetone solution over De-Acidite FF. The regenerated base
showed only one spot on papergrams, RF, 0.36; Dragendorff, orange; Ehrlich, faint purple;
o-nitroso-B-naphthol-nitrous acid, dull violet; u. v.: Xmn)l 220, 280, and 305 (sh) mu. No crystalli
ne derivative of this compound could be prepared.'

•Isolation of serotonin from the trichomes of pods: The golden yellow trichomes of pods (ca.
50 g) were extracted with alcohol without prior defatting at room temperature for 4 weeks. The
alcoholic extract was concentrated under reduced pressure. The alcoholic concentrate showed
only one spot, RF, 0.42 (Whatman 3 MM)j which corresponded to that of authentic serotonin.
Preparative paper chromatography was done on the same paper. A band around RF, 0.42 was
cut put and it was eluted with alcohol. The eluate was concentrated under reduced pressure. The
concentrate was divided into two portions. One was subjected to the usual pharmacological
screening for serotonin (smooth muscle preparations) and with the othe.r portion the following
tests were performed. Colour reaction: Dragendorff, brownish-orange; Ehrlich, purple changing
to blue; o-nitroso-B-naphthol-nitrous acid, violet; Jepson and Stevens (1953) test for Nb-unsub-
stituted tryptamines, positive; u. v.: J.milx 224-26, 288-94, and 305 (sh) mu. The picrate crystal
lized from aqueous alcohol as orange-yellow needles, m. p. 191—93°. M. m. p. with authentic
serotonin picrate, m. p. 190-92°, remained undepressed.

Pharmacology

A detailed pharmacological screening was made with the indolic bases from
Mucuna pruriens DC. The results of these investigations, done on cardio-vascular
system, central nervous system, smooth and skeletal muscles, are briefly described
below.

Smooth and Skeletal Muscles: The indolic bases produced, in varying degrees,
non-specific spasmolytic actions on smooth muscle preparations against acetyl
choline-, histamine-, serotonin-, and oxytocin-induced spasms. 5-Methoxy-N, N-
dimethyltryptamine and the unidentified 5-oxy-indole-3-alkylamines produced
neuromuscular blocking activity of the d-tubocurarine type (Ghosal et al.,
1969 a). The water-soluble indole-3-alkylamine produced a blocking which was
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intensified by washing the tissue (frpg rectus abdominis muscle). The unidentified
P-carboline produced only potentiation of the acetylcholine response on frog
rectus abdominis muscle indicating thereby that the 6-position of the p-carboline
is devoid of any oxygen function (G h o s a 1 et al., 1969 b).

Blood Pressure: The alkaloids produced a rise in dogfs carotid bipod pressure
in small doses. Subsequent doses caused tachyphylaxis, which was later followed
by hypotensive response and'again tachyphylaxis. The hypotensive response was
found to be histamine-release-mediated (G h o s a I et al., 1969 a).. In pentobarbitone
anaesthetised dogs, administration of 5-methoxy-N, N-dimethyltryptamine and
the unidentified 5-oxy-indoIe-3-alkylamines caused severe respiratory depression,
broncho spasm, and acute fall in blood pressure leading to death in higher concen
trations. When respiration was maintained in these cases artificially, the drugs
produced a pressor response which showed tachyphylaxis on repeated doses. The
pressor response was blocked by priscolineand was absent in reserpinised dogs
and is, presumably, catechol-amine-release-mediated.

Frog Heart: The alkaloids had no perceptible effects on frog heart up to a dose
of200ug/ml.

5-Methoxy-N, N-dimethyltryptamine and the other two 5-oxy-indole-3-aIkyl-
amines produced hyperactivity in albino rats.

' Results and Discussion

Individual parts of Mucuna pruriens were investigated for their alkaloid con
tents. While the trichomes of the pods contained only serotonin, the pods, seeds
(both green and mature dry), leaves, and roots afforded several indole-3-alkyI-
amines (except serotonin), viz., N,N-dimethyltryptamine and its Nb-oxide, bufo
tenine, 5-methoxy-N,N-dimethykryptamine, and two unidentified 5-oxy-indole-
3-alkylamines. In addition, an unidentified p-carboline and choline were also
obtained from the various parts of the plant.

Interestingly, in other plant families, such as in the Urticaceae, Ranunculaceae,
Malvaceae, also where serotonin is reported to occur in certain parts of the plants,
it occurs alone (Singh, 1969). Conversely, certain species belonging to other
families such as Desmodium pulchellum Benth ex' Baker (Papilionaceae)
(Ghosal and Mukherjee, 1966), Desmodium gangeticum DC. {Papilionaceae)
(Ghosal and Banerjee, 1969), Arundo donax L. (Gramineae) (Dutta and
Ghosal, 1967), and several Acacia species (Mimosae) (Ghosal et al, 1969),
which liberally elaborate indole-3-alkylamines do not bear serotonin at all. These
determinations, especially the phenomenon that serotonin elaboration by Mucuna
pruriens takes place only at an advanced stage of the plants' growth, support a
previous hypothesis by Ghosal and Mukherjee (1966) that serotonin is not
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'the common component enroute to the 5-oxy-indoIe-3-alkylamines in plants. The
common intermediate in the metabolism of tryptophan in plants is, presumably,
N,N-dimethyltryptairu"ne. There are ample chemical and biochemical analogies
(Ghosal et al., 1969b; Agurell and Nilson, 1968) for this contention.

The results of pharmacological screening with the total extracts and the indi
vidual alkaloids indicated that'the curative properties ascribed to the plant extracts
are, owing, at least in part, t6 the alkaloids isolated. Thus, it is possible that the
basis of the plant extract's use in the indigenous system of medicine as an uterine
stimulant lies in the smooth muscle stimulant action of some of the contained
indole-3-alkylamines. The promotion of aphrodisiac action is consistent with the
presence of 5-methoxy-N,N-dimeth'yltryptamine in the various parts, the com
pound being a well known hallucinogenic agent (A h 1 b o r g et al., 1968).

'  ,  A c k n o w l e d g e m e n t  ■
The authors are indebted to Dr. B. Mukherjee, Department of Chemistry, Calcutta Uni

versity, for some of the u. v. spectra and toDr.NityaNand, CDRl, Lucknow, for the micro
analyses. One of us (S. S.) is grateful to the U. G. C„ New Delhi, for providing a junior research-
fellowship.

Summary

, Four indole-3-alkylamines, viz., N,N-dimethyltryptamine, its Nb-oxide, bufo
tenine, and 5-methoxy-N,N-dimethyltryptamine along with two uncharacterized
5-oxy-indole-3-alkylamines and a p-carboline were isolated from the various parts,
except the trichomes of pods, of Mucuna pruriens DC. The trichomes of pods
afforded only serotonin. Besides these, choline was found in all parts of the plant.

The above determinations and the existing evidences in the literature would
indicate that serotonin is rot the common substance in the metabolism of trypto
phan enroute to the 5-oxy-indole-3-alkyl amines elaborated by Mucuna pruriens.
On the other hand, ample chemical and biochemical analogies are drawn to sup
port-a hypothesis for the metabolism of tryptophan where N,N-dimethyltryp-
tamine was envisaged as this common substance.

A detailed pharmacological screening of the total extracts and the individual
alkaloids was done on cardio-vascular system, central. nervous system, and
smooth and skeletal muscles. The results indicated that the curative properties
ascribed to the plant extracts are owing, at least in part, to the basic constituents
isolated.

Zusammenfassung

Aus verschiedenen Organen von Mucuna pruriens - mit Ausnahme der Tri-
chome der Hiilsen - wurden vier Indol-3-alkylamine, namlich NjN-Dimethyl-

1
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tryptamin, dessen Nb-Oxid, Bufotehin und 5-Methoxy-N,N-dimethy}tryptamin,
ferner zwei uncharakterisierte,5-Oxy-indol-3-alkylamine und ein P-Carbolin. iso-
liert. Die Trichome der Hiilsen enthielten ausschlieSlich' Serotonin. Daruber hinaus
wurde in a'llen Teilen der Pflanze Chblin gefunden.Ein eingehendes pharmakolo-
gisches Screening des Totalextraktes und der einzelnen Alkalqide wurde durch-
g e f t i h r t .  ;  -  • .  '

;  > •  .  • .  ■  ,  :  .
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