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Abstract :

Studies on alkaloids in some plants of Sri Lanka are reviewed with speciat
reference to chemical and biosynthetic aspecis.

Flant species investigated are

grouped into families, a short description of the alkaloid (ypes encountered in a fanuly
is given followed by a brief botanical description of the plani(s) studied. Where uses
of these plants in indigenous and/or westeérn medicine have bean noted an attempt is
made to relate these uses to the known pharmacology of their constiruent alkaloids.
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1. General Introduction

Thanks to its geographical situation and climatic conditions, Sri Lanka has an
abundant flora. From a total of 3368 flowering plant species, 830 are reported to be
endemic to the country!23.413,164 and of this total around 750 species are claimed to
have uses in the indigenous system of medicine.2® A good number of local plants
are also used as sources of drugs in Western medical practice. Distribution of these
medicinal and/or drug-producing plants of Sri Lanka among the pteridophytes,
gymnosperms and angiosperms has been presented by Abeywickrema® and is sum-
marised in Table 1. Some of these plants owe their medicinal activity to the alkaloids
contained in them.

TaBLE 1. Distribution of Medicinal and/or Drug-producing Plants among
Pteridophytes, Gymnosperms and Angiosperms in Sri Lanka.

No. of species used as mediciral drugs

Total Indigenous Introduced  Endemic

Pteridophytes 5 5 0 0

Gymnosperms 1 1 0 0

. Monocots 125 100 22 3
Apglosperms .

Dicots ’ 619 564 44 11

ToTAL : 750 670 66 14

Amongst the natural products, alkaloids comprise the largest single class of
secondary plant metabolites. Up-to-date, a total of about 6,500 alkaloids are known
and a new alkaloid 1s discovered at the rate of about one per day. Since they
display dramatic physiological activities, alkaloids find wide applications in medicine;
some alkaloids are toxic to man and animals. There is no completely satisfactory
definition of the term alkaloid. However, according to Harbourne,”? alkaloids
generally include “those basic substances which contain one or more nitrogen atoms,
usually 1n combination as part of a cyclic system”.

Alkaloids are widely distributed in the plant kingdom. Hegnauer’s estimate of
15 to 209, for the distribution of alkaloids in vascular plants’ seems to be somewhat
high. Recent phytochemical screening programmes have however, suggested 109
to be a more logical estimate representing alkaloid-yielding plant species.** Alkaloids
occur mostly 1 higher plants belonging to angiosperm families apd are absent or
infrequent in the gymnosperms, ferns, mosses and lower plants. However, even
in the angiosperm families, alkaloid distribution is very uneven and certain families
are characteristically devoid of them. Angiosperm families of Sri Lanka which
are particularly rich in alkaloids are presented in Table 2, which also shows the
number of genera and species of each of these families found here in Sri Lanka.



Alkaloids of Some Plants of Sri Lanka—Chemistry and Pharmacolog 'y 41

In addition, Table 2 gives the number of these species endemic o the country and the
oumber employed in indigenous medicine.’ Distribution of the endemic plant
species In various districts of Sri Lanka has been listed by Sultanbawa and
Weerasekara !5 :

TaBLE 2. Tmportant alkaloid bearing and medicinally usefsl plant families of

Sr1 Lapka.
‘ No. reported from Sri Lanka  No. of species used in medicine
Family
Genera Species Endemic Non-endemic  Endemic
Amaryllidaceae*,t 4 10 — S —
Annonaceaet 17 45 18 2 —

' Apocynaceaet 23 31 8 13 2
Compositae 60 115 20 21 1
Convolvulaceae 16 57 3 (7 |
Cucurbitaceae 18 33 2 22 -—
EBuphorbiaceae 46 149 47 39 —
Flacouitiaceas 10 16 10 I i
Graminae* 122 295 21 s —
Lauraceaet 10 33 23 6 —
Leguminosae 85 283 12 88 —
Liliaceae® 14 18 2 5 -~
Loganiaccaet S 18 10 3 1
Malvacese 13 44 2 2] —
Menispetmaceae} 1 13 — 12 —
Moraceae 11 34 5 20 —
Robtaceaet 50 158 74 23 |
Rutaceaet 18 40 4 14 —
Solanaceaet 9 29 — 1] —
Verberaceae 16 36 3 14 —
Zirgiberaceae®* 12 a8 17 13 —

*Monocotyledons tMajor alkaloid bearing families

YAccording to Attygalleé7 cu¢ endemic specics. viz, Litsea longifolia (Nees)
Alston 1s used in native medicine.
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Research work carried out on the plants of Sri Lanka in the field of alkaloids,
their chemistry and pharmacology are found scattered in the literature. The purpose
of this review article is, therefore, to attempt to bring these together and provide
relevant information to the researcher exploring into these fields. The information
presented here is limited only to the work on those plant species collected from
Sri Lanka. The alkaloids occurring in the plant species found in Sri Lanka (not
necessarily collected from Sri Lanka) and their pharmacology would, however, be
the subject of a future presentation.

In this article, the plant species investigated for alkaloids are grouped under their
families and their applications in indigenous medicine, their chemistry, pharmacology
and where relevant, biosynthesis, have been considered. An attempt has also been
made to relate the known pharmacology of these alkaloid bearing plants and/or
their contained alkaloids to the use of these plants or the drugs derived from them
in indigenous and/or western medical practices.

2. Surveys for Alkaloids

2.1. Intreduction

Prior to undertaking any detailed investigations on a particular class of compounds,
it is logical for the natural products investigator to make his selection of plants with
the help of preliminary screening or survey programmes. Survey of plants for the
occurrence of alkaloids has been made easy as tests for this class of compounds in
plant extracts are simple and could be conducted rapidly by reasonably reliable
methods.3°

Two systematic surveys of Sri Lanka plants for alkaloids have been reported.

2.2. A Survey of the Endemic Arnonaceae for Alkaloids

In 1973, Sultanbawa, Wannigama and their co-workers reported a general survey
of the endemic Annonaceae for alkaloids.®® In this study, crude basic fractions from
leaves and twigs were subjected to Mayer’s test'® and 7LC examination. The
endemic species investigated included Alphonsea coriacea (Thwaites) Finet and
Gagnep, Desmos elegans (Thwaites) Safford, Enicosanthum acuminatum (Thwaites)
Airy-Shaw, Sageraea thwaitesii Hook f. and Thoms., Xylopia championii Hook f. and
Thoms., and X. nigricans Hook f. and Thoms. The following non-endemic species
were also tested ; Cyathocalyx zeylanicum Champ. ex Hook f. and Thoms., Miliusa
indica Leschen ex A.DC. and Uvaria semecarpifolia Hook. f. and Thoms. All these
9 species had shown the presence of alkaloids and authors have undertaken a fuller
investigation into the alkaloids present in the endemic Annonaceae.”
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2.3. A Screening of 464 Sri Lanka Plants for Alkaloids

An extensive survey of Sri Lanka plants for the occurrence of alkaloids has recently
been reported.3".!8  In this study, 464 plant species including [70 endemic species
have been investigated. Extracts obtained by 3 different procedures were tested
for the presence of alkaloids by Mayer’s reagent’? and the approximate number of
alkaloids in each extract determined by 7LC analyses. The results obtained in this
survey are summarised in Table 3. In this study, 128 new plant species including
59 endemics (distributed in 25 families) containing alkaloids have been uncovered.

TABLE 3. Summary of test results frem the sereening of 464 Sn Lanka plant species
for alkaloids.

Boranicar COLLECTIONS TEST REsurms

) Tetal 36 No. tesled 464

No. of families ) Meyer's fest o
Tropical 45 No. posiuve 91
No. tested 417

No. of genera 314 Dragendorft

(TLC merhod) .
No. positive® 137
Total 484 No. tasted 214

No. of species . Todoplatinate .
Endemics 170 (T1C method) No. positive® 80
o Total 201
No. positives Evdenics 59
New spp. 128

*Excludes doubtfully positive species
tBy cither Meyec's. Dragcn:larl’f or lodoplatioata tests,

3. Alkaloids of Ancistroc)adaceze
3.1. Introduction

The genus Ancistrocladus of the family Aocistrocladaceae has been receotly investigated
for atkaloids, and some unique isoquinoline alkaloids have been reported.s2.63,64,64,6¢
Almost all the alkaloids isolated contained a 1,2.3,4-tetrahydroisoquinoline moiety
coupled to an oxygenated naphthaleéne at varying positions of the aromatic ring
of the former. Unlike other isoquinoline alkaloids, Ancistrocladus alkaloids have a
polyketide biogenesis.$?

In Sri Lanka, the family Ancistrocladaceae is represented by a single genus
containing only oné species, Ancistrocladus hamatus (Cahl) Gilg.!, which is endemic
to the country.” It is a very strong creeper and in rural areas it is used to tie cattle,
hence the Sinhala name, gona-wall? B
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3.2. Alkaloids of Ancistrocladus hamatus

Govindachari’s group in the course of their studies on iscquinoline alkaloids in
plants belonging to the genus Ancistrocladus,62.53.6455,5 have investigated roots of
A. hamatus obtained from Sri Lanka.% In addition to ancistrocladine (I) which has
already been isolated from several members of this genus, a new alkaloid named
hamatine (III) was also isolated from the Sri Lankan species. The two alkaloids
were present to the extent of 0.50 and 0.06 ¢, respectively. It has been shown that
the product derived from O-methylhamatine (IV) by dehydrogenation is enantiomeric
with the isoquinoline made from O-methylancistrocladine (1I) by the same process.
This finding coupled with the NMR and CD (Circular Dichroism) data suggested
ancistrocladine and hamatine to be isomeric with each other, the only difference
being the relative orientation of the substituted naphthalene ring.

®: R=H Iy ; R=H
() ; R=CHj _ (V) ; R~ CH,

Although the 2 alkaloids from A. hamatus have not been subjected to any pharma-
cological evaluation, a related alkaloid ancistrocladidine from the Indian species
A. heyneanus Wall. had shown spasmolytic activity on the isolated guinea pig ileum
at a concentration of Sgg/ml, comparable with that of papaverine.

3.3. Biosynthesis of Hamatine and Ancistrocladine

Isoquinoline alkaloids are biogenetically derived from aromatic amino acids such as
phenylalanine or tyrosine.’* However, the rare oxygenation pattern in Ancistrocladus
alkaloids suggested that the tetrahydroisoquinoline moiety in these has a polyketide
origin.%®* Subsequent oxidative coupling of the tetrahydroisoquinoline with an
oxygenated naphthalene accounts for the formation of all known Ancistrocladus
alkaloids. Biogenetic origin of these alkaloids is given in Scheme 1. This polyketide
biogenetic hypothesis is supported by the isolation of alkaloids coupled at other
positions of the benzene ring in the tetrahydroisoquinoline moiety.
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Scheme 1. Biosynthetic origin of Hamatine and Ancistrocladine.

4. Alkaloids of Apocynaceae
4.1. Introduction

Botanically, the Apocynaceae or the dog-bane family is divided into 3 sub-families:
Cerberoideae, Echitoideae (Apocynoideae) and Plumericideae. The plants of this
family contain well over 250 alkaloids, majority having an isoprenoid origin. For
example, the first two sub-families produce steroidal alkaloids, whereas the sub-family
Plumerioideae contains indole alkaloids derived from the amino-acid tryptophan
and a terpenoid moiety. The steroidal alkaioids are of the types aminosteroids
and aminoglycosteroids. However, the genus Holarrhena in the sub-family Plumeri-
oideae is an exception as the plants of this genus bear only steroidal alkaloids and
as they do not contain indole alkaloids of this sub-family.!5’

The family Apocynaceae is well known for skynanthine-type monoterpene alkaloids,
pregnane-type steroidal alkaloids and complex indole alkaloids. A number of these
alkaloids bear pharmacological activity and have become indispensable drugs in
western medicine ; e.g. compiex indole alkaloids of Rauwolfia have anti-hypertensive
action'® and the bis-indole alkaloids of Catharanthus roseus are unique in their
antileukemic activity!® (see below).
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4.2. Holarrhena Alkaloids

The genus Holarrhena in Sri Lanka contains a single species H. mitis (Vahl) R. Br.
ex Roen and Schult. (Sinh.— Kiriwalla, Kirimawaran ; 7am.- -Vellupalai) which
is endemic to this country.’»'! The bark juice of this plant under the name of Kalindu
- is reputed in native medicine as a remedy for dysentery and fevers.®s Alkaloids
of H. mitis had been the subject of a series of papers by Wannigama, Goutarel and
their co-workers.#:1%:27,89,101,102 AJkaloids isolated from various parts of this plant by
these workers are presented in Table 4. In addition to the isolation of conessine
(V) from the bark of H. mizis during their very early investigations, Wannigama and
Bhavanandan obtained evidence for the occurrence of N-demethylated conessines.
Further investigations had confirmed the occurrence of a large number of sterardal
alkaloids in the bark extracts of this plant. The seeds of H. mitis have been shown
to be devoid of mitiphyiline (XV). Isolation of triacanthine (X1V) (rom these seeds
marks the first occurrence of this base in any seed. The alkaloidal extract of the
fruit pericarp was shown to constitute only of triacanthine.

Tamre 4. Atkaloids of H miris,

Plant part Alkaloid(s) isofated Yield (%) Ref.
Bark cornessine (V) — 19
Bark conessine (V) 0.098 27
iso-conessimine (V1) 0.098 27
holadienmine (IX) ' a.013 27
conkurchine (XIII) 0.020 27
holartherune (VII) 0.026 27
hofafebrmne (X) 0.098 27
bolarrhinine (XI) - 0.098 27
N-3-raethyl-holarrhimine (XI1) 0.0%8
Leaves mitiphylline (XV) [40(65]° 89, 102
N-desmethyh'nitiphyninc (XV1}) [9(10y*t 89, 102
triacaothine (XTV) [45(20)*1 89, 102
Seeds triacanthine (X1V) . 0.080 104
» conamine (VOI) 0.360 101
cenesstne (V) 0.160 101
) iso-c¢ nessimine (V1) 0.016 101
Fruits (pacicarp) triacanthine (XIV) 0.400 101
*Ref. 89,

ftReprasentad a3 percentage of the total bases.
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TaBLE 5. Some pregnane type steroidal alkaloids of H. mifis.

CH
3 T3
R _N
1
R\N
2,
R
"Rt R2 RV
Conessine (V) CH, CH, H
Iso-conessimine D CH, H H
Holarrhenine V1D CH; CH; OH
Conamine (VI H H H
NH2
NH-CI
TH 0 S Dj- chlorasuccinimide
‘ (x) NaQEt ‘L
0
~ _ NH
&—F /
H/ H.0
2
HO

(XVIIL)
Scheme 2. Chemical transformation of Holafebrine to Pregnenolone.

C
NH3 R’
. A ™
R
0 R1 R2

(IX) Holadienine (X) Holafebrine OH CH,
(X1) Holarrhimine NH, CH,0H
(XII) N-3-Methyl-holarrhimine NHCH; CH,0H

9—16489
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Much attention has been focussed on the steroidal atkaloids of Halarrhena spp.
with the intention of economic exploitation of these 1n the synthesis of valuable
steroidal hormones.’! Conversion of holarfebrine (X), an alkaloid of Sri Lankan
H. mitis, to pregnenolone (XVIII) which involves a series of simple chemical frans-
formations is depicted in Scheme 2,

NR

: - A
k N /\\\J
HN (,1 ’)Ch
(XIII) Conkitrching X{V) Triacanthine

oCH
Mitiphylline (XV) R Cl
N-Demsthylmitiphylline XVi) R. H

N-D¢methyl-Neacetylmitphylline  (XVIT) R .. COCH;

43. Catharanthus Alkeloids

The genus Catharanthus is known to produce sorae 72 alkaloids,'s? most of which
are of complex indole type. A few of these are pharmacologically active and have
medicinal applications. Of the phammaceutically impartant alkaloids, vincaleuko-
blastine (VLB) also called vinblastine (XIX) and leurocristine (LCR) also known as
vincristine (XX) have been employed ig the treatment of Jeukaemia in children. !
Ajmalicine (AJM) (XX]) and viacamine (VIC) (XXI1) are two other usefal alkaloids
reported from Catharanthis species.®s

In Sri Lanka, the genus Catharanthus has two species, C. roseus (L.} G. Don and
C. pusillus (Murr.) G. Don." C. roseus (Sinh.—Mini - mal; Tam.— Patti-poo, Eng.—
Madagascar Periwivkle) incorrectly called Vinca rosea or Lochnera roseais a perennial
heeb ot subshrub and is found commonly as a weed in the dry aad in the wet zones
at tow clevations, especially on sandy soil and in the coastal habitats. Three
different forms of C. roseus bave been reported.® C. pusillus 1s an annual herd
indigenous to Sri Lanka aad India. In Sri Lanka, iiis 3 rather reve waed on culti-
vated Iand and has been recorded exclusively from Batticaloa and Jafina districts,'07
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C. roseus, in the form of a tea, is used in folk medicine as a remedy for diabetes
and an infusion of leaves under the name of Vincalin is sold in the U.K. as a cure
for the same =ailment3$ However, pharmacoclogical studies have not confirmed
this alleged hypoglycaemic activity.#7s1%2  The leaf-juice is also reported to be vsed
as an application for wasp siéings.>

The two pharmaceutically important alkaloids VLB and VCR have been obtained
from C. roseus. Although the synthesis of both these alkaloids!?® and the chemical
transformation of the more abundant VLB to more potent antilenkaemic alkaloid
VCR is known, C. roseus still remains to be the main source of this valuable alkaloid
Therefore, this plant is at present uprooted and exported by local agents to drug
manufacturers in Europe for the extraction of these alkaloids.® Realisation of the
disadvantages of this practice had prompted investigation mto the feasibility of
extracting these alkalotds from C. roseus (and C.pusillus)with Jocally available solvents
and facilities with the hope of obtaining better returns to the country from this
non-traditional export.”’%%2  This work has Jed to 2 important findings, viz. the
possibility of harvesting the leaves for extraction at periodic intervals and the reduction
in cost of freight by exporting the crude alkaloidal extract instead of the dried plant
material. This study has also shown that the processing of crude alkaloidal mixture
from C. pustllus for VLB and VCR would prove to be less difficult than that from
C. roseus.

(X1X) Vincaleukoblastine (VLB) - CH,
(XX) Leurocristine (LCR)' R ~ CHO
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(XXI) Ajmalicine (AJM) 5 (XXID)  Vincamine (VIC)

4.4. Pharmacology of C. roscus Alkaloids

Two important drugs, Oncovin and Velban, produced by Eli-Lilly Co. in the U.S.
contain the sulphates of VCR and VLB respectlvely 114 Oncovin arrests mitosis in
metaphase and is known to be effective in the treatment of leukaemia in children,
lymphosarcoma, reticulum sarcoma, neuroblastena, Wilm’s tumour and tumours
of the breast, brain and lungs. Velban is a cytotoxic drug arresting cell growth
in the metaphase and is effective in the treatment of Hodgkin’s disease and other
lymphomas and choriocarcinomas.

4.5. Screening for Biosynthetic Intermediates

The first step in the biosynthesis of terpenoid indole alkaloids, the major group of
alkaloids in Apocynaceae (and Rubiaceae) involves condensation of tryptophan
(XXI1V) or its decarboxylation product, tryptamine (XXI1l) with secologanin (XXV)
having monoterpene origin (Scheme 3). Although a satisfactory biogenetic theory
for terpenoid indole alkaloids has emerged from the results of extensive radioactive
labelling experiments, de Silva and his co-workers had felt that a number of important
questions in this theory had to be answered.?” As a result they have approached
the problem in order to (a) decide on chemical, structural and biosynthetic grounds,
the compounds that can be probable intermediates, synthesise them and test them as
precursors of the alkaloids, and (%) isolate the probablc intermediates and test them
as precursors. Thus, these workers have carried out a screening of indole alkaloid
producing plants for the occurrence of the first nitrogenous monoterpenoid precursor.3
In this survey, Rauwolfia serpentina (Sinh. - Ekaweriya, Tam.— Sorannamilbori),
Strychnos nux-vomica (Sinh—Kaduru ; Tam.—Yetti, Yettie-kottai) and a number
of Mitragyna and Vinca species all of Apccynaceae and Cinchona ledgeriara of
Rubiaceae have been tested for the presence of vincoside (XX1V) and Se-carboxy-
vincoside (XXVI). Although these two bio-intermediates have not been detected,
macro-isolation techniques had revealed the presence of 5o carboxystrictosidine
(XX1X), an isomer of (XXVII), in all the plants tested and strictosidine (XXVIID),
an isomer of (XXVI), only in Rauwolfia, Vinca and Strychnos species. Strictosidine
(XXVHI) and its 5a- carboxy derivative (XXIX) have been isolated from R. serpen-
tina and S. nux-vomica and were characterised as the pentaacetatc (XXX) and the
methoxycarbonyl pentaacetate (XXXI) respectively.
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(XX R=H
(XX1V) R= COZH

AP
CH302C CH3O2C
(XXVI]) R=H XXV R:H
{XXVIIIR=C OZH XXIX) R-QOH
Z
l
I
!
Terpenoid [ndole
Alkaloids

Scheme 3. FEarly stages in the Riosynthesis of Terpcnoid Indole Alkaloids.

H
_ 2OAc
0

Ac

c H0,C

XXX) R=H
(XXX1) R = CO,CHj3

51
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4.6. Screening for Ajmalicine

Ajmalicine (AJM, raubasine, 3-yohimbing) (XXI) is a medicinally important alkaloid
occurring chiefly in Rauwolfia and Catharanthus species of plants. It has vasodilator,
hypotensive and tranquillising properties.2»>*  The economic importance of AIM
is evident from its demand in Europe which is ca. 5000 to 6000 kg per year and the
price paid for it in the U.K. in the year 1973 which is £ 1.00 per g.*' Although
AJM is obtained in practice by chemical or catalytic reduction of serpentine (XXXII)
which is the principal alkaloid in the above species, looking for natural sources for
its extractior appeared attractive. Thus, a TLC survey of some local plants of
~ Apocynaceae for AJM has been cariied out.” The results had indicated absence
of this alkaloid in Alstonia macrophvila (leaves), Bassia acuminara (leaves), Cerbera
manghas (fruits), Ochrosia bobornica (twigs and fruits) and Pajiantha dichotoma
(leaves), and occurrence of trace guantities of it in Kopsia fruiticosa (leaves), O.
bobornica (leaves) and P. dichotoma (twigs).

4.7, Miscellaneous Studies

Wannigama and his co-workers in their siudics on the pianis of Apocynaceae have
investigated fruits, Jeaves and twigs of the endemic species Petchia ceylanica (Wight)
Livera of the sub-family Plumetioideae and fouvnd to contain indole alkaloids which
were seusitive towards both light and air.?

, 5. Alkaloids of Asclepiadaceae
S.1. Introduction

jn Sri Lanka, the family Asclepiadaceae is represented by 42 species belonging to
24 genera,! of which 6 species contained in 3 genera are reported to be endemic 1o
the couatry.”’ The genera Ceropegia, Gymnema and Tylophora each contains two
endemic species.* Several species of the genus Tylophora have folk-medicinal
reputation. 7. asthmatica Wight et. Arn. (Syn. T. indica (Burm.) Merr.), known as
Indian Ipecacuanha 1s used in indigenous medicine as an ernetic, expectorant and
anti-dysenteric.12.133

*Howover. according to a recent revisionss, Sri Lanka has 37 species in 21 genera of whuch 3
spacics are eodemic.
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The genus Tylophora comprises some 50 species and phenanthrene-indolizidine
alkaloids have been isolated from several species. Tylophora alkaloids have been
the subject of a number of recent investigations as several of them have been reported
to possess activity against 1-1210 Leukasmia, 54132 the position of the methoxy group
been decisive for the aati-tumour potency.!®

5.2. Tylophora alksaloids

Alkaloid screening on various parts of T. asthmatica, T. cordifolia Thwaites and
7' flava Trim. (endemic species) collected in different localities of Sri Lanka has been
reported by Phillipson es a/.2*  In this study, the alkaioid contents were assessed in
terms of percentage total crude alkaloid and by comparison of the colour intensities
produced by Dragendorff reagent with the exiracts and with known amounts of
tylophacinine (XXXIV). Their results are suwunarised in Teble 6. 7. cordifolia
and T. flava have not been examined previously for atkaloids.

TABLE 8. Alkaloids of 7. cordifolia and 7. fiava collscted at Matara.

Species P})l;:tt : Alkalmi.‘s‘ \ o
% TLC 1pcdication

T. cordifolia leaves 0.17 tylophorinme + 1*
stern 0.10  tylopharinine + 2*
roots 0.16 tylophorinine 4+ 3*

T. flava leaves 0.15  tylophorinine (major) +

tylophorine

stem 0.12  tylophorinine + 4*
roots 0.15  tylophorinine + 4*

*Numbtes of uniden:ified aikaloids.

Eight samples of T. asthmatica collected from different localities were also screened
by the same group of workers for the content of alkaleids !¢ TLC has indicated
that 1 most samples the major alkaloid was tylophorinine (XXXIV) in at Jeast
one pirt of the plant, although in one leaf and two stem samples tylopharine
(XXX{ID) predominated. Their results contrasted with those previously reported
for Indian plantsé”1** and implicd that either there were some variztions in alkaloid
content from season to season or that different strzins of T. asthmatica existed,
However, these authors have suggested that further investigations would be required
to venfy these points.  COne similatity which did exist between the Indian aod Sri
Lankan matenals was the very low yield of the antileukaemic alkaloid tylophorinine
(XXXIV). e
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Tarie 7. Alkaloids of Tylophora species.

R1 R2 R} R RS Ré R?

Tylophorine XXXIID OCH; OCH; H H OCH; OCH3; H
Tylophoririne  {(XXXIV) H OCH; H H OCH,; OCH, OH
Tylophorinidine (XXXV) H OCHy H H OH OCH, OHR
Tylocrebine (XXXVI) OCH; OCH: H OCH; OCH3y X H

Isotylocrebine (XXXVID) H OCHy OCH,; H OCH; OCH; H

A detailed isolation work of a large batch of 7. asthmatica was also carried out by
Phillipson’s group. Their results are given in Table § along with the alkaloids
jsolated from the Indian species by previous workers. A detaled analysis of the
NMR spectrum of tylophorinine (XXXIV) has aided in the postulation of the preferred
conformation of this alkaloid as given mn (XXXVUI).

TapLe 8. Alkaloids of 7. asthmatica from India and Sri Lanka.

Ongio Alkaloids 1solated Ref.

India tylopborime (XXXII). tylopborinine (XXXIV),
tylophorinidine XXXV), {sotylocrebine
(XXXVID). septicine (XXXIX), alkaloids A*.

B* and C* 67, 68, 138
Sti Lanka tylophorine (XXXII). tylophotinine (XXXIV).
tylophorinidine (XXXV) 126

*Unidentified alkalords.
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CHO |

(XXXVIIT) (XXXI1X)

5.3. Pharmacology of Tylophora species

In addition to the above mentioned uses, 7. asthmatica has been employed widely
m folk medicine to cure asthma, one leaf per day being taken during a period of
6 days. Recent clinical trials by Shivpuri’s group while proving the validity of its
use in treating asthma has also shown it to be active against allergic rhinitis.!s! Preli-
minary clinical studies have also indicated that tylophorine {(XXXIII) could be the
active constituent in this plant.

6. Alkaleids of Berberidaceae

6.1. Introduction

The family Berberidaceae has yielded a total of more than S0 alkaloids, many of
which are from the genera Berberis, Leontice and Nandina?® These alkaloids are
of the types: aporphine, bisbenzylisoquinoline, oxoaporphine, protoberberinium
and tetrahydroisoguinoline. The pharmacologically important protoberberinium
alkaloid, berberine (XL) and its close relatives palmatine (XLI) and jatrorrhizine
(XLII) are known to occur in Berberis, Mahonia and Mandina species.’?® These three
alkaloids have a wide distribution in the plant kingdom and have been reported from
Annonaceae (1 genus), Menispermaceae (8 genera), Rananculaccae (5 genera),
Papaveraceae (8 genera) and Rutaceae (3 genera).®

4
RZO N
RO I =
’ A OCH,
O OCH;
R1 R2
Rerberive (XL) - CH; -
Palmatine (XLY) CH, CH,
Jatrorrhizine (X11D) H CH,

10—16489
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In Sri Lanka, the family Berberidaceae is represented by a single genus Berberis
which has three species,! B. tinctoria Leschen, B. wightiona Schneider and B. ceylanica
Schneider of which none is endemic. Several varieties of Berberis are known to
yield a drug sold in Sri Lanka by the name of Rasadun (Sanskrit-Daruharidra).!
Dried stem of B. aristata and dried rhizorse and roots of other Berberis species are
used both in native and modern medicine as febrifuge, carmirative, bitier tonic and
externally as dressing for indolent ulcers.!'> Rasadun is also used in indigenous
medicine as a prophylactic for tetanus and is replaced nowadays by readily available
Coscinium fenestratum (Sinh.—Veniwal, Tam.—Mara-manjal) of the family Menis-
permaceae.’® Native medical practitioners, however, had a good reason though
they may not have been aware of it, for using C. fenestraturn as a substitute for 5.
aristate since the chemical analysis had revealed the presence of berberine (XL)!'6
which is known to be the active principle in both species.

6.2. Alkaloids of Berberis tinctoria

B. tinctoria collected from Nuwara Eliya has recently been analysed by Shamma and
his co-workers at the Pennsvivania State University., Their wark has shown the
presence of 12 alkaloids in the basic fraction of which two were new.!® The alkaloids
identified included simple tetrzhydroisoquinolines, aporphines, oxoaporphines,
protoberberinium salts and bisbenzylisoquinolines. A new protoberberinium
having an unusual substitution pattern has been isolated and named lankamine.

6.3. Pharmacclogy of Berberine and Berberis species

The known pharmacology of Berberis species could be related to the presence of
berberine in them. Berberine (XL) has been used internally as an anti-malarial,
febrifuge, carminative and externally as dressing for indolent ulcers.'® Pharmacologi-
cal evaluation of several Berberis species, berberine and other plants known to
contain this alkaloid and related alkaloids have been reported and an extensive
review on alkaloids of the genus Berberis and their pharmacological action has
recently appeared.®? In addition to the above, some other properties are also
observed with cither Berberis species or berberine and a summary of these are
presented in Table 9.

Taple 9. Pharmacological actien cf Berberis spp. and berberine.

Saraple tested Pharmacological action Ref.
B. amurensis roots depression effects n cats apd vasoconstricion in
- solated rabbit ears 41
Berberis spp. and berberine mhsbition of respirauon of dysentery bactena 120
Borberine. palmatine and effective against
jatrorchizine and exiracts Staphylococcus aureus 5
of Coptis japonica (Rapun-
culaceae).
B. lysinum roots depressant action on isolated rabbit keart, acuta fall 1o
blood pressure 128
Borberine sulphate from bactenicidal on  Staphylococci 98

B. vulgaris rbizome cortax
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7. Lauraceae Alkaloids

7.1. Introduction

This family of plants produces 5 basic types of alkaloids,’ of which aporphines and
their biogenstic progenitors, tetrahydrobenzylisoquinolines occupy a chief place.
The dimeric alkaloids, bisaporphines and bisbenzylisoquinolines are also not un-
common in the plants of Lauraceae.

Lauraceae is one of the major alkaloid bearing families of Sri Lanka which has
23 endemic species out of the total of 33 species availabli ! 1In addition to 6 medi-
cinally useful plants, this family contains the economically important cinnamon
(Cinnamomum  zeylanicurmm BL) plant.!7®

7.2. Alkaloids of Neolitsea fuscata

The genus Neolitsea of the family Lauraceae has 2 species in Sri Lanka,' N. fuscata
(Thwaites) Alston and N. Cassia (L) Kosterman { = N, involucrata Alston) of which
the former is endemic to the country.’! Although N. fuscata has no reported medicinal
uses, some other species of this genus have reputed medicinal activity.®® A number
of aporphine alkaloids have been isolated from plants of the genus Neolitsea.87.117
[nvestigation of N. fuscata stem bark collected at Hakgala has shown the presence
of aporphine basr, isoboldine (XLIII) as the major alkaloid,’* which represented the
first report of its occurrence in this genus. Presence of icoboldine in this genus is
significant since it could be regarded as the biosynthetic precursor!® of neolitsine
(XLIV), an aporphine base isolated from N. puichella®” (see Scheme 4).

tHO
3 NCH
HO 3

=

|
CHOTY
3
OH

(XL

Scheme 4. Biosyathesis of Neoltsine from Isoboldine.

8 Alkaloids of Leguminosae
8.1. Introduction
Leguminosae, one of the largest plant families of Sri Lanka contains 283 species
distributed in 85 genera,! of which 12 species are endemic to the island '* and 88 of
these species find applications in indigenous rnedicine.?  Although Leguminosae
has no alkaloids chara:teristic of the family Crotalaria and Erythrina, two of the



58 A. A. L. Gunalilaka

genera found in Sri Lanka contain alkaloids characteristic of these genera. The
former genus bears alkaloids of pyrrolizidine type and the latter a spiroamine type
(see below). The indole base, hypaphorine (LX) is recorded from a number of
Erythrina and Acacia species.

8.2. Erypthrina alkaloids

Four species of Erythrina, viz. E. variegata ( = E. indica), E. fusca, E. lithosperma
(= E. subumbrans), and E. suberosa have been reported from Sri Lanka.'® Of these,
various parts of E. variegata L. (Sinh—era-badu, era-mudu; Tam.—mullu
murukku) are known to have an arcay of medicinal applications; the bark is used
as an astringent and a febrifuge, in liver trouble and in epilepsy, as a nervine sedative
an anti-asthmatic and as a collyriumn in ophthalmia ; the leaves are used as a
stomachic and diuretic and for relieving pain in joints'® the juice is applicd to syphili-
tic buboes. E. variegata is also used both as a lactogogue and an emmenagogue and
is an ingredient in many decoctions.!

Up-to-date over 30 Erythring alkaloids are known.” Thrse are conveniently classi-
fied into 2 main structural types, those containing a conjugated diene in the A and
B rings (Table 10) and those containing a A',¢ double bond in the ring A (Tablell).
A third group of alkaloids (LIV to LX) with various structural features includes
a—and f—erythroidines and erythroculine (LIX), an :Erythrina alkaloid isolated
from Coculus laurifolious of the family Menispermaceae$® A number of other
alkaloids not belonging to the Erythrina group have also been isolated from various
Erythrina species. These are mainly the tetrahydrobenzyl-isoquinoline type (Table
12) and the indole type (eg. hypaphorine). Hypaphorine (LX) has been reported
to be present in almost every Erythrina species studied and is probably ubiquitous.”

TAeLE 10. Some Erpthrina alkaloids of the dienaid type.

Erysopine X)) H H CH,
Erythraline (XLVD) —CH,— CH;
Erysodine ° (XLVII) H CH CH,
Erysotrine (Xrvurn CH; CHy Uk

Erysonine XLy H CHy H
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TasLe 11. Some Erythring alkaloids of the aikenoid type.

RO
R0

T R:1 Rz R3 R4

Erythratinone (L) CH, CH; =0 OCH,
3-Demethoxyerythratidinone n CH, CH; =0 H

Erythranne (LID) —CH,— OH OCH,
Erythramine (LIID) -—CH,— H OCH,;

TaBLE 12. Scme tetrahydrobenzylisoquinoline alkaloids of Eyyprhrina species.
1
RO
2 O AR
RO '
o,
L S
R0

H
&o

N-Norprotosinomenipe (LIV) B CH; CH; H H
Protosincmenine
N-Noronentaline
Orlentaline

CH,0

@LvD) A2
(LVITy A13

; C%H
I |
N *N(CH3)3 u N(CH3I2
H

[(B24) (XD
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The pods of the Indian variety of E. lithosperma Blume has yielded 12 alkaloids3¢
belonging to 3 classes, benzylisoquinoline, Erythrina and indole (sec Table 13)
including 2 biogenctically significant alkaloids ( + ) N-norprotosinomenine (L1V)
and erysodienone (LVII). Alkaloids present in other parts of the [ndian plant are
surnmarised in Table 14.5%%0 Investigation of the leaves of E. lithosperma Blume
(smooth variety, a thorny variety is also available) collected in Sri Lanka has revealed
the absence of the latter 2 alkaloids.’®.'6 However, from the local species 2 new
alkaloids structurally related to erysodienone, viz. erythratidinone (L) and 3-deme-
thoxyerythratidinone (LI) have been isolated. Among the other alkaloids present
were erythratine (XLVI) and erysotrine (XLVIII) (see Table 13).

Chemical analysis of the leaves of E. fusca Lour. from S Lanka has revealed the
presence of only erysotrine (XLVIII) in isolable quantities.!'s

TaeLe 13. Alkalowds of Indian and Sii Lankan vaneties of E. lithosperma Blume.

Alicaloid Pods of leaves of Sri
- — Indian variety [Lankan vanety
Class Tdentity ( x 10-5%) ( % 10-2¢/)
Renzylisoquinoline N-Novprotosigomenine (LIV) 6.7 —
_Protosinomemue (LV) 2.8 —
Erytiirina Erysodienone (LVILD) 1.8 —
{Rearranged benzyl Erythratidinone o (L) — 12.0
soqunoline or 3-Demethoxyerythratidinsne  (LI) — (.6
spiroamine] Erysopine XLV 4.8 -
Erythraline (XLVD) 5.8 Trace
Erysodine (XLVII) 7.6 —
Erysotrine CXLVIIT) 52 220
Erythratine (L1ID 1.6 —
Erythramine (L1I) 1.4 —
f-Exythroidine (LVI) 2.7 —
Indole N. N-Dipethyltryptophan (LX) 37 —
Hypapbonne (LX) 1.9 —

t
!
%

Tane 14. Alkaloids of various parts of the Indian E. lithosperma.

Plant part. Alkaloids present

Seeds Etysodine (XLVID), Erysopine (XLV)
Erysoaine

Leaves Erysopine (XILV)

Bark Erysotrine (XLVIID, Erysodine (XLVII),

Erytbramine (LIII), Erythratine (L)

8.3. Biosynthesis of 3-Demethoxyeyythratidinone

3-Demethoxyerythratidinone (LI) is unique in the Sri Lankan variety of E. lithos-
perma in its lack of 3-methoxy group. This implies a late stage modification of the
normal biosyntbetic pathway.’s Some plausible routes to (L1) from N-norprotosino-
meuine (LIV) via erysodienone (LVIIY) is depicted in Scheme S.
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N-Norprotosinomenine commeem—p

L)

*Reduction ; **Demethylaticy; ;  “**Dehydration.

Scheme%5. Biosynthetic routes to 3-Demethoxyerythratidinone in St Lankan Eryrhrina lithosperma
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8.4. Pharmacology of Erythrina Alkaloids

The curare-like action of extracts of the seeds of E. americana was recognised as far
back as 1877,%° and was confirmed later by several workers.®3t However, first
isolation of a crystalline biologically active Erythrina alkaloid, named erythroidine
from seeds of the same species was reported in 1937 by Folkers and Major.* Further
analysis of erythroidine had shown that it was a mixture of 2 isomeric alkaloids which
were named o—and f—erythroidines. f—erythroidine (LVI) and its more potent
derivative dihydro-fS—erythroidine have been used clinically as muscle relaxants,
but have now been replaced by other.drugs.” Following the discovery of erythroidines,
intensive studies were initiated on Erpthring species and these resulted in the isolation
of a number of physiologically active alkaloids, most of which showed some
curariform activity.

The total alkaloids of E. varicgata had shown several characteristic pharmacologi-
cal effects :** neuromuscular blocking effect of the antidepolarizing type, smooth
muscle relaxant effect, and also hydrocholeretic, CNS depressant, and anticonvulsant
effects. The reported uses of the extracts of this plant in indigenous system of
medicine as a remedy for biliousness, in liver troubles, in epilepsy, and as a nervine
sedative could be correlated with the above pharmacological effects observed. The
other uses of E. variegata and related plants, such las lakative, diuretic and antiasth-
matic uses would seem to be due to the intermediate alkaloids (N-norprotosino-
menine and equivalents) to the spiroamines. Occurrence of N-norprotosinomenine
in the Indian variety of E. lithosperma® is significant from the latter point of view.
The emmenagogue activity of E. variegata'® could be related to the presence of eryso-
trine (XLVIII) as erysotrine iu Cassia absus (Leguminosae) has been shown to stimu-
Jate uterine tissue..127

85 Crotalaria Alkaloids

The genus Crotalaria contains at Jeast 40 different alkaloids,’?® many of which belong
to the pyrrolizidine type. Pyrrolizidine alkaloids also occur in a large number of
plants including the genera, Senecio and Erechtites (Compositae) Echium, Heliotropinm
Trachelanthus aud Trichodesma (Boraginaceae).’® Of the 29 species of Crotalaria
recorded from Sn Lanka,! C. multiflora (Arn.) Benth. and C. walkeri Arn. are
known to be endemic.!?

C. verrucosa L. (Sinh.— nilandapahirtya; Tam— kilvenlappa) and C.
Jjuncea L. (Sinh.— Hana ; Tam.— shanal imappu) find many applications in
the indigenous system of medicine.® The leaves and seeds of these plants are said
to have a cooling effect and blood-purifying action and hence used in cases of fever
and skin diseases.  C. verrucosa which is used more often in medicine than C. juncea
1s employed also as a bitter and as an expellent of bile. The juice of the tender leaves
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is applied both internally and externalily for scabies and impetigo. The leaf prepara-
tion is also applied to cruptions of the skin so asto clean them before applying
curative medicines.

During their chemical studies on the genus Crotalaria, Atal and his co-workers
have examined,'6® the seeds of C. walkeri Arnott for alkaloids. Although this species
has been described by Trimen as endemic to Sri Lanka, % according to Hooker it isa
variety of the Indian species C. semperflorens.!® Quantitative estimation had revealed
seeds of C. walkeri to contain 0:209, tertiary bases and 0-06°% N-oxides. The
ethanol extract of the powdered dehusked seeds on partition chromatography over
buffered celite 525 has afforded a new secopyrrolizidine alkaloid, crotaverrine.
(LXII) and its derivative, O-acetylcrotaverrine (LXIII). The structures of these
tertiary bases liave been elucidated by csmbined chemical and spectral analyses.

4 O CHCH,

Wt

&
20 CHy

@LXI) ; R -H
(LX) ; R = COCH;

8.6. -Pharmacology and Toxicology of Crotalaria Species

Monocrotaline (LX1V), a pyrrolizidine alkaloid from C. spectabilis is found to be
responsible for the activity of Crotalaria extracts against adenocarcinoma-755 in
mice.’%®  Similar alkaloids have been screened for anti-tumour activity.34'4* How-
ever, as pyrrolizidine alkaloids are known to be hepatotoxic,®® it is questionable
whether they could have applications in chemotherapy of cancer. Besides, presence
of these alkaloids in this genus demands a complete evaluation of the medicinally
employed Crotalaria species (see 8.5) for their hepatotoxicity.*

O CHCH;
Z CHY “OH
LX1v)

_*invcstig-a'lion of these and other pvlant species used 1 native medical practice for hepatotoxicity
and the occurrence of pyrrolizidine alkaloids has been undertaken by Prof. S. N. Arseculeratne
of the Dept. of Microbiology. Peradeniya Campus in collaboration with the author.

11—16489
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Poisoning by the pyrrolizidine alkaloids has recently been reviewed by Bull, who
suggests that the condition should be called pyrrolizidine alkaloidosis.** The
pyrrolizidine alkaloids are not all poisonous. For an alkaloid to be toxic it must
have a double bond between C-1 and C-2.142 The cyclic diesters (e.g. (LXIV)) arc
twice as toxic as the open diesters, and 4 times as foxic as the open monoesters.
Esters of branched-chain acids are toxicwhile esters of straight chain acids are not.!4}
It has been suggested that the alkaloids themselves are not hepatotoxic, but are
converted in the liver to toxic pyrrole-like derivatives which react with tissue consti-
tuents to form bound pyrroles which either remain in the tissues or are excreted in
the urine.!%

9. Alkaloids of Liliaceae
9.1 Introduction

The monocotyledonous family, Liliaceae, produces a number of alkaloidal types of
which colchicine and Veratrum types are of wide occurrence.!?® Colchicine group of
alkaloids have a 1-phenefhyl—l,2,3,4—tetrahydroisoquinoline origin and Verafrum
group is of steroidal type. Alkaloids based on the steroid nucleus are not very
widely distributed, being restricted to plants of the Holarrhena (Apocynaceae, see 4.2),
Solanum (Solanaceae) and Veratrum species.'® :

Abeywickrema has listed 18 species of Liliaceae! belonging to 14 genera containing
2 endemic species, Urginea rupicola (Trim.) Trim. ex Hook. f. and Asparagus zeylanicus .
(Baker) Hook. f.!! The non-endemic Gloriosa superba L. (Sinh.— Niyagala)
grows wild in Sri Lanka. This plant is known to ancient medical writers in Sanskrit
as “Gharbha ihatin”’— that which causes abortion. Decoctions containing G.
superba have found considerable use in native medicine particularly as aborti-
facients.?8.*8  The roots are used for snake-bites and scorpion stings and the starch
from roots 1s given internally for gonorrboea.?®

92 Alksloids of Gloriosa superba

The tubers of G. superba gathered from Sri Lanka were chemically investigated as
far back as 1915 by Clewer and lis co-workers. ¥  During their studies they were
able to isolate 2 alkaloids and a few other non-alkaloidal constituents, One of the
bases was colchicine (LXV) and the other with m.p. 177° to 178°C and probabls
molecular formula, C,,H,,O,N, was left unidentified due to the non-availability of
sufficient quantities for further studies. In 1968, Dunuwille, Balasubramanium
and Bibile reinvestigated the mature and tender tubers, the seeds and the flowers of
G. superba *3.** Their examination of the mature tubers which commonly cause
poisoning in the rural areas of Sri Lanka, bad revealed colchicine (LXV) to be the
major alkaloid (0.0259,). However, the colchicine content was remarkably low



Alkaloids of Some Plants of Sri Lanka—Chemistry and Pharmacelogy 65

compared to that found in the tubers of European (ca. 0.20 %) and African (0.12%)
origin.  Colchicine was also found to occur in the tender tubers, seeds and flowers.
Three other alkaloids, namely N-formyl-N-desacetylcolchicine (LXVID) (0.003%)
2-demethylcolchisine (LXVII) and lumicolchicine (LXVIIT) were also isolated from
the mature tubers. They also found several other unidentified alkaloids to be
present in tracs amounts.

(LXV) ; R1=CHj; R,=COCH; (LXVIIT)
(ILXVI) ; R3=CHj; R2=CHO
(LXVID) ; R1=H, R2=COCH;

Seeds of G. superba obtained from Sri Lanka were also analysed by Santavy
et al. 1'% by paper chromatographic techniques and was shown to contain colchicine
(LXV), N-formyl-N-deacetyicolchicine (LXVI) and 2-demethylcolchicine (LXVII).

9.3 Pharmacology and Toxicology of G superba

Numerous fatalities due to ingestion of G. superba in decoctions used as aborti-
facients are on record.'®® Poisoning has also occurred in Sri Lanka through the
tubers being mistaken for those of the yams of sweet potato (Ipomeoa batatas).4*5
Jayatilaka and Balasubramanium have investigated® the digestive tract histopathology
n rats poisonzd by the extracts of G. superba tubers and have found that the lesions
are similar to those poisoned by colchicine (LXV) which was shown to be an alkaloidal
constituent of these tubers (see above).

Subbaratnam obtained another alkaloid named gloriosine from G. swperba during
the 1solation of colchicine '** Amoroso found both colchicine and gloriosine to
have an anti-mitotic effect ¢ It has also been demonstrated that gloriosine is more
effective than colchicine in polyploid formations. Colchicine has been used in the
treatment of gout for many years. It has also been used as a cytotoxic drug in the
treatment of inoperable carcinoma.>  Therefore, in view of its wide use in therapy,
experiments have been conducted on mice, rats and sheep with the aim of discovering
its action and toxicity. Alopecia (loss of hair) caused by treatment with colchicine!33.136
and due to the ingestion of tubers of G. superba is known.s
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10. Alkaloids of Moraceae
10.1  Introduction {

Moraceae in Sri Lanka has 34 species distributed in 11 genera.'é¢ Of these, 5 species
in the genera Allaeanthus (more correctly Broussonetia’®), Artocarpus and Ficus

are reported to be endemic. The former two genera contain one each of endemic
species and Ficus has 3 species which are endemic.!t

Alkaloids are infrequent in the plant species of Moraceae. From Ficus spp.
5 alkaloids have been known, 3 having a phenanthro-indolizidine skeleton, viz.
tylocrebine (XXXVI), tylophorine (XXXIII)and septicine (XXXIX) (see 5.2. Tylophora
alkaloids) and two flavonoid-type alkaloids, viz. ficine (LXIX) and  isoficine
(LXX).12% No alkaloids have been reported from the genera Arfocarpus and
Broussonetia.
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10.2 Alkaloids of Broussonetia zeylanica (Allaeanthus zeylanicus)

The genus Broussonetia in Sri Lanka is represented by a single species B. zeylanica
Thwaites (Sinh.— Alandu) which is endemic to the country.!’ This graceful tree,
the very tough inner bark-fibres of which were used for string, seems to have become
rare as its lowland forest habitat has disappeared.’?

Although B. zeylanica had no claims of medicinal applications, when screened
some of its extracts exhibited significant antimicrobial activity agamst threc common
pathogenic organisms ; Candida albicans, E. coli and Staphylococcus aureus.”
Prompted by this, an investigation directed towards the isolation and identification
of the active copstituent had led to the recognition of a new alkaloid, 8-hydroxy-
quinoline-4-carboxaldehyde (LXXY) in 0.25% yield from the dried timber. This
alkaloid was found to be active against C. albicans and §. aureus. This was the
first report of a nmaturally occurring 8-hydroxyquinocline (oxine). However, 8-hydroxy
4-quinolone has been recently reported as a copstituent of the ink of giant octopus,
Defleini martimi.}s?
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(LXXII) ; R=N—NH—C—NH,

10.3 Biosynthesis of 8-Hydroxyquinoline-4-carboxaldehyde

Some naturally occurring quinolines are known to arise from the corresponding
indole precursors,'®* an important example being cinchonine which arises biogeneti-
cally from cinchonamine (see 11.6). It has been proposed, on similar grounds,
that 8-hydroxyquinoline-4-carboxaldehyde (LXXI) could arise from 8-hydroxy-
tryptophan (LXXIII) by a bmsyntnetlc pathway depicted in Scheme 6, for which
chemical analogues are known.!$®

{(XXIV)
XX
x |
Wi
&— |
N AN
OH o H

( X=0H or Enzyme )

X CHO
CHO 2 ] X
CHO —>
NHZ X N{
oR

(LXXI)

Scherve 6. Proposed biosyntbetic route to f-Hydroxyquinoline -4-carboxaldebyde from Brous-
sonetia zeylanica.

OH
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10.4 Pharmacology of 8-Hydroxyquinolines

8-Hydroxyquinoline and its derivatives are known to have an array of antimicrobial
properties and a number of them find uses in western medicine as topical antiseptics
and disinfectants.’?* The possible relationship between complex formation property
and tuberculostatic activity of this class of compounds had prompted synthesis and
testing of a number of 8-hydroxyquinoline carboxaldehydes and their thiosemicar-
bazones.?* 8-Hydroxyquinoline-5-carboxaldehyde (LXXIV) was found to be the
most effective against human type H-37 Rv strain of Myobacterium tuberculosi
However, the effective doses were found to be toxic to mice. Pharmacological
evaluation of 8-hydroxyquinoline-4-carboxaldehyde (LXXI) and the thiosemicar-
bazone (LXXII) has suggested that the introduction of —CHO and —CH=N-—NH
—CSNH, groups causes a decrease in tuberculostatic activity, 24

OR
(LXXIV)

i1. Alkaloids of Rubiaceae

11.1 . TIntroduction

Rubiaceae, one of the major alkaloid bearing families of Sri Lanka, is known te
covtain matnly the alkaloids of oxindole,” yohimbine'?* and heteroyochimbine
types.’” Alkaloids have been reported from several genera belonging to this family
(see Table 195).

In Sn Lanka, Rubiaceae has 158 species distributed in 50 genera of which 74
species are endemic to the country. Twenty species are reported to have uses in the
1ndigenous system of medicine. Table 15 summarises the medicinally useful and
alkaloid contaming genera of this family occurring in Sri Lanka. Of these, Mitragyna
parvifolia (Roxb.) Korth., Uncaria thwaitesii (Hook. f.) Alston and Cinchona ledgeriana
Moens. have been subjected to detailed investigations.

112 Mitragyna Alkaloids

Mitragyna and Uncaria are members of the tribe Naucleae of the family Rubiaceae. 2
Trmen has recorded two species of Mitragyna, viz. M. parvifolia and M. tubulosa
(Arn. ex Bedd) Kuntze from Sri Lapka.!s4
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TasLe 15. Medicinally used and alkaloid containing genera of Rubiaceae
found im Sri Lanka. R

No. of species No. of species -~ Presence
Genus in Sri Lanka  used in irdigenous o
(No. endemic) medicine Alkaloids®

Anthocarpus i 1 ++
Borreria 3 1 + +
Canthium 7 ) 2 ++
Cinchona 0 — ++
Gardenia 3 1 —
Hedyotis 29 (22) 1 + -+
Ixora 52 1 ++
Knoxin 4 (1) 0 + +
Lasianthus 9 (%9 s} + +
Morinda 3 3 +
Mitragyna 2 0 ++
Mussenda 2 2 -
Naouclea 1 1 —_
Neonauclea 1) 0 +
Oldenlundia 7 S —
Ophiorrhiza 7@ 1 + 4
Paverra 11 (3) 1 ++
Psychotria 139 0 + +
Randia 5 2 +
Rubia 1 1 —
Tarenna 2 i —
Tricalysia 2 (2 0 ++
Uncaria 1) 0 ++
Urophvllum 2D o] + 4+

*(+ +) indicates that alkaloids have been isolated
(+) indicates that alkaloids have been detected (Ref. 157)

Although Mitragyna species find no applications in local medical practice, some
Asian and African species have been employed in folk medicine.’3” In Thajland,
the lcaves of M. speciosa Korth. are chewed as a narcotic and the leaves of M.
parvifolia are reputed as an antidote for opium addiction. The bark of M. africana
Korth. is nused as a febrifuge in Western Africa.

In their series of investigations on Mitragyna alkaloids,47.'48,145.150 = Shellard
and his co-workers have examined the bases present in the leaves of M. parvifolia
collected in Kekirawa and have reported the presence of 8 tertiary alkaloids and the
N-oxides of 4 of them.!¥® The tertiary alkaloids present were akuammigine (LXXV),
tetrahydro-alstonine (LXXVI), Uncarine C [pteropodine (LXXVID)], Uncarine
D [speciophyiline (LXXVIIi)], Uncarine E [isopteropodine (LXXIX)], Uncarine
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F(LXXX), coryantheidol (LXXXI) and dihydrocorynantheol (LXXXI[). The
N-oxides were characterised from their mass spectra and by sulphurous acid reduction
to the corresponding parent tertiary alkaloids which were identified by TLC with
authentic samples in 2 number of developer solvent systems. Characterised in this
manner were the N-oxides of aknammigine, speciophylline, Uncarine F and dihydro-
corynantheol (see Table 18).

TapLe 16. Some peniacyclic ring E heteraoxindole alkaloids of
‘Sri Lankan Rubiaceac.

Ci-R coN-5

(7 CY-H CO19-H CR0)-H

Uncarine C (LXXVID R a /? a
Uncarioe D (LXXVIIT) S A B a
Uncarine E (LXXIX) S a B o
Uncarine F (LXXX) R £ Jii @
Mitraphyllioe (LXXXIV) R o s B
Lsomitraphylline LXXXV) S a £ B
Formesanioe (LXXXVUD R a o A

H

3 .
C(20—H
Corynantheido! (LXXXT) a

Dibydrocorynantheo] (LXXX11) /A
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Tamee 17. Some terpenoid indole alkaloids of Sa Lankan
Rubiaczae.

{ {1
N\
M HYL~
CHy allo, ehiallo
nocmat bseuds

CAYH  CQOWH

Akuammigine LXXV) )it a
Tetrahydroalstonine (LXXVT) o
Ajmalicine XX o
Isoajmalicine (LXXXIIT) il yit

Roxburghine D (LXXXIX)

TasLe 18 Alkoloidal N-oxides of S Lankan M. parvifelia

. TLC
Alkaloid % weld .Rf X 10(\)t
Speciopbylline N-oxide 1.33 14 4
Uncarine—F N-oxide 1.33 36 28
Akuammigine N-oxide 1.66 38 46
Dihydrocorynantheol  N-oxide 0.67 50 56

*Using Silica gel G/methanol
1Using Silica gel G/chloroform— roethanol, 6 @1

12—16489
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11.3. Biosynthesis of Mitragyna Alkaloids

Mitragyna species are known to produce both indole and oxindole groups of alkaloids.
In 1969, Shellard, Phillipson and Gupta observed that when both indole and oxindole
alkaloids occurred in Mitragyna species, the D/E ring systems (as in LXXIV and
LXXIIT) were identical in bothtypesof alkaloids.'#¢ Furthermore, with the exception
of M. speciosa, the major indole alkaloids present are the ones with thermodynami-
cally least stable configurations, i.e. epiallo and pseudo configurations (see Table 17).
This gave rise to the possibility that there was a well defined biogenetic link between
the formation of indole and oxindole alkaloids, The hypothesis put forward by
Shellard er. al'46 states that: (2) the plant synthesised thermodynamically
more stable indole alkaloids according to the scheme suggested by Battersby and
Hall'” for the biogenesis of indcle alkaloids, (b) these alkaloids then isomerised
into the corresponding thermodynamically less stable configuration, and (¢) all the
indole alkaloids wers then converted to. the corresponding oxindole alkaloids.
The pattern of alkaloids in M. parvifolia obtained from Sri Lanka is shown in
Scheme 7, which is different to the alkaloid pattern found in M. parvifolia samples
from Burma and Uttar Pradesh state of India,

[sopteropodine

{ LXXIX)
tetrahydroalstonine ——> J [‘
(LXXVD) Pteropodine
(LXXVID)

Speciophylline

L ( LXXVIII)
Akuammigine | i r
(LXXV)
Uncarine-F
( LXXX)

Scheme 7. Alkaloidal pattern in Mitragyna parvifolia from St Lanka.

During these biosynthetic investigations, Shellard and Houghton fed ajmalicine
(XX1) and 3-1soajmalicine (LXXXII) into young plants of Sri Lankan M. parvifolia and
in both cases obtained mitraphylline (LXXXIV) and ssomitraphylline (LXXXV),
This and a similar series of biosynthetis experiments led to the modification of the
originally postulated hypothesis (see above). Further experiments with labelled
precursors supported this modification of the original hypotheses for the biosynthesis
of oxindole alkaloids in Mifragyna species as indicated in Scheme 8.
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The Chelsea group has also examined the distribution of alkaloids in young
plants of M. parvifolia grown from the seeds obtained from SriLanka.!*® During
this study they were able to resolve one of the major problems ; the role of mitra-
phylline (LXXXIV) in the biosynthesis of Mitragyna alkaloids. Mitraphylline
was found only in the lower part of the stem (hypocotylar region) and was absent
in leaves or roots. The results of these isolation studies and experiments with
labelled precursors using the plants grown from the seeds from Sri Lanka were
considered with the results obtained using the plants grown from the seeds of Uttar
Pradesh and the alkaloid distribution in the mature trees supported the above
metabolic pathway indicated in Scheme 8.

C(3)-H x Indoles —— (C{3)-Ha Oxindoles

!

Precursors

!

C(3)~-H B Indoles  =———— C(3)-H g Oxindoles

=3 mqor route 3 ——> minor route

Scheme 8. Biosyrthesis of Oxindole alkaloids in Mitraeyna species.

11.4. Pharmzceology of Mirragyna Alkaloids

Some Mitragyna alkaloids are known to have pharmacological activity.  Mitragy-
nine (LXXXVI) 1s a general protozoal poison but is ineffective against bacteria or
pathogenic protozoa. It has a depressant effect in isolated tjssues, facilitates the
passage of impulses in the autonomic nervaus system and increases the excitability
in the medulla and probably of motor centres.®® Mitraphylline (LXXXIV), an
alkaloid reported from a number of Mifragyna species, resembles rnuitragynine in its
pharmacological activity but is less effective.’08  Mitraphylline is also hypotensive 12!
It 1s interesting to note that, in connection with the employment of Mitragyna
extracts as febrifute (see above), rhynchophylline [mitrinermine (LXXXVID)) exhibits
a significant antipyretic action.!>%137 Rhynchophylline was also found to be toxic to
paramecium.12!
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CH.O.C CHy ' CHyGC
32
(LXXXVI) Mitragynine (LXXXVI1) Rhynchophylline

The alkaloids of M. africana Korth, and M. macrophylla Hiern. produce a
reduction of the arterial pressure and a decrease in the volume of the kidney. Like
yohimbine, the alkaloids invert the action of adrenaline on arterial blood pressure.
After a previous application of the alkaloids, adrenaline produces hypotension. It
is supposed that the alkaloids have a paralysing effect on the sympathetic nervous
system.!22 It has been suggested that the hypotensive effect of the above extracts
are, in part, due to rhynchophylline (LXXXVII) !!$

11.5. Alkaloids of Uncaria thwaitesii

The members of the genus Uncaria are large woody climbers most of which are
found in the tropics particularly in the Far East. Not much attention has been
directed towards the chemical studies on this genus which was partly due fo the
confusion that existed in the taxonomy and nomenclature. However, recently the
genus Uncaria has been revised and 39 species out of a total of 120 have been recog-
nised. A number of alkaloids were isolated and identified from these species by
Phillipson and Hemingway by means of sensitive chromatographic and spectroscopic
techniques.'?>  The distribution of more than 60 alkaloids reported from Mitragyna
and Uncaria species have been recently summarised by Herath.®

The only Sri Lankan species of the genus Uncaria, U. thwaitesii (Hook. f.) Alston
which is endemic to the country has been investigated recently for alkaloids.’,82,83
From the bark basic extract, four indole alkaloids viz., formosamine (LXXXVIID),
mitraphylline (LXXXIV), roxburghine D (LXXXIX) and another roxburghine
1somer with a m.p. 215°C have been isolated in the yields of 0.009, 0.19, 0.002 and
0.003 9/ respectively. The occurrence of these less polar bases formosamine, mitra-
phylline and a roxburghine 1somer with a2 m.p. 215°C all in trace amounts has also
been demonstrated in the timber extracts of U. thwaitesii. Identification of these
alkaloids was based on spectra] analysis and chemical reactions.
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11.6. Studies on Cinchona Alkaloids

The four principal Cinchona alkaloids, quinine (XC), quinoline, cinchonine and
cinchonidine, all contain a quinoline ring linked by a secondary alcohol at its fourth
position to a quinuclidine ring. Quinidine is the dextrorotatory optical isomer of
quinine (XC) ; cinchonidine is quinine minus the methoxy group and cinchonine
is the D isomer of cinchonidine. All 4 Cinchona alkaloids have schizonticidal
activity, but quinine is the only one used in the treatment of malaria because of its
high absorption property.

Plants belonging to the genus Cinchona are not indigenous to this country, How-
ever, C. ledgeriana Moens. has been introduced to Sri Lanka with the sole intention
of exporting the bark®! for the purpose of extracting the antimalarial alkaloid,
quinine (XC) and its D-isomer, quinidine, an alkaloid active against cardiac arrhy-
thmias.!!* Therefore, Wijesekera and his co-workers had felt the necessity to devise a
simple technique to demonstrate the distribution of alkaloids in various specimens of
Cinchona submitted by exporters.!’? Their method involved a two dimensional
TLC analysis using silica gel plates and the developer solvent system CHCl,-MeOH-
17% NH, (24 : 6 : 0.05 v/v) and diethyl ether-diethylamine (17 : 1, v/v). Further,
this method may prove useful 1n the study of varielal and peographical variation of
alkaloid content in Cinchona samples.

Quinine (XC) is one of the least toxic alkaloids known. Non-fatal cases of
poisoning have been caused from iis nse as an antimalarial,’! but fatalities were
vsually due to its use as an abortifacient.s®

Extracts of C. ledgeriana have been screened for the occurrence of biogenetic
precursors of indole alkaloids and 5-carboxystrictosidine (XXIX) has been isolated
(see 4.5).%6

12. Alkaloids of Rutaceae
12.1. Introduction
The Rutaceae family of plants prodnces some 13 basic alkaloid types'? and the
acridan-9-one (acridone) group of alkaloids represents a class specific to this family.
Recently, the number of acridone alkaloids known has doubled,’? but in all cases
so far reported, the structures have been represented by modifications on a single
acridone ring system.
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Rutaceae in Sri Lanka has 40 species distributed in 18 genera,! of which 4 species
are endemic.!! Fourteen non-endemic species of Rutaceae find applications in the
indigenous system of medicine (see Table 2). Further, this family contains such
useful plants as lime (Citrus aurantifvlia L.), lemon (C. limonium L.), orange (C.
sinensis) and curry leal (Murraya koenigii, Sinh.—karapincha). Acronychia represents
an important genus in the family Rutaceae as acronycine (XCI) isolated from different
species of this genus has shown the broadest experimental anti-tumour activity of
any alkaloid studied.®® However, no evidence for clinical trials with this alkaloid
has yet been found in the literature.'¥® It is noteworthy that the bark of A. laurifolia
(Sinh.—ankenda) is used in indigenous system of medicine as an application to
sores and ulcers.'®

12.2. Alkaleids of Aralantia ceylonica

A. ceylanica (Arn.) Oliv. (Sinh.—yakinaran : 7am.—peykuruntu) is a much branched
bush armed with sharp stout spines and is common in low country and in eastern
province. The leaf juice of this plant is used for administration of pills and is an
emperical remedy to prevent attacks of ague.!

Fraser and Lewis have recently investigated A. ceylanica obtained from Sri
Lanka.’$1.52 From the wood extractives of this plant they isolated 2 major acridone
alkaloids, 3,12-dihydro-6,11-dihydroxy-3,3,12-trimetaylpyrano (2,3-C) acridine-7one
(XCID aud its 5-(3-methylbut-2-enyl) denivative (XCIII) in the yields of 0.04 and
0.003 % respectively.s?  The structures of these two alkaloids were established from
the analysis of their spectral data. These 2 alkaloids are close relatives of the acridone
alkaloid acronycive (XCI) (see above). Occurrence of (XCII) as a plant product is
particularly interesting since it has been tentatively reported as ooe of the metabolites
isolated from rat bile after dosage with acronycine!ss

TaeLe 19. Some acridone zlkaloids from
A. cevianica.

(XCn H CH, H
(XTI OH H
(XCTin OH H —CH,~CH=-<
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(xcv)

Two novel types of alkaloids where two acridone rings are joined to each other by
an ether linkage has also been obtained from A. ceylanica.st These two bi-acridone
alkaloids have been named atalamne (XCIV) and ataline (XCV).

12.3. Biosynthesis of Aralantia Alkaloids

1, 3-Dihydroxyacridan-9-one (XCVI) could be regarded as the biogenetic precursor
for all the known acridone alkaloids.” Possible biosynthetic routes from this
precursor to the 4 alkaloids obtained from A. ceylanica are given in Scheme 9.
Biogenetically, the introdnction of the 5-hydroxy function into acronycine (XCI) to
obtain (XCII) probably occurs at a later stage, perhaps via an arene oxide intermediate.”

Biogenetic considerations have aided Fraser and Lewis to locate the ether linkages
in the two novel bi-acridone alkaloids, ataline (XCV) and atalanine (XCIV) isolated
from A. ceylanicas* In both alkaloids, the ether linkage was assigned to C-5'—C-6
since all the acridone alkaloids isolated with hydroxy groups in ring A (see structures
XCII and XCIII) have it located at 5 position. In this position, it would enable the
radical intermediate (XCVI, Scheme 9) to couple with another acridan-9-one at the
C-6 position, ie. ortho to 1ts hydroxy group. However, the authors have stated that
alternative sites for the ether linkage cannot be excluded.
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$
XCI11)

: (XCV1)

7
v

(Xav) (XCV)

Scheme 9. Possible biosypthetic routes to the alkaloids of Atalantia ceylanica.

12.4. Alkaloids of Glycosmis bilocularis

The genus Glycosmis has 2 species in Sri Lanka, G. bilocularis Thwaites and G.
pentaphylla (Retz.) Corr. The former, a very rare shrub found in low country and
Mihintale in the North Central province, is endemic to the country and has been
recently analysed for its constituent alkaloids.??  Although this plant has no reported
medicinal applications, the non-endemic G. pentaphylla (Sinh.—dodanpana ; Tam —
kulapannai) 1s used in snake-bites and given in cases of low fever.28

From the basic extract of the leaves and stems of G. bilocularis, Bowen and Perera,*?
had isolated 7 alkaloids out of which one is a new acridone alkaloid. The known
alkaloids isolated were of acridome, quinazclone and furo (2,3-b) quinoline types.
The quinazolone alkaloids identified were glycorine (XCVII) and arborine (XCVIII)
whereas furo (2,3-b) quinolines included dictamnine (XCIX), skimmianine (C) and
kokusaginine (CI). The acridone type which is characteristic of the family Rutaceae
included the known alkaloid arbornine (CII) and a new base :5-hydroxyarborinine
(CIII). It is mmportant to note that the presence of acridones hydroxylated at
C-S appears to be a characteristic of the Sri Lankan Rutaceae (refer XCII, XCIII
XCIV, and XCV).
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Glycorine (XCVII) ; R=H Arborinine (CII) ; R=H
Arborine (XCVIII) ; R=CH,Ph 5-Hydroxyarborinine (CIII) : R =0H
TABLE 20. Some furo (2, 3—b) quinoline alkaloids
of Rutaceae.
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Dictamnine XC1X) H H H
Skimmianine ©) OCH; OCH; H
Kokusaginine  (CI) OCH;y H OCH;

12.5. Alkaloids of Micromelum ceylanicum

Micromelum ceylanicum Swingle, the only species of this genus found in Sri Lanka
which has been wrongly reported by Trimen!6* as M. pubescens (Sinh.—wal-kara-
pincha ;  Tam.—kakaipalai) is a small tree common in low country especially in
the dry region. This plant has also been examined by the same authors?? and they
bave isolated an alkaloid whose structure is presently under investigation.

13. Miscellapeous Studies

13.1. 5-Hydroxytryptamine jin Edible Fruits

5-Hydroxytryptamine (SHT) or serotonin (CIV) which is known to be derived from
the amino acid tryptophan (XXIV) is considered to be an important biogenetic
amipe.'®  Prompted by a report?® of its occurrence in banana, and clinical conse-
quences, Dharmatilaka and Kottegoda have investigated a number of edible fruits
from Sri Lanka® for its presence. Their method of analysis involved the preparation
of extracts of these fruits by a known procedure'® and an assay for SHT by a method
developed by Kottegoda®” on the heart of brackish water molluscs, after identification
by paper chromatography. It was found that anamaly plantain, papaw (Curica
papaya) and Jambola (Citrus decumana) contained appreciable amounts of SHT.

NH
- H 2
(CIV)



80 A. A. L. Gunatilaka
The authors have commented that the presence of SHT in common edible fruits is
of clinical significance as the ingestion of these may produce false positive results.
when the urine samples of patients with suspected carcinoid tumour are examined.

14. Summary and Conclusions

The plant species of Sri Lanka that have been studied for alkaloids and the alkaloids
isolated from these are summarised in Table 21. A total of 22 plant species including
9 endemics have been investigated and from these 68 alkaloids have been 1solated and
11 detected by zhromatographic techniques. Amongst the alkaloids isolated,
10 were found to be new. Besides 8-hydroxyquinoline-4-carboxaldehyde (LXXI)
obtzined from the endemic species Broussonefia zeylanica (Moraceae), these new
bases have not been evaluated for their biological activity.

TabpLE 21. Alkaloids found in Sri Lanka Plants
FAMILY Alkaloid(s) presenf Ref
Plant species Name(s) Formata(e) '
ANCISTROCLADACTAE ) .
Ancistrocladus hamatissl  ancistrocladine [0)) 66
hamaltine3 arn 66
APOCYNACEAE i
Holarrhena mitist conessine V) 19, 27, 101
1SO-CONessimine (VI) 27
holacienine x> 27
conkurchine (X1IT) 27
holarrhenine (VID) 27
holafebrine (X) 27
holarrhimine ‘ (X1) 27
N-3-meth: lholarrhimine  (X11) 27
mutiphyilice ) (XV) 89, 102
N-desmethylmitiphylline  (XVI) 89, 102
triacanthine (XIV) 89, 101, 102
copamine (VITD) 101
Catharanthus roseus vbicaleukoblastine?,4 (X IX) 70, 152
and C. pusillus Jeurocristine?,4 (XX) 70, 152
ajmalicine2,4 (XX1) 70, 152
vincamine2,4 LX) 70, 182
(Vinca spp.) Sct-carboxystrictosidine (XXIX) 36
strictosidine (XXVI) 36
Rauwolfia serpentina See-carbexystrictosidine (XXIX) 36
strictodcsine (XXVII) 36
Kopsia fruticosa ajmalicine?, 4 (XX1) 7
ASCLEPTADACEAR
Tylophora astnmatica tylophorine (XXXI) 126
tylophorinine (XXX1V) 126
tylophorinidine (XXXV) 126
T. cordifolia tylophormine2 (XXXIVY 126
T. feval tylophotine2.4 (XXX 126
tylonhornintne? (XXXIV) 126
BERBERIDACEAE
Berberis tinctoria berberine4 (XL) 144
lankamine3 and
11 other alkaloids 144
LAURACEAR
Neolitsea fuscatal jsoboldine (XLIN) 72
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FAMILY

Alkaloid(s) present

Plant species Name(s) Formula(e) Ref.
LILIACEAE .
Gloriosa superba colchicine4 (LXV) 31,43, 44,110
N-formyi-N-deacetyl (LXVID) 44, 110
-colchicine
2-demethyl colchicine (LXVID) 4, 110
lumicoichicine (LXVIID) 44
LEGUMINOSAE o
Erytirina lithosperma erythratidinone L) 15, 16
3-demethoxyery-
thratidinone (LD 15, 16
erythraline4 (XLVD) 15, 16
erysotrine (XLVIID) 15, 16
E. fusca erysotrine (XLVHI) 15
Crotolaria walkeril crotaverrine3 (LXII) 160
O-acetylcrotaverrine (LXTIT) 160
MORACEAE .
Broussonetia zeylanical  8-hydroxyqguinoline
(= Allaeanthus zeyianicus) -4-carboxaldehyde3,4 (LXXID) 71
RUBIACEAE _ .
Mitragyna parvifolia akuammigine (LXXV) 149
tetrahydroalstonine (LXXVD) 149
Uncarine C (LXXVIT) 149
Uncarine D (LXXVIID) 149
Uncarine B (LXXIX) 149
Uncarine F (LXXX) 149
corynantheidol (LXXXI) 149
dihydrocorvnanthecl (LXXXID 149
akuammigine N-oxide
Uncarine D N-oxide
Uncarine ¥ N-oxide 149
dlhydrocoryn“ntheo]
N-oxide 149
Uncaria thwaitesiil Uncarine A (LXXXVIID) 81-83
mitraphylline4 (LXXXIV) 81-83
roxburghine D (LXXXIX) 81-83
Cinchona ledgeriana quinine2,4 (XO) 171
quinidine2,4 171
Sct-carboxystrictosidine (XXIX) 36
RUTACEAE
Atalantia ceylanical acridone alkaloid A3 (XC11) 52
acridone alkaloid B3 (XCIII) 52
atalanine3 (XC1V) 51
ataline3 (XCV) 51
Glycosmis bilocularis! glycorine (XCVID 22
arborine (XCVIII) 22
dictamnine (XCIX) 22
skimmianine (&) 22
kokusaginine (1)) 22
arborinine (CID) 22
S-hydroxyarborinine3 (Ci) 22
Citrus decumanag serotoninz (C1V) 38

lendemic to Sri Lanka

2alkaloids detected but not isclated

3new alkaloids

4pharmacologically active alkaloids.

81
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Although Sri Lanka has a rich flora and alkaloids are of medicinal significance,
it seems surprising that only a little effort had been directed towards the isolation of
this important group of metabolites from lccal plants. Recently, a comprehensive
phytochemical study of Sri Lanka plants had been presented.!$®  This report contained
only 2 alkaloid bearing species out of the 101 plant species that have been investigated.
On the other hand, an extensive screening programme had shown that out of the
464 plants testzd at least 201 contained alkaloids which is above the average incidence
anticipated.!s”.'s* However, this is not unexpected from the plants of tropical
region,!” especially as the collections have been made mainly from alkaloid rich
families.

The importance of research in the field of plant alkaloids with potential medicinal
applications need not be overemphasized. Since at least 830 flowering plants are
unique to the island, the prospects of obtaining new drugs from this source would
appear to be good. 1t may therefore, seem strange that pharmacologists, unlike
botanists and chemists in Sri Lanka have given little attention to native plants.

There is no good reason to believe that if plants are examined at random, the
chemicals extracted from them would provide a useful collection of medicinal
agents. However, if folkloric claims are used in conjunction with preliminary
screening programmes there is a greater chance of obtaining new drugs from local

plants.
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