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(Paper accepted : 12 October 1977)

Abstract : The seeds of nearly 50 sclected legumes (mainly those commonly found in
Sri Lanka) were screened for the presence of cyanide and cyanogenic glucosides. Caly
four of these contained significant amounts of cyanogenic glucosides ; all were
varieties of Phaseolus lunatus (sieva bean or lima bean). Methods of processing to
eliminate the cyanogenic glucoside was investigated with success. Local strains of
Vigna sinensis, Phaseolus vilgaris and Pisum sativum were found to contain less
cyanogenic glucoside than previously reported for strains grown elsewhere.

1. Intreduction

The presence of cyanogenic glucosides have been reported in some plants of Family
Leguminoseae. Its occurence in lima bean (Phaseolus lunatus) and sieva bean
(Phaseolus lunatus 1..) has been well documented.!7.8%1 The glucoside was
identified as linamarin as early as 1907, and since then there have been many studies
on its distribution in the plant’® and some on the effect of processing.®'2 The only
studies in Sri Lanka have been those of Charvanapavan® who in 1944 gave some data
on the analysis of a locally available variety of lima bean but the account bears no
description of either the variety or the method of analysis used.

Very little work has been conducted on cyanogenic glucosides of other legume
seeds although Jaffe® and Montgomery'® have reported that varieties of Phaseolus
vulgaris (kidney or navy bean) Pisum sativum (garden pea) and Vigna sinensis (black-
eye pea) contain cyanide in the order of 20 p.p.m. Cyanogenic glucosides have
also been reported in Cicer arietinum and Lathyrus sativus.®

As in the case of the cyanogenic glucoside content of manioc, the methods of
assay previously reported relied upon were either autolysis* or acid hydrolysis.
The former assay is probably valid for most fresh samples but cannot be applied to
processed material. The latter assay, as in the case of manioc, gives low results
and is therefore not valid. In addition to the methods mentioned, another assay
based on the use of sweet almond extract? (a source of glucosidase to decompose the
amygdalin type of ¢yanogenic glucoside) has been recommended, but this would be
ineffective on the linamarin type of cyanogenic glucoside which is generally present
in the Phaseolae ; cyanogenic glucosides can be classified into four groups according
to the chemical structure of the aglycone.?

Our studies have been mainly based on the application of the enzymic assay
worked out for the cyanogenic glucosides of manioc, viz. the use of exogenous lina-
marase to hydrolyse bound cyanide. The assay has been found to work successfully
on lima bean. In studies on screening, our work has been based on the reasoning
that all cyanogenic glucosides except the linamarin type are decomposed by acid to
give high yields of cyanide. Due to this, an initial screening was done by acid
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2 E. R, Jansz and Nirmala Pieris

hydrolysis and further tests were done only on those giving at least a slight positive
reaction or those previously suspected for containing linamarin. The studies have
shown that : (i) nearly all the types tested contained liitle (less than 5 p.p.m)
or no cyanide, (2) varieties of lima bean could contain up to 800 p.p.m. total
cyanide, (3) it is possible to process the lima bean so that only a small fraction of
the total cyanide is prcsent in the cooked material.

2. Experimental
2.1. Plant Material

2.1.1. General

Seed material was obtained from a variety of sources. Varieties of Dolichas,
Psophocarpus (iniroduced) and Phaseolus lmatus (white) were obtained from ihe
Agriculture Department Dry Zone Research Station (Mahailluppallama). Seeds
of cover crops were obtained from Mr. Roy Bandaranaike, while common varieties
of grain legumes were purchased in the open market or from Agriculiure Department
sales outlets. The remaining seeds were collected during ficld trips or from home
gardens. The last category included Canavalia gladiatus (awara} Cajanus cajan
(tur dhal) Phaseoius lunarus (lima bean-black varicties) and Psophocarpus tetragono-
lobus (local variety).

2.1.2. Lima bean (black variety).

The seeds tested were obtained from plants grown in home gardens. The plant is a
climber with leaves and flowers typical of the Phaseolac. Pods are 6 to 7cm long and
green when tender and generally bear 3 black seeds (due to a dark purple pigment in
the testa). The seeds are flat with an average weight of 0.33g (at 13.5% moisture)
bearing the typical markings of Phaseolus lunatus varietics.

2.2. Preliminary screcning of samples for cyanogenic ghicoside

The seeds (20g, 10%; to 15 %, moisture) were coarsely ground and hydrolysed with 4N
H,SO, during steam distiilation (45 min). The distillate (175 ml) was collected in
50 ml of 6.25% Na,CO; and tested for cyanide by the picric acid test.!*

'2.3. Tests with manioc linamsrase

The samples were finely ground in an edge runner mill (3504 particle size) and known
weights (20, 10 or 5g) suspended in 100ml of 0L.0ZM citrate buffer (pH 5.4) was
incubated with manioc linamarase (100 units) for 4 to 8h and total cyanide determined
as described previously.!' Awutolysis experiments were carried out in the absence of
manioc linamarase. Free cyanide was determined as described previously.!* Manioc
linamarase was prepared by the method of Wood.!*

3. Results and Discassion

3.1. Screening tests for cyanide

Screening tests for cyanide in the legumes using acid hydrolysis gave negatwa results
(sensitivity 10 p.p.m. for the linamarin type and 5 p.p.m. for other types of bound
glycosidic cyanide) for most of the seeds tested (Table 1). Possible trace quantities
were detected in a Mimosa and Crofolaria brownei, while definite cyanide positive
reactions were observed with 4 varieties of Phaseolus lunatus (Table 1).
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Studies on Some Local Legumes

TapLe [-—Screening of legumes for bound cyanide
5 : Cyanide
Code Plant Species (Acid hydrolysable)
PBla Atylosia —
PRB2a Cajanus cajan —
PDla Crotalaria anagyroides —
PD1b Crotalaria brownei +
PDIlc Crotalaria usaramoensis £l
PD2a Trigonella. foenum graecum e
PEla Centrosema pubescens —
PE2a Clitoria ternatca e
PE3a Glycinie max 5,
PFla Arachis hypogea —
PF2a Desmodium gyrjldcs —
PFZb Desmodium incenatum —
PP2c Desmodium ovalifolium —
PGla Calpagoniam mucunoides —
PG2a Canavalia gladiatus -
PCi3a Delichos bi florus —
PG3b Dolichos lablab {yellow) —
PGic Dolichos lablab (brown) —
PG4 Erythrina —
PG35b Phaseolus lathyroides —
{Pueraria javanica)
PGhe Phaseolus lunatus (black) e
PG5d Phaseolus lunatus (white, small) 44
PGsdl Phaseolus lunatus (white, smali) + 4+
PGse Phaseolus lunatus (white, large) 44
PGSf Phaseolus mungo ; 2
PGSg Phaseolus munga (var. radiatus) —
PGsh Phaseolus vulgaris (butter bean) e
PG5 Phaseolus vulgaris (navy bean) —
PG5j Phaseolus vulgaris (bush bean) —
PG5k Phaseolus vulgaris (wal bonchi} —
PGéc Psophocarpus tetragonalobus —
(Light brown)
PGTa Pueraria kudzu RE
PGTb Pueraria phaseoloides -
PG8a Stizolobium nivea (mottled) e
PGEb Stizolobium nivea (grey) —
PGSc Stizolobium nivea (black) —
PG8d Stizolobium nivea (black, large) =
PG9a Vigna sinensis (black) 1
PGY%b Vigna sinensis (brown) —
PGY% Vigna sinensis (vellow) —_
PGod Vigria sinensis (panduru me) —
PHla Tephrosia candida 7
PHIb Tephrosta candida belga -
PHlc Tephrosia candida belga S —
PHI1d Tephrosia_vogelii —
Plla Pisum sativum A
MB?a  Mimosa I T
CAla Cassia species —
+, Trace 5—10 p.p.m. cyanide
++4+. 20—50 p.p-m. cyanide
+++, S50—100 p.p.m. cyaride

+4+-+, > 100 p.p.m. cyanide
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4 E. R. Jansz and Nirmala Pieris

Studies using linamarase as the cyanide releasing agent on those seeds giving
cyanide positive reactions and also those legumes previously reported®.® to contain
glucosidic cyanide showed that the mimosa variety contained 14 p.p.m. total cyanide
and C.browrnei less than 5 p.p.m. Conirary to reports in the literature (which have
quoted values of the order of 20 ip.p.m.) the total cyanide levels in the edible
legumes, Pisum sativum, Vigna sinensis (4 varieties: black, brown and yellow medium
sized seed varieties and ‘panduru mc’) and Phaseolus vulgaris (4 varieties : Navy
bean, butter bean, bush bean and ‘wal bonchi’, all seld by Agriculture Department
sales outlets) were very low, being present only in trace guantities (less than 5 p.p.m.)

Cyanide lzvels of Phaseolus lunatus varigties are given in Table 2. All results
quoted refer to one baich of seeds. These studies showed agreement with the
literature on the point that smaller, darker seed types contain more bound cyanide.

Tasre 2-—Cyanogenic glucoside content of some varieties of

lima bean
Variety Source Tmél . ;}I;":‘r;ide
1. Black small Kegalle 460
PGSe
2, Black small Grown in Colombo 500
PGS5e
3. Black small Matara 792
PG5cl
4. White small Mahailluppallama 93
PGSd
5. White small Mahailluppallama 110
(Henderson Bush) {Nigerian)
PG5dl
6. White large Mabailluppallama 46
(Burpees Bush) (Nigerian)
PGSe

Assays done Lsing autolveis and exogenou s linamarase. For experimental
details see 2.3. Each experimental point refers to one batch of seeds.
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Studies on Some Local Legumes 5

3.2. Conditions of assay for total cyanide of P. Lunatus (PG5c).

Before initiating detailed studies on the effect of processing and cooking on the
cyanogenic glucosides of the seeds, it was decided to compare the efficiency of the
various methods of analysis available. It was found that the best results were
obtained cither by homogenising the fresh seed followed by autolysis or by use of
exogenous linamarase on an extract of the powdered seed (Table 3). For the latter
purpose the sced must be dried to less than 8% moisture at a temperature below
70°C before powdering in an edge runner mill. It was found that drying at 110°C
caused some lowering of the total cyanide value possibly due to quick autolysis of
the tissue and the resulting loss of free cyanide formed. Drying also reduces linama-
rase activity rendering autolysis ineffective {Table 4). However, the results of most
of the methods used in Table 2 are comparable considering that sampling of seeds
for assay resuits in an almost 109/ standard deviation (90 % probability) when random
samples of 20 seeds are used for the assay (done six times in paraliel). This was
no doubt, due to the variation of total cyanide content from seed to seed and this
deviation could be reduced by vastly increasing sample size. However, it was
decided to slightly increase sample size to 30 seeds for the experiments desoribed
below, due to : (1) the limited quantity of seed material available (2) the fact
that the effects studied showed relatively large changes (much larger than the standard
deviations observed).

TaBLE 3—Assay of total cyanide in lima bean by various methods

; Temp. of clr):i'ﬁg_-Toial cyania;
Mcthc_)d of Assay of seed (°C) (p.p.an)
1. Acid hydrolysis o 158
2. Autolysis (4h) s 460
3. Auwrolysis (15 min) + 70 473
Exogenous linamarase (5h)
4. Autolysis (11h) + 70 464
Exogenous linamarase (3h)
5. Autolysis + 70 492
Exogenous linamarase (4h)
6. Autolysis (4h) 70 423
7. Autolysis + Exogenous 110 396

linamarase (overnight)

B. Autolysis + Exogenous 110 418
linamarase (4h)

In 3 and 4 autolysis and exogenous linamarase hydrolysis were carried out in a
two step process with a distillation step inbetween. See Table 3 for autolysis
values. In other cases (5.7 and 8.} the reaction was stimultaneous.

For further experimental details see 2.2, 2.3. One batch of such was used of the
above set of results.
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TaBLE 4—Effect of temperature of drying on the autolysis of
cyanogenic glucosides

Time Temperature Cyanide released

(h) (C) (pp.m.)

0.25 70 90

0.75 70 150

1.5 70 279

3 110 48
4 70 ! 423

4 110 66
5 110 83

Fer experimental details see 2.3. Results refer to one batch of
seeds.

The results of Table 2 show that use of manioc linamarase is a valid method of
assaying linamarin in lima bean. This was important as this method has to be used
for assaying processed lima bean where autolysis cannot be nsed and acid hydrolysis
results in abnormally low values for bound cyanide content.

3.3. Location of cyanogenic glucosides

In many cyanogenic tissues the outer layers of the tissue contain larger quantities of
glucoside. Separation of the testa (13.5 % by weight) from the rest of the seed showed
that the reverse was true in this case ; the testa contained only 90 p.p.m. total
cyanide compared to 582 p.p.m. for the rest of the seed. In other words, only 2.5,
of the total cyanide was present in the testa. This variation of cyanogenic glucoside
content of the different regions of the seed might account (in part) for the deviations
observed in the assay.

3.4. Effect of soaking and boiling

There are several methods of cooking lima bean (in Sri Lanka). Most of these
methods involve a soaking stage prior to boiling. A number of variations were
tried out and it was noticed that swelling up of the seed markedly affected the final
total cyanide content of the boiled seed (Table 5). Whereas soaking in water or
dilute Na,CO, resulted in only about half the seeds swelling and considerable residual
total ¢yanide, induced swelling caused by slightly damaging the seeds or by removal
of the testa (of undried fresh seed) resulted in considerably greater loss of total
cyanide, However, the most promising results were obtained by boiling germinated
seeds ; here only 3% of the original total cyanide remained.

All the above observations were true for seeds that were freshly harvested (within
one month). However old seeds (15 months after harvest) are much easier to
detoxify (Table 6). These seeds which are 80%, to 909, non-viable swell up abnormally.
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TasLe 5—FEffect of soaking ard boiling on total cyanide content of lima

bean seeds
1) % Residual total Total cyanide
TR '*’“EE!E;" k% cyvamide {p.p.m.) remaining { %
vl
i S—~B—R-—B 47 348 70
2 D—ws5—B--R—8 100 87 17
3 5%*_B—-R—B 47 306 i 6l
4 R—S5-—B--B 100 196 25
5. G—-R—-B—-BR 100 15 3
5, Soak, (244 ;
B, Beil 15 nun
R, Remove testa ;
D, Damage ;
G, Germinate (5 days moistening)
5%, Soak in Na,CO; (24h)

For details see 3.4; Rcsults refer to one batch of seeds.

TaBLe 6—EfTect of soaking and boiling on total cyanide content of
old lima bean seeds

TFreatment Residual total

cvanide (p.p.m.) %, Remaining
1. §—B—B (over swollen) <5 <1
S R <5 <l
(over swollen)
3. 3—-~B--B 160 35
{selected unswollen)
4. B—R-—B 40 (1]
5. B—B 127 28

See Table 4 for abbreviations,
For details see 3.4. Results refer to one batch of seeds.

3.5. Fate of cyanide in seed on soaking

Studies on the effect of soaking showed that there was very little free cyanide in the
soak water. Next, it was decided to find out at which stage the cyanide was lost.
In order to determine this, two sets of experiments were designed.
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Experiment 1.

The seeds were soaked in a closed system (a cyanide determination steam distillation
apparatus). After the soaking period (3 days) the seeds were boiled (during the
steam distillation process). The boiled seeds were then separated from the aqueous
medium and both medium and sced tested for bound cyanide. The resuits (Table 7)
showed that aithough more than 50% of the original total cyanide was present in
the soak-boil water in the form of bound cyanide, very little free cyanide was present.
Further, a cyanide balance calculation showed that about 20% of the original total
cyanide was unaccounted for. This suggested the possibility that some cyanide
(free 7) was converted to other products, probably by a natural detoxification
mechanism in the seed. The next set of experiments resulted in a similar conclusion.

TasLe 7—Fate of bound cyanide in lima bean on soaking and boiling

Cyanide
p.p.m. %
A - . -
1. Free cyanide released on soaking and boiling 13 2.6
2. Total cyanide in seed 120 24
3. Bound cyanide released on soaking and
boiling 265 53
B . .
1. Free cyanide in soak water 0 0
2. Bound cyanide in soak water 0 0
3. Total cyamde in seed 154 31
4. Bound cyanide in boil water 169 33

For details see 3.5. Results refer to the batch of seeds.

Experiment 2.

In this experiment, free and bound cyanide in the soak water and bound cyanide in
the boil water was determined. As no free cyainde is formed during boiling stage
(Table 7A), the results (Table 7B) again showed some of the original cyanide was
unaccounted for. The results also showed that release of bound cyanide takes place
not during the soaking stage but in the boiling stage.

3.6. Detoxified flours

An attempt was made to prepare detoxified lima bean flour using the data accumulated
above. The seeds were dried at 60°C and then ground into a fine flour. Water
was added until a thick paste was formed and the mixture incubated for 4h after
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which the paste was dried first at 60°C (to 15% moisture) and then at 100°C for
2h. The total cyanide content of the resulting flour was found to be 85 p.p.m. (17%
of original total cyanide). Although it was considered possible to remove a larger
fraction of the cyanide by (1) increasing amount of water added to flour and (2) by
increasing incubation time (for autolysis), further work was not carried out as the
flour obtained had a highly undesirable purple colouration arising from the pigment
of the testa and because the removal of the testa was an operation which is unlikely
to be accomplished easily on a large scale.

4. Conclusions

Most edible legumes contain little or no free and bound cyanide. The same is true
also for legumes that are not usually caten. The only exception appears to be the
lima bean which can contain dangerous levels of bound cyanide. However these
studies show that proper cooking procedures can be used to reduce the total cyanide
content to relatively safe levels. The availability of safe methods of processing may
provide sufficient impetus for the cultivation of this bean, which is a high yielder and
whose cyanogenic character protects it from insect attack.
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Bellows Effect of Sarong and Trousers

V. BASNAYAKE AND R. A. D. NICHOLAS
Department of Physiology, Faculty of Medical, Dental and Veterinary Sciences,
University of Sri Lanka, Peradeniva Campus, Peradeniva, Sri Lanka.

(Paper accepted : 8 November 1977)

Abstract : The bellows effect of two garments—sarong and trousers—upon the
ventilation of the skin of the lower limb wa: measured by determining the loss in
weight of pieces of a volatile substance, paradichlorobenzene, placed inside wire
cages which were attached to the leg and thigh during 30 minutes of walking. The
weight loss was of the order of 100 mg and there was no significant difference between
sarong and trousers, or leg and thigh, with regard to the weight loss.  The bellows effect
is due to a wind created in situ under the garment rather than to a wind entering the
garment from below.

1. Introduction

Garments have a bellows effect, that is, the movemen! of garments gives rise to the
pumping of air over the skin which is covered by the garments. This gives rise to
convective exchange of heut between the body and the air.. In warm climates, the
bellows effect is helpful in promoting heat loss from the clothed body during move-
ment if the air is cooler than the skin.

The sarong and trousers are the commonest garments worn by men in contempo-
rary Sri Lanka. Both hang down from the waist and cover the lower part of the
trunk and the lower limbs. The sarong is a simple untailored tube of thinr cloth,
whereas trousers are tailored to fit the crotch and each lower limb separately with
cloth of variable thickness. Many people have the custom of wearing trousers to
work, and sarong during relaxation or sleep.

The present investigation sought to estimate the bellows effect of sarong versus
trousers upon the lower limb,

2. Experimental

The principle of the method used in this investigation is to attach a sublimable
substance to the lower limb between the garments and the skin ; the loss of subs-
tance during movement is assumed to be an index of the bellows effect.

If the skin is painted with an alcoholic extract of asafoetida, the bellows effect
removes the asafoetida ; and the observer’s nose can detect the decrease or dis-
appearance of the odour of asafoetida from ihe skin. This method is, of course,
subjective and non-quantitative.
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12 V. Basnayake and R. A. D. Nicholas

Nishi and Gagge used naphthalene held near the skin to measure convectional
loss of heat from the skin. Naphthalene balls, 3 cm in diameter, were held 3 cm
off the skin at various points in the body. The ventilation of the skin was held at
30 feet per minute. Activities tested were sitting, walking and cycling.

The volatile substance paradichlorobenzene (PDB) which is commonly used, like
naphthalene, as an insecticide for domestic articles such as textiles, is more sublimable
than naphthalene. Whereas the weight loss of a piece of napthalene held in a wire
cage on the leg under a sarong or trousers was of the order of 10 mg at the end of a
half hour’s walk, that of a similar piece of PDB was of the order of 100 mg. The
weight loss of a 1.7 g piece of PDB if it were simply kept in a wire cage on a laboratory
table for half an hour was found to be about 25 mg ; if a fan blew air on it with
a wind speed of about 280 metres per minute the weight loss increased to about 60 mg.
If it were kept outside the wire cage the weight loss was about 50 mg, or about 90 mg
with a fan blowing on it.

The PDB was cut into roughly square blocks aboui 1.0to 1.5 cm long. It 1s
assumed that small differences between the shape and size of the blocks used in the
present series did not have any important effect on the loss of weight of the blocks.
A block of PDB was put into a wire cage. The shape of the cage was cylindrical
with a length of about 5 cm and a diameter of about 1 em. The wire was thin
(gauge 0.2 mm) and of close mesh (2 mm square). The wire cage was weighed
and then attached to the middle of the leg, or the junction of the lower and middle
thirds of the thigh on its medial side, by means of a wire handle and rubber bands.
One cage was attached to the left limb and another to the right. The subject then
walked outside the laboratory for 30 minutes. He took a stopwatch with him so as
to time the walking. At the end of the walking, the cages were detached and weighed
to determine the loss in weight of the PDB inside the cage.

3. Resulis
The results are shown in the accompanying table.

None of the differences between the mean values for subject ERMR (sarong vs
trousers, or left vs right, or leg vs thigh) was statistically significant, except possibly
for the difference between leg and thigh with trousers (mean value for leg 101, thigh
84, ¢t value 2.1 ; 0.05 > P > 0.02).

4. Discussion

There is a very appreciable loss in weight in the block of paradichlorobenzene attached
to the leg or thigh during walking. It is of the same order of magnitude as that
produced in a similar piece of the substance by blowing air over it at nearly 300
m/min.
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TaeLE 1. Weight loss of 5 piece of paradichlorobenzene placed in a wire cage attached to
the leg or thigh during 4+ hour of walking in sarong or trousers. Mean + standard

deviation. ;
Weight loss of the wire cage (mg)
Number of - —_—
determinations  Left side Right side Both sides
A.  Wire cage attached to the /eg
Subject ERMR
Resting (sitting) with sarong
tucked up to expose the legs 1 20 25 23
Walking for 4 h wearing—
ng 8 9 + 30 90 + 41 93 + 35
Sarong tucked up to
expose the legs 1 90 70 80
Trousers 8 89 + 26 78 + 24 B4 + 22
Subject RP ;
Walking for + h w —
Sarong 1 97 60 79
Trousers 1 92 80 86
B. Wire cage attached to the rhigh
Walking for + h >
Subject ERMR wearing —
Sarong 8 112 + 35 111 + 18 111 + 27
Sarong tucked up to
expose the legs 1 63 60 62
Trousers _ 8 93 + 23 109 + 28 101 + 26
Subject RP wearing —
Sarong i 58 60 59
Trousers 1 156 170 163
Subject BMPB wearing
Sarong 1 102 114 108
Trousers 1 148 127 138

Possible causes of the loss in weight of the block of PDB are (i) sublimation of
paradichlorobenzene and (ii) dropping off of pieces of paradichlorobenzene as
powder or flakes. The latter is not likely to be important. In experiments done
with the wire cage enclosed in a cloth bag there were no flakes or powder to be seen
in the bag at the end of the experiment and there was no increase in the weight of
the bag alone. The paradichlorobenzene still lost weight but the weight loss was
halved, presumably because sublimation was hindered by the cloth bag.

The similarity in the order of magnitude of the weight loss of PDB in the leg and
thigh sheds some light on the mechanics of the bellows effect. Let us consider two .. .
hypotheses : (@) the bellows effect is due to a current of air entering and leaving
through the lower open end of the garment, and (b) it is due to a mixing and a
blowing about of the air which already exists between the garment and the skin.

If hypothesis () were correct we would expect the loss in weight of PDB to be
greater on the leg than on the thigh. Since in fact there was no significant d’iﬁ'ercnce
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between leg and thigh, hypothesis (b) seems more likely to be correct than (a).
This conclusion was further supported by the finding that the application of a ligature
on the trousers above the ankle or knee had little or no effcet on the weight loss of

the PDB.

5. Conclusions

The weight loss of the paradichlorobenzene (PDB) placed in a wire cage attached to
the leg or thigh during 30 minutes of walking was of the order of 100 mg. There
was no significant difference whether the garment worn was sarong or long trousers.
The weight loss of the PDB is attributed fo a “bellows effect” i.e. a wind created
under the garment during movement. This wind seems to be created in situ under
the garment rather than one which enters the garment from below.
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Apstract : The problem considered in this paper is an exiension of the problem (A) :
What conditions on the convergence factor g (x) are necessary and sufficient in order
that the product f(x) g (x) is absolutely Cssiro limitable of order r whenever f(x)}is
absolutely Cesaro limitable of ordec & 7 We find necessary and sufficient conditions
in order that, for some " ; f(x)g (x) ~ I' xP+Q | C, r | whenever f(x) ~ IxP 1 Gk
for somel, where p > — 1, p-tg >~ -1, ke N, r = k, and f, g satisfy suitable local
conditions. When p — g = 0. the conditions we obtain in this casa are procisely those
required in problem (A),

i. Introduction

We have considered® the problem of finding conditions which are necessary and
sufficient in order that f(x)g(x)=0( xP*a) | C, r] whenever f(x) = 0(xp)
| C k|, where r.keZ', r=k p,q €l 2 +4¢=-1/fis locally Lebesgue inte-
grable and g*1 is ocally absolutely continuous. We showed that in this case, the

convergence factor g belongs to a restricted class, viz., a subclass of the class of all
polynomials.

In this paper, we consider the case p - ¢ > ~ 1 and the problem in a slightly
more general form. We find conditions necessary and sufficient in order that
for some /', f(x) g (x) ~ 1" x*4 | C, r| whenever f(x) ~ Ix? | C, k| for
some/ wherep > —1,p+¢> -1, r,keZtr =k, g isbounded and measurable
locally when k = 0, and g+ is locally absolutely continuous when k = 1. The
sequence analogue of this problem for p = g = 0 has been considered in (3).

The following are some preliminary definitions :

: X
If felie &N, define I, £ (x) = f, (x) = f Ekx:—l’));_l £ (@) dt, and £, (%) = £ (%).
' 1

If p>-1, we write f(x) ~Ix? | C, k| if

(P+1) (p+2) ... (P + k) x 2% f, (x) >/ as x —> c0 and x 07k £ (x) € BV (1, o).
In particular, f( x ) is absolutely Cesiro limitable of order & to /

Hk1x*fi(x)>lasx—> and x%f, (x) e BV (1, ).

16489—3
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16 C. Yogachandran
2. Statement of the Theorems

We assume throughout thatp > -1, p 4 g > —~1 and the local conditions stated
above hoid.

Theorem 1. () If r = k = 0, a necessary and sufficient condition that
f(x)g(x)~D»ta C, 0] whenever f(x)~ 1P |C O] is that
x9g(x)eBV (], ). '
by If k-0, r=1, a nasoc that f(x)g(x)~0VxPt| C 1| whenever
flx)~Ixp C0] is (DpixP e IxPg(x)e BV (1, ). :

{¢) If k=0, r> 1, then conditions n.a.s. in order that
flx)yg(x)~1Ixvta| C r| whenever f{x)~ ix?|C, 0]are:

"X
(1)e t2g(t)dt=0(x) as x - oo,
1

=

(i} xPa '] xPg(x})eBV (1, 00).

Theorem 2. If » = k = 1, conditions n.as. thatf(x)g(x)~0Vxpte | G r|
whenever f(x)~Ix?|C, k are:

() g(x)=0(x1) as x >0
() g&1(x) =0 (xu-*) as x —» o0

(i) xPaTf xPg(x)eBV (1, 00).

3. Auxiliary Resalts
In this section we give some results which will be used in the proofs of the theorems.

GrH—i
e — j =1, 2,... r—1, reN, then

Lemma 1 If d;, — e
r i '

D = det (dy) (r—p x (1—p = K 070 where k == 0, and D;; the cofactor of d
in D is given by Dy = K;; 0 "? ™!, where Kj; is independent of 6.

This result is easily proved, by induction with respect to r.

Temma 2 If nefy, " e ACLe, P(x) =0( xt)as x —>00,and ¢$"(x) = 0(x3")
as x — 0o, then ¢! (x)=0(xe!) for j=0, 1,..n.

See (1), page 309 and (7), Lemma 1(c).
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Lemma 3 Let a(x,¢t)eL(1l,x) for | <¢=x, a{x,1)=0 for t> x, and
v (x) = J-ja(x, t)s(t)dr. Thena nasc that ve BV (I, o) whenever s ¢ BV
(1,00) is that there exists A independent of t such that

o0 ~X
f | di A(x,t)| = H forall t = I, where A{x,t)=| a(x, u)du
it o F

This result follows from (4) Theorem 3 after an integration by parts. Cf. Also
(3)— VII. Note that A(f,t)=A(t+,1) =0 in this case.

Lemma 4 let a(x,¢), A(x,2), v(x) be as in Lemma 3. Let neZ* and s
be the class of all real functions on [I, o) such that s” (1) is absolutely continuous,

s
locally and seBV(1,00). Then, if V(f)= J ld,A(x, ) |e L (1, T) for
t

every T' > 1, a necessary and sufficient condition that v ¢« BV ( 1, 20) whenever s e §®
is that there exists H independent of ¢, and a constant 7 such that
V(t) = H for almost all + = T"

This result follows from the theorem proved in (9) after an integration by parts.
Cf. also (8), Theorem 4.

Lemma 5 Ifp 4k >-1, k' >k and if g(x) ~I» | C, k), then
glx)~ Ix» | C k.

* ~ [x»* may be replaced by ‘ = ‘0’ (x? )" or * = 0 (xP ) here. Cf. (2), Lemma 3.

Lemma 6 If p+k>-1, p4g>-1 and g(x)~ Ixp | C k!, then
xig{x)~ Ixrta | C k |.

‘~ IxP’may bereplaced by * = o (x? ) or * = 0 (x?) here. Cf, (2), Lemma 4.
4. Proofs of the Thecrems

Theorem 1(a) is well known and its proof is omitted. We notc at the outset that
conditions (i}y, (i) and (iii) are necessarily satisfied, since we may take [ (x) = Ixp,
I'# 0, in particular. Hence we assume that x P9 [ xPo(x)e BV ({1, o) in
what follows. 8y

Case T Letr > k.

By repeated partial integration we have, when & = |,

" 1a)r—l

3 x(x N i K
Lfx)g(x) = .[—(;_1)!“f(f)g(f)df=(-“-1) fl () DY G (x,t)dt (2)
[l
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18 C. Yogachandran
& o
where Dy = 5 ad Gox ) =——— gt}
48 1

This formula holds for &k = 9 too.
Defines (1) = t»*f (¢),a(x, 1) = (- 1)* gp+* x-p-6-1 D& G_(x, 1) and
i
Alxt)= f alx,u)du.
t

X
Then, x7-aLf(x)g(x)=v(x) =f1“fx,r)s(z)dr, @)

and we want n.a.s.c. in order that v e BV (1, oo) whenever s e BV (1, o0) when
k=0, and whenever seS1 when k = 1.

~X t
Now, A (x,1) = { x"P-0T otk pk G (x, u) du ~f xP-a Tt yptk Pk G (x, u) du

41 1
: _ Tl t
={-1)xetp+ 1) (24 k) Lrg(x)-xv0F B ¢, xr_m'_lf otk
m=>0 1
DEumg (u)du 4
I 1 m - '
where ¢, = ‘%—*—Il)—' (r ml) , by partial integration and the binomial theorem.

By (1) and (4) it follows that ¥/ (¢} is bounded and hence Lebesgue integrable
locally.

Thus, applying Lemma 3 when k£ = 0 and Lemma 4 when k = 1, we get the n.a.s.c.

(v 8]
f | d A(x,1)| =0(1), which, by (I) and (4) reduces to
f

o -
[l rma [ w056, uydo) | 0@ ®
t 1
When k& =0, r = 1, it immediately follows that (i), implies (5), and hence (i), is
both necessary and sufficient.

When k =0, » > 1 repeated partial integration gives

t =] —1 !: - f)-m ‘
fl(—%;-ﬁ—?-)l?- ullg(u)du=m2;1 L?(:r—m))f I,ttg(?) 6)
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QC
Since (1) holds,f lde(x P e Lepg(t))| = |Ltrg(t)]| a7 =0(l), and
t

hence, by (6), condition (5) reduces to

-1 e T—m
f°°|dx (x"D"G_'rE e Imtpg(t))]=0(1) 7
I

m—1 (r-m)!
If (i)e holds, then by Lemmas 4 and 35, we get
tg(ty=0(rr)(C.om) for m=0, 1,..r—1.

o 00
Hence f | de (P (x— Ly (1) | = | L8O | | ] oG
t t

(x— )™ | = 0 (sptatm), 4, rp=a-m = (1} for every m, showing that (7) holds.

Thus (i) and (ii), are sufficient in this case, and conly the necessity of (i), need be
established.

By Lemma 5, since f(x)g(x)~1"xt*a| C,r+ 1| fori=0,1,..,(7) holds
with r replaced by r - i.

o r—1 F’—l—f——l (x_t)r_H__l ]
s [*1a e (54 [ ] -0

t je=1 j=p /LFIi-j}! )
which reduces to

@ Fe=l (g
p=—g—T— T AT D s 8
[ 1a(rme 3 E2T5 re) 100, ®

W

(o %]
since f | dy (x7P=9=t=1 (x— ¢y M-I L g (1)) | = 0 (soat). A, 1-p—a-)
¢
=0 lyder =%, .. r+i-1.
o0
(8) gives f | dy i (%, 1) ] =0 (D), ©)
t

=1 (x—g)ti-g
PeaEeme 11 UL e

where xPtat g, (x, ) =

Solving this system of linear equations for [ tP g (1), we get

r—1
Lirg(t)=D1 E Dyxrtartig (x,t) for j=1,..r-1, where by
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20 C. Yogachandran

Lemma 1, D=K(x-t)yt1 K0, Dy=K,;(x—¢t)t-DrH-1
K;; being independent of x and 1.

r—1
Hence ItPg(t) = K1 (x—¢t)*C1D Z Dy xrrett g (x, 1) giving

T

K(x—ty"-Dpneg(¢ e - Te1) i
xr3~«1‘+l+p+q g( ) e ; i ‘K‘;l gsi(x! r)[(ix_t_)]( ¢ (10)
= AR P
Now (9) implies that f | dx[ i i {x,1) } | = 0() for any s € .
s

Putting s — (r—1)2-i, we get [:O] dx{ [(x;’)]“'”z'i@(x, :)} | =0,

and thus (10) gives jool dx[ g_x_—r_)i'"i) Itrg(t) } | =0).
t

FI2—rH14ptg

re. [ItP g (1) |. A4, 1~P~a~! = 0 (1), which gives (i), by Lemma 6, and thus Theorem 1
is complete.

Proof of Theorem 2  Sufficiency. We see that (i) and (i) imply
gl(t)y=0(r1).j=0,1, . .k—1, by Lemma 2. (11)

Now, (5) may be written
oo t r—1 k ;

f | dy [x‘i’—q"f wikdy | X g x~"m-1 £ b, uo" g“"‘(u)] } f=0(1) (12)
7 1 m=0 n=0

where a, = (-1)= (r;‘ll) and b, = (ﬁ) m(m-1)..(m—n+1).

0 i
Now f | dx { x—P—q-m—1 f yPHk gmn gk_.n (v) du } |
t i

0
=J. | d x—p—am-1]| 0 (uptatm) | = 0(1)form=0,1..andn=1...k by (11) and
t
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o0 i

:fj e st ([urttim gt )] - ;(p e ) WP gt () di) }
=0() for m=0 1... by (@i).

Thus (12) holds proving the sufficiency of (i) (ii) and (iii).

Necessity We show that (5) implies (i) and (ii).

The proof is by induction. Assume that (5); k, implies (i) and (i) — £

Suppose k =k, - 1. Then by lemma 5 (iii) and (5); _— k, -+ 1 are necessary,
and by the inductive assumption (i) and (ii) k = k, are necessary.

f 5 > t gtk 2
Also, J W D1 G (x, u) du 4 f —— DX Gy (x, u) du
i u T e 1 P ‘f—k;i _1_ 1 u r )
oyt r-1
. _P“____H.‘ e D1 G (x,t)+ X a,x ™, wherea_ is constant, and hence,
A M = 0

since (i) — f, and (i) k, + 1 bold, it is necessary that

A00
[ 1t s G0y
!

:] J‘(:o|dx{x—l’—ﬂ—‘ mar 3 5 (—1)1( )((’ﬁ‘;)r])_:gl1(:)}s=0<1) 13)

Now foo| d, { x P et (g i1 ghiml (1) ] |
t

= e 0 (1ahR). 4, p=-i-1= 0 (1) forj = 1,2,...k, by (D and (i),  (19)

(13) and (14) give f oo| d{ x~P=a=T et (x Yt gk () } | = 0 (1) and hence
t

gk (¢) = 0 (rv™1), which is (i) z— k, + 1, and by induction, we get the necessity.
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22 C. Yogachandran

Case II r=4Fk. Since (i) and (ii) are independent of r and are necessary when
r > k, by Lemma 5. (i) and (ii) are a fortiori also necessary when r = k. We thus
have to consider only the sufficiency. In this case we have

X
sk L f(x)g(x)= La(x Ds@di+ (-1 Fxts(x) g ) (15)

X
and f xp=ak o4k DK, G, (x 1) du = (= DEx2=0% (p + 1) .. (p + K) I, 0 g (%)

1
-x 1 g(x) (16}

by partial integration, instead of (3) and (4) respectively.
Nowdefine B(x, t)=A(x, t) 4 (~1¥xag(x)
Then, for fixed x, — B(x, ) is still an indefinite integral of a(x, ¢), and since

A(x, x)=0, we have B(x, x)=(-1)xg(x).
x
Hence partial integration of (15 gives x P 0% [ f(x)g(x)= J- B(x, t)ds(1),
1
and from this point onwards the proof of the sufficiency is exactly as in case L.
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Abstract : The set of numbers { 1355 Iﬂ} has the property that, the product of
any two decreased by 1, is a square. [t is shown that there exists no positive integer ¢ .
such that the set Jbl, 5, 10, c} possesses the same property.

1. [Introduction

The set of numbers [ 1, 3, 8, 120 | has the property that, the product of any two
mcreased by I. is a square. Baker and Davenport! have proved that the property
does not hold, if 120 is replaced by any other positive integer. The proof is based
on Baker’s Theorem in Diophantine Approximation. Kanagasabapathy and
Ponnudurai? have described another method using nothing deeper than quadratic
reciprocity, by which the result may be obtained. In this paper, we deal with the
numbers 1, 5 and 10 which have the property that the product of any two decreased
by 1, is a square. We prove the following theorem concerning these numbers :

2. Statement of the Theorem

Theorem : There exists no positive integer ¢ such that the product of every pair of
numbers of the set [ 1, 5, 10, ¢ ] decreased by one, is a perfect square.

Proof :

To establish our result, it is sufficient to show that the equations

e -1 = x2
and 5(:--]:.y2
10c — 1 = 22

cannot hold simultaneously for any positive integral values of x, y, z and c.

These equations lead to

and PoSt =4 - )

- =1 @)
516489


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

24 Harimaladevi Balasunderam

All the non-negative integral solutions of the Pell Equation (2) are obtained from
the following formula ;

Za + A2 = (1 + 42)7 )
where n is a positive integer or zero.
Using (3) we obtain easily the following relations :

Zwin = ZmZn + mla

Ymen = PuZn + Yolm

Zn :‘.3‘-’m Yoo = —Vu

Z =gl 2t =2l - =1+

Y = 2ufn.
" The following .congruence holds :

Yatr = —Yn (mod z;) 4
We need the following results which can be easily established by induction :
(i) =z, is odd.

(i) If k=2, where ¢ is an integer, then

Zyu = 1 (mod 8), fort 2 0 (5)
Zy = 2 (mod 5), for t > 0 ' (©6)
2y =~ 1 (mod 17), for £ = 0O (7)
Zg = 1 (mod 17), for ¢t > 1 ®)

We require the following table of values :

TaBLE 1
n yl'l zl‘.l Ty,
0 0 1
1 2 3
2 12 17
3 70 99

From (1) we ob;ain
{ixg) = Ap —d ¥ = (&)
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The proof is now accomplished in three stages :

(@) (%) is impossible if n = 0 (mod 4),
For, using (4) we obtain
Yo = 0 (mod 17)

Thus, we find that
{5x, ) = — 20 (mod 17)
and since (-20|17) =-1, (9) is impossible.

(b) (9) is impossible if # = 2 (mod 4).
For, using (4) we obtain_

Yo = + 12 (mod 17)
Thus; we find that
(5x, ) = 20 (mod 17)
and since (20 | 17) = — 1, (9) is impossible.

(¢) (9)isimpossibleifn= + 1(mod4),n=~ + 1,thatisn= + 1 + 4k + 8rk,
where r is an integer and k = 2' with ¢ an integer > 0.

For, using (4) we obtain

Yn = F Vg (mod z,)
e WO = o, = +3py (mod zy)
Which implies
2yet = Hzpt-1)
' = -9 (mod z, )
Thus we find that
( 10x, )? 10( 2p,2-8)

10(-17) (mod z, )
- 2.5.17 (mod z, )

Grale) G
)

i

_— = 1’
and so (9) is impossible.

I

and since

|
N[
Folw
I
-3
g
I

L

(_ﬂ—lﬁl) using the congruences (5) to (8)
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Hence there exist no integral values x, y; z which satisfy equations (1) and (2) simul-
taneously. The theorem now follows.
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Abstract : Corrosicn behaviour of copper and eleven of its alloys has been studied
i 207 calcium hypochlorite liquor containing 609, available chlorine at 35°C.
Potential tinie curves, galvanostatic anodic and cathodic polarization behaviour and
conventional weight loss data were utilised in the study. All the alloys studied were
found to be self passivating under the experimental conditions used. The time taken
for the formation of the protective film was less than an hour. The corrosion
potentials of the alloys were in the range 0.650 to 0.680 ¥ (vs SCE). Anodic
polarization revealed that passivity broke down, leading to pitting in some alloys and
general corrosion in certain other alloys. The latter behavicur was due to the forma-
tion of a soluble product. The Tafel slopes ranged from 0.i20 to 0.254 mV in the
transpassive region. Cathodic pelarization curves exhibite¢ two Tafel regions. Weight
loss data under total immersion conditions indicate that nickel tin bronze (high
nickel) i3 the most resistant. The corrosion rate of this alloy was three times
higher under intermittent immersion conditions and eleven times higher under partial
immersion conditions. 2

1. Introduction

Studies on the corrosion of copper and its alloys have been reviewed by Leidheiser.”
Only a few workers have studied the corrosion of copper in bleaching liquor.
Fitzerald Lee has reported the corrosion rates of six copper alloys in saturated
Ca(OCl), solution at 16°C.* Other workers have reported the corrosion of brass
in NaOCl solution containing 99, available chlorine.’? All these studies were based
on weight loss data. No fundamental electrochemical studies of copper corrosion
in hypochlorite has been reported.

This paper describes the study of the corrosion behaviour of copper and a number
of its alloys in calcium hypochlorite liquor containing about 60 % available chlorine
(High Test Hypochlorite). Hypochlorite solutions are used for bleaching in the
textile industries of Sri Lanka. Electrochemical and gravimetric methods were utilised
in this study. The experimental work involved determination of the variation of open
circuit electrode potential with time and the measurement of anodic and cathodic
galvanostatic polarization data. In addition, weight loss data were also obtained.

6—16489
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2. Experimental

Ouly a brief outline of the experimental procedure is given below as full details
have been given elsewhere.’

2.1 Materials and specimen preparation

The alloys were cast and analysed quantitatively by standard methods. The
percentage composition of the alloys are reported in column 1 of Table 1. The
surface was prepared by hand abrading with emery paper of successively finer grades
from 120 to 500, then washing thoroughly with distilled water and finally by degrea-
sing with acetone.

A concentrated solution (20%) of High Test Hypochlorite (DCM Chemicals
New Delhi) in distilled water was used in all studies. This solution had a pH of
11.5 and an available chlorine content of 60.3%. All experiments were conducted
at 35 £ 0.2°C.

2.2. Electrochemical studies

The polarization cell had two compartments separated by a sintered disc. The cell
had a capacity of 100 mi. One compartment contained a cylindrical platinum
counter electrode and the other contained the working electrode. The reference
electrode (saturated calomel electrode) was kept in a cell of saturated K.Cl solution
and connected to the working electrode compartment by a Luggin bridge designed
after Greene.*

The working electrodes were cut from 0.86 cm diameter rods to 5 cm length,
The working electrodes were mounted on a Teflon electrode holder so that only
the polished surface (of area 0.586 em?) was exposed to the solution. The distance
between the exposed electrode surface and the Luggin capillary tip was about
2 min.

The variation of open circuit electrode potential with time was recorded, for about
an hour after immersion, on a potentiometric recorder. The counter electrode was
disconnected from the circuit during these measurements.

Galvanostatic polarization experiments were started after the electrode potentiai
reached the steady state corrosion potential. Anodic polarization was first per-
formed followed by cathodic polarization. Cusrent densities ranging from 0.0025
to 15.5 mA cm=2 were applied. Potentials were measurcd five minutes after applying
current,
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2.3. Gravimetric Methods

The cells used were cylindrical glass vessels 80 mm high and 40 mm diameter. A
glass hook was fixed to the stopper to support the corrosion coupon, The spherical
coupons had a diameter 12.5 mm and thickness 3 mm. A hole, 3 mm diameter,
was drilled near the edge to support the specimen. The solutions were neither
agitated nor aerated.

The corroded coupons were treated with 109 sulphuric acid to remove the
corrosion products, then washed thoroughly with distilled water and finally rinsed
with acetone. The coupons were then dried and weighed. An uncorreded specimen
lost less than 00001 g during the above treatment,

All the twelve copper alloys studied were subjected to total immersion tests of
24 hour duration. On the basis of their corrosion rates the best alloy was selected
to undergo the planned interval tests recommended by Wachter and Treseder’2
which provides an excellent procedure for evaluating the effect of time on the corrodi-
bility of the metal and the corrosiveness of the environment. The maximum duration
of these tests was 96 hours. The effect of changing the immersion conditions to
partial and total immersion was also studied,

3. Results and Discussion

3.1. Potential-time curves

Typical potential-time curves are given in Figure 1 and the steady state corrosion
potentials are given in column 2 of Table 1. The curves show that the electrode
potentials of copper base alloys rise sharply to a noble steady state value of about
0.650 to 0.680 V (vs SCE). Such behaviour indicates the formation of a protective
film on the metal surface. Consequently, here is a rare instance of copper exhibiting
passivity. This may be due to the high oxidising power of the corrosive. The
corrosion potentials recorded for copper in the present work are considerably higher
than those reported in literature. The highest corrosion potential of copper, 0.45 V
(vs SCE), was obtained in 0.05M chromic acid solution.?

The nature of the protective film formed is not certain. The colour of the film,
which was brownish black, indicated that it is probably CuO. Potential-pH dia-
grams'o and the recent work by Faita ef al. who worked with aerated 0.5M Na(Cl
solutions? indicate that the protective film is CuO. On the other hand, Hoar et al.
haye indicated that the black film covering brass in chloride solutions is Cu,0.°
North and Pryor support this view.” In the present work, polarization behaviour
(see below) indicates the possibility that the film consists mainly of Cu,O.
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The time taken for the formation of the protective film varies with the alloy studied.
Formation of the protective film was very rapid in the case of unalloyed copper,
90 : 10 brass, aluminium brass and the three nickel alloys. This behaviour is exempli-
fied by the potential-time curve of nickel tin bronze-high tin (Curve 1). Film formation
was slower with the addition of silicon (Curve 2, high silicon bronze) to copper and
with all the three alloys containing lead. It seems that the additicn of silicon and
lead delays film formation while zine, nickel, aluminium and iron have no effect on
the rate of film formation. The longest time of one hour was observed with tin
bronze (Curve 3).

3.2. Anodic polarization
Since copper appears to be self passivating in hypochlorite liquor, the anodic polariza-
tion curve is in the transpassive region. Typical anodic polarization curves are
shown in Figures 2 and 3. The curves are seen to obey the Tafel equation
2308 R, " 2303 BT '
ST e i Sa L M

at overvoltages greater than about 0.050V. In this equation v is the overvoltage,
i the current density, i, the exchange current density, R the universal gas constant,
T the absolute temperature, « the transfer coefficient, n the number of electrons
involved in the process and F the Faraday constant. The Tafel slopes for the
transpassive region obtained in the present work range from 0.120 to 0.254 V for
the different alloys and are reported in column 3 of Table 1. Figure 2 shows the
anodic behaviour of brass and nickel tin bronze (high Ni). The other alloys exhibit
an intermediate behaviour with respect to their Tafel slopes.

The anodic curve was extrapolated to the corrosion potential to calculate the
_cotrosion current density. Corrosion current density (ic.,) values so calculated
are given in column 4 of Table 1. Figure 3 shows two extremie behaviour with
respect to ig,.. The anodic curve of copper (ipy = 0.055 mA cm—?) and that
of Cu.Ni.Fe alloy (ic,, = 0.380 mA cm~2) ate shown in the figure. The other
alloys exhibit an intermediate behaviour.

A few alloys (Ieaded naval brass, high leaded tin bronze, tin bronze, low silicon
bronze and unalloyed copper) exhibit a second Tafel region at higher current densities
with slopes ranging from 0.058 to.0.118V (Figure 3). As the valucs of the Tafel
slopes in this case is approximately half as that in the early transpassive region, it is
probable that the second anodic reaction involves double the number of electrons as
that in the first reaction (see Equation 1). Hence it is reasonable to assume that the
first reaction involves an one electron transfer and the second reaction, a two electron

transfer.  Consequently, it follows that the simplest anodic reactions are the forma-
tion of cuprous and cupric ions,

Ol el Cit g et | @
Cu — 5 Cu2* 4 2 ¢ 3)
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The Tafel slope values can be used to calculate the transfer coefficient for the two
reactions (Equation 1). The transfer coefficient of the first reaction rnages from
0.24 to 0.51 and for the second reaction from 0.26 to 0.53. Myer?? has indicated
that low values for o experimentally obtained (as in the present work) indicate
that the reaction proocess involves charge transfer through the film in addition to
the usual charge transfer process at the interface.

The anoedic polarization curve of gunmetal and brass exhibited a region of constant
potential at high current densities (Figure 2). - This can be interpreted as due to
pitting. The breakdown potentials. Ey, for gunmetal and brass were 0.960 and
1.000 V respectively (vs SCE).

As for the nature of the corrosion product formed, reference has to be made to
previous work. Many workers have indicated that the corrosion produzt covering
copper in aerated, acid and alkaline solutions, is Cu,0.%5%? Hence, it is probable
that the electrochemical reaction involving one-electron transfer leads to the formation
of Cu,0. Assuming that this reaction serves to plug any defects in the protective
film, it can be said that the protective layer is likely to be made up of Cu,Q. The
black colour of the protective layer observed also indigates this possibility as Hoar
et al. have observed that the black layer covering brass in chloride solutions is Cu,0.5

As for the two-electron reaction, the first impulse is to say thai cupric oxide it
formed. This is in agreement with the work of Faita er 4l who have shown that,
at high potentials, the corrosion product covering copper in alkaline solutions is
CuQ. But in the present work a green product was observed in the vicinity of the
electrodes. This leads to the assumption that CuQ and CuCl, are formed initially
and then the green complex CuQ. CuCl,, which is insoluble in water, is formed.

3.3 Cathodic polarization

Cathodic polarization behaviour of two alloys are shown in Figure 4. From the
curves it can be noted that each alloy exhibits four regions. The first region is a
slight curve where the overvoltage is not sufficient encugh to produce polatization.
The second region shows a sharp fall in potential indicating that the cathodic reaction
is diffusion controlled. The third region is a Tafel slope showing that a second
reduction reaction occurs in this region. The fourth region is again a steep fall in
potential even beyond the range of the potentiometer ( — {.8 V vs SCE).

The first cathodic reaction is under diffusion control and cb_eys the equation

2303 RT fo ]
T e 4 SER TR 4
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where iy, is the limiting diffusion current density. When the applied current density
approaches the limiting diffusion current density (i - ir) the overvoltage tends
to infinity. That is, the potential falls sharply. In the present case, the limiting
diffusion current density ranges from (.34 to 3.4 mA c¢cm~2. Figure 4 shows the two
extreme cases and ‘the other alloys exhibit intermediate behaviour.

As for the nature of this reaction, it cannot be hydrogen evolution as the corrosion
potential is very positive (around + 0.9V vs SHE) and hydrogen evolution occurs
at negative potentials. Besides, gas evolution was not observed. This reaction
cannot be the reduction of hypochlorite ion as the concentration of this ion in the
solution is too high for diffusion control. Assuming the diffusion layer of thickness, g,
in an unstirred solution to be 0.05 cm and the diffusion coefficient, D, to be 8 x 10~
cm? sec ! the limiting diffusion current density has been calculated to be 62.5 mA
con 2 by using the equation '

; Dn F a :

e - ®)
where a, the activity of the hypochlorite ion is 2.23 gm ions per litre and n the
number of electrons involved in the reaction

CIO~ + 2 H,0 + 2 - Cl- + 2 OH~ ©)

g 2. This value of 62.5 mA e¢m~—2 is much higher than the experimentally obtained
value of 0.34 to 3.4 mA cm—2. Hence the first cathodic reaction is not the reduction
of hypochlorite.

The only possibility, then, is that the first reaction is the oxygen reduction reaction,
more so, as the solution was not deacrated.

0, + 2ZH,0 + 4e -» 40H- (7)
The nature of the second cathodic reaction is not known.

3.4. Weight loss methods

The corrosion rate (in mm per year) for a duration of 24 hoursis given in column 5
of Table 1, Of all the alloys tested, nickel tin bronze (high nickel) alloy is the most
resistant. Pitting was not observed in any alloy. This may be because the test
duration was very short.

The nickel-tin-bronze alloy {the most resistant alloy) was subjected to special tests.
The planned interval tests showed that while the corrosiveness of the solution remained
constant with time, the corrodibility of the alloy decreased with time. This can be
explained as due to the formation of the protective film. Corrosion rate under
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intermittent immersion conditions was about thrice as fast compared with that under
total immersion conditions for the same duration (0.102 vs 0.036 mm per year).
The most severe corrosion was observed in partial immersion tests, where the corrosion
loss was 4.42 mm per year compared to 0.30 mm per year in total immersion,  This
severity is probably due to the availability of atmospheric oxygen at the water line
which acts as an efficient depolariser of the cathodic oxygen reduction reaction.

4. Conclusions

Copper and its alloys were found to be self passivating in strong calcium hypochlorite
solution. The passivity broke down in some alloys leading to pitting. In certain
other alloys there was a region of active dissolution after transpassivity. Of the
remaining alloys, from corrosion current and weight loss data, the nickel tin bronze
seem to be the most corrosion resistant. However, this alloy cannot be used under
partial immersion conditions as corrosion is very severe. Corrosion under inter-
mittent immetsion conditions is only slightly more severe than under total immersion
conditions and the nickel tin bronze alloy can be used.
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Abstract : Studies on alkaloids in some plants of Sti Lanka are reviewed with special

rcfcrcnce. to chemical and biosynthetic aspects.

Plant species investigated are

grouped mnto families, a short description of the alkaloid types encountered in a family
is given followed by a brief botanical description of the plant(s) studied. Where uses
of these plants in indigenous and/or western medicine have been noted an attempt is
made to relate these uses to the known pharmaceclogy of their constituent 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 fiowering plant species, 830 are reported to be
endemic to the country!<3411,164 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.

Taeie 1. Distribution ¢f Medicinal andjor Drug-preducing Plants ameng
Pteridophytes, Gymnosperms and Angiosperms in Sri Lanka.

No. of sl;ehies used as madici_ﬁ.a_i-l.'cirugs

Total Indigenous Introduced  Endemic

Pteridophytes 5 5 0 0
Gymnosperims 1 1 0 0
; Monocots 125 100 22 3
Anglosperms :
Dicots 619 564 44 i1

ToraL : 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 is discovered at the rate of about one per day. Since thoy
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 in combination as pait of a cyclic system”.

Alkaloids are widely distributed in the plant kingdom. Hegnauer’s estimate of
15 to 207 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-yiclding plant species. s Alkaloids
occur mostly in higher plants belonging to angiosperm families and 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.
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In addition, Table 2 gives the number of these species endemic to the country and the
number employed in indigenous medicine.® Distribution of the endemic plant
species in various districts of Sri Lanka has been listed by Sultanbawa and
Weerasekara. 1%

TasLe 2. Tmportant alkaloid bearing and medicinaily useful plant families of

Sri Lanka.
5 No. reported from Sri Lanka Ne. of species used in medicine
Family e
Genera Species Endemic Non-endemic Endemic
Amaryvllidaceae*,t 4 10 — 5 . =
Annonaceaet 17 45 18 2 —
Apocynaceaet 23 31 8 i3 2
Compositae 60 115 20 21 i
Convolvulaceae 16 57 3 17 1
Cucurbitaceae 18 33 2 22 —
Euphorhiaceae 46 149 47 39 —
Flacouitiaceae 10 16 10 1 3
Graminae* 122 295 21 35 —
Lauraceaet 10 33 23 6 —
Leguminosae 85 283 12 88 —
Liliaceac* 14 i8 2 5 -
Loganiaceaef 5 18 10 3 |
Malvaceae 13 44 2 21 —
Menispermaceaet 11 13 — 12 =
Moraceae 11 34 5 20 =
Rubiaceae? 50 158 74 23 - 1
Rutaceaet 18 40 4 14 —
Solanaceaet 9 29 — 11 —_
Verberaceae 16 36 3 14 —
Zingiberaceae* 12 38 17 13 —

*Monocotyledons TMajor alkaloid bearing families

iAccording to Attygalles? one endemic species, viz, Litsea longifolia (Nees)
Alston is used in native medicine.
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Research work carried cut 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 andjor
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. Introduction

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 i‘easonably reliable
methods.’®

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

2.2. A Survey of the Endemic Annonaceae for Alkaloids

In 1973, Sultanbawa, Wannigama and their co-workers reported a general survey
of the endemic Annonaceae for alkaloids.®® Tn this study, crude basic fractions from
leaves and twigs were subjected to Mayer’s test!’® and TZC examination. The
endemic species investigated included Aiphonsea coriacea (Thwaites) Finet and
Gagnep, Desmos elegans (Thwaites) Safford, Enicosanthun 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 Heok. f, and Thoms. All these
9 species had shown the presence of alkaloids and authers 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.’®”.15% In this study, 464 plant species including 170 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 TLC 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 screening of 464 Sri Lanka plant species
for alkaloids.

Boranicar COLLECTIONS TesT RESULTS
Total 96 ; No. tested 464
No. of families . Meyer's test 1
Tropical 49 No. positive Uil
; No. tested 417
No. of geneia 314 Dragendorff

(TLC method) e
No. positive* 137

Total 464 No. tested 214
No. of species Iedoplatinate
Endemics 170 (TLC method)  No. positive® 89
Total 201
No. positivet Endemics 59
New spp.- 128

*Excludes doubtfully positive specics
1By either Meyer’s, Dragendorff or Iodoplatinate tests.

3. Alkaloids of Ancistrocladaceae
3.1. Introduction

The genus Ancistrocladus of the family Ancistrocladaceae has been recently investigated
for alkaloids, and some unigue isoquinoline alkaloids have been reported.52.53,64,65,66
Almost all the alkaloids isolated contained a 1,2,3,4-tetrahydroisoquinoline moiety
coupled to an oxygenated maphthalene at varying positions of the aromatic ring
of the former. Unlike other isoquinoline alkaloids, Ancistrocladus alkaloids have a
polyketide biogenesis.5?

In Sri Lanka, the family Ancistrocladaceae is represented by a single genus
containing only one 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-wal.l?

Appropn-s!
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3.2. Alkaloids of Ancistrocladus hamatus

Govindachari’s group in the course of their studies on isoquinoline alkaloids in
plants belonging to the genus Ancistrocladus,5%5%54%,% 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 (IT) by the same process.
This finding coupled with the NMR and CPD (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 (II) ; R=H
(I) ; R=CH, {Iay) ; R-=CH;

Although the 2 alkaloids from 4. Aamatus 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 5#g/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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{1 }-and (111) A

Scheme 1. Biosynthetic origin of Hamatine and Ancistrocladine.

4. Alkaloids of Apocynacese
4.1. Introduction

Botanically, the Apocynaceag 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 isoprencid 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 alkaloids are of the types aminosteroids
and aminoglycosteroids. However, the genus Holarrfiena in the sub-family Plumeri-
oideae is an exception as the plants of this genus bear only stercidal alkaloids and
as they do not contain indole alkaloids of this sub-family.!s?

The family Apocynaceae is well known for skynanthine-type monoterpene alkaloids,
preginane-type steroidal alkaloids and complex indole alkaloids. A number of these
alkaloids bear pharmacological activity and have become indispensable drugs in
western medicine ; e.z. complex indole alkaloids of Rauwelfia have anti-hypertensive
action'® and the dis-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 ; Tam.—Vellupalai) which
is endemic to this country.'s!* 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%:27:8%:101,102 Alkaloids 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. mitis 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 steroidal
alkaloids in the bark extracts of this plant. The seeds of H. mitis have been shown
to be devoid of mitiphylline (XV). Isolation of triacanthine (XIV) from 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.

Tasre 4. Alkaloids of H. mitis.

Plant part Alkaloid(s) isolated Yield (%)  Ref.

Bark conessine (V) — i9

Bark conessine (V) 0.098 27
isp-conessimine (V1) 0.098 27
holadienminel(_l)() 4.013 27
conkurchine (XIIH 0020 27
holarrhenine (VII) 0.026 27
holafebrine (X) 0.098 27
holarrhimine (XI) I 0.098 27
N-3-methyl-holarrhimine (XII) - 0.098

Leaves mitiphylline {XV) [4tK65]* 89, 102
N-desmethylmitiphylline (XVI) [9(101*f 89, 102
triacanthine (XIV) | [45201*+ 89, 102

Seeds triacanthine (XIV) 0.080 101
conamine (VIII) 0.360 101
conessine (V) 0.160 101
iso-ccnessimine (VI) 0.016 101

Fruits (pericarp) triacanthine (XIV) 0.400 101

*Ref, 89, o

tRepresented as percentage of the total bases.
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TaBLe 5. Some pregnane type stercidal alkaloids of H. mitis.

C

)
R N
1
RN
2/
R
) RS M SR Rl R2 R?
Congssine (V) CH; CH, H
Iso-conessimine Ny CH, H H
Holarrhenine (VID) CH; CHj OH
Conamine (VIID) H H H
N
HZ
NH-CI
]
HO ™ N- chlorasuccinimide
£X) NaQEt l
Q0
=
\r/, NH

HO

(—'+—— N
H/ H.O
Z
(XVII)

Scheme 2. Chemical transformation of Holafebrine to Pregnenolone.

s ;
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Much attention has been focussed on the steroidal alkaloids of Holarrhena spp.
with the intention of economic exploitation of these in 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 trans-
formations is depicted in Scheme 2,

(X1II) Conkurchine (X1V) Triacanthine
0

| 0

= 0
RNH%O ; ort

2 H
OCH H
3
Mitiphylline (XV) R=CH;
N-Demathylmitiphylline (XVI) R=H

N-Demethyl-N-acetylmitiphylline (XVII) R = COCH;

4.3. Catharanthus Alkaloids

The genus Catharanthus is known to produce some 72 alkaloids,!®? most of which
are of complex indole type. A few of these are pharmacologically active and have
medicinal applications. Of the pharmaceutically important alkaloids, vincaleuko-
blastine (VLB) also called vinblastine (XIX) and leurocristine (LCR) also known as
vincristine (XX) have been employed in the treatment of leukaemia in children.!6!
Ajmalicine (AJM) (XXI) and vincamine (VIC) (XXII) are two other useful alkaloids
reported frem Catharanthus 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 Periwinkle) incorrectly called Vinea rosea or Lochnera rosea is a perennial
herb or subshrub and is found commonly as a weed in the dry and in the wet zones
at low elevations, especially on sandy soil and in the coastal habitats, Three
different forms of C. roseus have been reported.® C. pusilfus is an annual herb
indigenous to Sri Lanka and India. In Sri Lanka, it is a rather rare weed on culti-
vated land and has been recorded exclusively from Ratticaloa and Jaffna districts. 107
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€. 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 Vinculin is sold in the U.K. as a cure
for the same ailment.?® However, pharmaceclogical studies have not confirmed
this alleged hypoglycaemic activity.*’»!%2 The leaf-juice is also reported to be used
as an application for wasp stings.®

The two pharmaceutically important slkaloids VLB and VCR have been obtained
from C. rosews. Although the synthesis of both these alkaloids®®® and the chemical
transformation of the more abundant VLB to more potent antileukaemic alkaloid
VCR is known, C. roseus still remains to be the main source of this vainable alkaloid
Therefore, this plant is at present uprooted and experted by local agents to drug
menufacturers in Europe for the extraction of these alkaloids.® Realisation of the
disadvantages of this practice had prompted investigation into the feasibility of
extracting these alkaloids from C. roseus (and C. pusillus)with locally available solvents
and facilities with the hope of obtaining better returns to the country from this
non-traditienal export.”»32  This work has led to 2 impertant 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. pusillus for VLB and VCR would prove to be less diflicult than that from
C. roseus.

(XIX) Vincaleukoblastine (VLB) R = CH;
(XX) Leurocrisiine {LCR) R = CHO
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(XXT) Ajmalicine (AJM) (XXII} Vincamine (VIC)

4.4. Pharmacology of C. rosens Alkaloids

Two important drugs, Oncovin and Velban, produced by Eli-Lilly Co. in the U.S,
contain the sulphates of VCR and VLB respectively.'™* 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 choriccarcinomas.

4.5, Screening for Pipsynthetic Intermediates

The first step in the biosynthesis of terpencid indole alkaloids, the major group of
alkaloids in Apocynaccae (and Rubiaceae) involves condensation of tryptophan
(XXIV) or its decarboxylation product, tryptamine (XXIII) with secologanin 0:9.4%
having monoterpene origin (Scheme 3). Although a satisfactory biogenetic theory
for terpenocid 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 (@) decide on chemicsl, structural and biosynthetic grounds,
the compounds that can be prebable intermadiates, synthesise them and test them as
precursors of the alkaloids, and () isolaie the probable 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.¢
In this survey, Rauwolfia serpenting (Sinf.— Ekaweriya, Tam.— Sorannamilbori),
Strychnos nux-vomica (Sinh.—XKaduru ;  Tam.—Yetti, Yettie-kottal) and a number
of Mitragyna and Vinea specics all of Apocynaceae and Cinchona ledzeriana of
Rubiaceae have been tested for the presence of vincoside (XXIV) and 5a-carboxy-
vincoside (XXVI). Although these two bio-intermediates have not been detected,
macro-isolation techniques had revealed the presence of Sa-carboxystrictosidine
(XXIX), an isomer of (XXVII), in all the plants tested and strictosidine (XX VI,
an isomer of (XXVI), only in Rauwolfia, Vinca and Stryehnos species.  Strictosidine
(XXVIII) and its 5o- carboxy derivative (XXIX) have been isolated from R. serpen-
tina and S. nux-vomica and were characterised as the pentaaceiate (XXX) and the
methoxyearbonyl pentaacetate (XXX1) respectively,
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{XXUD R=H
(XX1V) R= COZH

(XXVI) R=H XXV

XXV Ra=H
{AXVIIR=C OZH OXIX) R=COH
E
I
¢

Terpencid [ndole
Alkalcids
Scheme 3. Early stages in the Biosynthesis of Terpenoid Indole Alkaloids.
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(XXX) R=H
(XXXI) R = CO,CHj
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4.6. Screening for Ajmalicine

Ajmalicine (AJM, raubasine, &-yohimbine) (XXI) is a medicinally important aikaloid
occurring chiefly in Reuwolfiu and Catharanthus species of plants. It has vasodilator,
hypotensive and tranguillising properties.?»* The sconomic 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.2! Although
AJM is obtaired in practice by chemical or catalytic reduction of serpentine (XXX1I)
which is the principal alkaloid in the above species, locking for naiural scurces for
its extraction appesred attractive. Thus, & TLC survey of some local plants of
Apocynaceae for AJM has been carried out.” The results had indicated absence
of this alkaloid in Alstonia macrophylla (leaves), Bassia acuminata (leaves), Cerbera
manghas (fruits), Ochrosia boborrica (twigs and fruits) and Pajientha dichotoma
(leaves). and occurrence of trace quantities of it in Kopsia fruiticosa (leaves), O.
bobornica (leavesy and P. dichstoma {twigs).

i X
x ' .-'N"'
= H
H. “'CH‘S
CH,0,c -0
(XXX

4.7. DMiscellancous Studies

Wannigama and his co-workers in their studies on the plants of Apocynaceae have
investigated fruits, leaves and twigs of the endemic species Petchia ceylanica (Wight)
Livera of the sub-family Plumerioideae and found to contain indole alkaloids which
were sensitive towards both light and air.”®

5. Alkaloids of Asclepiadaceaze
5.1. Introduction

In 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 to
the country.’! The genera Ceropegia, Gymnema and Tylophora each contains two
endemic species.* Several species of the genus Tylophora have folk-medicinal
reputation. T. asthmatica Wight et. Am. (Syn. T. indica (Burm.) Merr.), known as
Indian Ipecacuanha is used in indigenous medicine as an emetic, expectorant and
anti-dysenteric.112,133

*However, according to a recent revision86, Sri Lanka has 37 species in 21 genera of which 3
species are endemic.
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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 Leukaemaia, *,541%2 the position of the methoxy group
been decisive for the anti-tumour potency.'

5.2. Tylophora alkaleids

Alkaloid screening on’ various parts of T. asthmatica, T. cordifolia Thwaites and
T. flava Trim. (endemic species) collected in different localities of Sri Lanka has been
reported by Phillipson ef al In this study, the alkaloid contents were assessed in
terms of percentage total crude alkaloid and by comparison of the colour intensities
produced by Dragendorff reagent with the extracts and with known amounts of
tylophosinine (XXXIV). Their results are summarised in Table 6. T cordifolia
and 7. flava have not been examined previously for alkaloids.

TaBLE 6. Alkaloids of T. cordifolia and T. flava collected at Matara,

sl Plant Alkaloids
pecies et IS — e
p 52 TLC indication
T. cordifolia leaves 0.17  tylophorinine 4 1*
stem 0.10 tylophorinine + 2*
TOOtS 0.16  tylophorinine + 3*
T. flava leaves 0.15 tylophorinine (major) 4
tylophorine
stem 0.12 tylophorinine } 4%
roots 0.15 tylophorinine 4 4%

*Number of unidentified alkalcids.

Eight samples of T. asthmatica collected from different localities were also screened
by the same group of workers for the content of alkaloids.!? TLC has indicated
that in most samples the major alkaloid was tylophorinine (XXXIV) in at least
one part of the plant, although in one leaf and two stem samples tylophorine
(XXXI11l) predominated. Their results contrasted with those previously reported
for Indian plants®’.13 and implied that either there were some variations in alkaloid
content from season to season or that different strains of T. asthmatica existed,
However, these authors have suggested that further investizations would be required
to verify these points. One similarity which did exist between the Indian and St
Lankan materials was the very low yield of the antileukaemic alkaloid tylophorinine
(XXXLV). e
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TasLe 7. Alkaloids of Tvlophora species.

R! R2 R3 R4 Rs Ro RT

H OCH; OCH; H

Tylophorine  (XXXIII) OCH, OCH; H
Tylophorinine (XXXIV) H OCH; H H OCH; OCH,; OH
Tylophorinidine (XXXV) H OCHs H

Tylocrebine (XXXVI) OCH, OCH; H OCH; OCH; H H

H OH OCH,; OH

Isotylocrebine (X¥XVID) H OCH; OCH; H OCH; OCH; H

A detailed isolation work of a large batch of T. asthmatica was also carried out by
Phillipson’s group. Their results are given in Table 8 along with the alkaloids
isolated from the Indian species by previous workers. A detailed analysis of the
NMR spectrum of tylophorinine (XXXIV) has aided in the postulation of the preferred
conformation of this alkaloid as given in (XXXVIII).

TasLe 8. Alkaloids of T. asthmatica from India and Sri Lanka.

Origin Alkaloids isolated Ref.

India tylophorine (XXXIII), tylophorinine (XXXIV),
tylopherinidine (XXXV), isotylocrebine
(XXXVID), septicine (XXXIX), alkaloids A*,
B* and C* 67, 68, 138

Sri Lanka tylophorine (XXXIII), tylophoiinine (XXXIV).
tylophorinidine (XXXV) 126

*Unidentified alkaloids.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Alkaloids of Some Plants of Sri Lanka— Chemistry and Pharmacology 55

(XXXVIID (XXXIX)

5.3. Pharmacology of Tviophora specics

In addition to the above mentioned uses, 7. asthmatica has been employed widely
in 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. Alkaloids of Berberidaceae

6.1. Introduction

The family Berberidaceae has yielded a total of more than 50 alkaloids, many of
which are from the genera Berberis, Leontice and Nandina.'”® These alkaloids are
of the types: aporphine, bisbenzylisoquinoline, oxoaporphine, protoberberinium
and tetrahydroisoquinoline. The pharmacologically important protoberberinium
alkaloid, berberine (XL) and its close relatives palmatine (XLI) and jatrorrhizine
(XLH) are known to occur in Berderis, 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), Rananculaceae (5 genera),
Papaveraceae (8 genera) and Rutaceae (3 genera).®

R1 R2
Berberine (XL) - CH, -
‘ Palmatine {XLI) CH; CHs
Jatrorrhizine {XLID H CH,;

10—16489
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In Sri Lanka, the family Berberidaccae is represented by a single genus Berberis
which has three species,! B. tinctoria Leschen, B. wightiana Schneider and B. ceylanica
Schneider of which none is endemic. Several varieties of Berberis zre known to
vield a drug sold in Sri Lanka by the name of Rasadun (Sanskrir-T3arubaridra). 1
Dried stem of B. aristata and dried rhizome and roots of other Berberis species are
used both in native and modern medicine as febrifuge, carminative, bitter tonic and
externally as dressing for indolent ulcers.’”® Rasadun is also used in indigenous
medicine as a prophylactic for tetanus and is replaced nowadays hy readily available
Coscinium fenestratum (Sinh.—Veniwal, Tam.—Mara-manjal) cof the family Menis-
permaceae.’’ Native medical practitioners, however, had a good reason though
they may not have been aware of it, for using C. fenestratum as a substitute for 3.
aristata since the chemical analysis had revealed the presence of berberine (XL)16
which is known to be the active principle in both specics.

6.2. Alkaloids of Berberis tinctoria

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

6.3. Pharmacology 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 internaily as an anti-malarial,
febrifuge, carminative and externaliy as dressing for indolent uloers.'® Pharmacologi-
cal evaluation of several Berberis species, berberine and other plants known to
contain this alkaloid and related aikaloids have been reported and an extensive
review on alkaloids of the genus Berberis and their pharmacological action has
recently appeared.® In additicn to the above, somc other properties are also
observed with cither Berberis species or berberine and a summary of these are
presented in Table 9.

TABLE 9. Pharmacological action of Berberis spp. and berberine.

Sample tested Pharmacological action ' Ref.

B. amurensis roots depression effects in cats and vasoconstriction in

1solated rabbit ears 41
Berberis spp. and berberine inhibition of respiration of dysenfery bacteria 120
Berberine, palmatine and effective against
Jjatrorrhizine and extracts Staphylococcus aureus 75
of Coptis japonica (Ranun- :
culaceae).
B. Iysinum roots depressant action on isolated rabbit heart, acute fall in

bloed pressure 128
Berberine sulphate from bactericidal on  Staphyviecocci 93

B. vulgaris rhizome cortex
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7. Lauraceae Alkaloids

7.1. Intreduction

This family of plants produces 5 basic types of alkaloids,'?® of which aporphines and
their biogenstic progenitors, tetrahydrobenzylisoauinolines occupy a chief place
The dimeric alkaloids, hisaporphines and bisbenzylisoquinolines are also not un-
common in the plants of Lauraceac.

Lauraceae is one of the major alkaloid bearing families of Sri Lanka which has
23 endemic species out of the total of 33 species availabl." n addition to 6 medi-
cinally useful plants, this family contains the economically important cinnamon
(Cinnamonmun  zeylanicum  B.) plant 170

7.2. Alcaloids of Neolitsea fuscata

The genus Neolitsea of the family Lauracsse has 2 species in Sri Lanka,! N, fuscata
{Thwaites) Alston and N. Cassig (L) Kesterman { — M. involucrata Alston) of which
ths former is endemic to the country.™ Althou gt N. fuscata has no reported medicinal
uses, some other species of this genus have reputed medicinal activity.®® A number
of aporphine alkaloids have beea isclated from plants of the genus Neolitsea 87,117
Investipation of N. fuscara stem bark collected at Hakgala has shown the presence
of aporphine base, isoboldine (XLITL) as the major alkaioid,” which represented the
first report of its occurrence in this genus. Proserce of ircbeldine in this genus is
significant since it could be regarded as the biosynthetic precurser™ of neolitsine
(XL1V), an aporphine base isolated from M. pulchella® (see Scheme 4).

Scheme 4. Biosynthesis of Neolitsine from Isoboldige.

8 Alkaloids of Legunminosae
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 medicine.’ Although Leguminosae
has no alkaloids characteristic of the family Crotalaria and Erythrina, two of the
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genera found in Sri Lanka contain alkaloids characteristic of thesc 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
Erythring and Acacia species.

8.2. Erythrina alkaloids

Four species of Erpthrina, 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, cra-mudu; Tam—mullu
murukku) are known to have an array 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 collyrium in ophthalmia ; the leaves are used as a
stomachic and diuretic and for relieving pain ir joints? the juice is applied to syphili-
tic buboes.  E. variegatq is also used both as a lactogogue and an emmena gogue and
i5 an ingredient in many dscoctions.1?

Up-to-date over 30 Erythrina 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 .Erpthrina alkaloid isolated
from Coculus laurifolious of the family Menispermaceaec.® A number of other
alkaleids 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 (cg. hypaphotine). Hypaphorine (LX) has been reported
to be present in almost every Eryiirina species studied and is probably ubiquitous,™

Tasie 10. Some Erythring alkaloids of the dienoid type.

R1 R2 R3
Erysopine (XLV) H H CH.
Erythraline (XLVI) ~CHy— CH;
Erysodine (XILVID) H CH ¢H.
Erysotrine (XLVIII) CH; CH; CUhH;
Erysonine (XLIX) H CH; H
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TapLe 11. Some Erythrina alkaloids of the alkenoid type.

S

RO~

R

] Rl R2 R3 R4

Erythratinone (L) CH; CH; = OCH;
3-Demethexyerythratidinone (LI) CH; CH; =0 H
Eryvthratine (LID) —CH,— OH OCH,
Erythramine (LU —CH,— H OCH;,

Tasie 12. Some tetrahydrobenzylisoquinoline alkaloids of Eryhrina species.

N-Norprotosinomenine (LIV) H CH; CH; H H
Protosinemenine {LV)
N-Nororientaline

Orientaline :

CH O™
(LVI) A1 @wviy (LIX)
(LVIT) A3

rxy
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The pods of the Indian variety of E. lithosperma Blume has yielded 12 alkaloids
belonging to 3 classes, benzylisoquinoline, Erythring and indole (see Table 13)
including 2 biogenetically significant alkaloids ( + ) N-norprotosinomenine (LIV)
and erysodienone (LVIII). Alkaloids present in other parts of the Indian plant are
summarised in Table 14..% [Investigation of the leaves of & lithosperma Blume
(smooth variety, a thorny variety is also available) collected in Sri Lanka has revealed
the absence of the latter 2 alkaloids.15.16 However, from the local species 2 new
alkaleids structurally refated to erysodienone, yiz, erythratidinone (L) and 3-deme-
thoxyerythratidinone (LT) have been isolated. Among the other alkaloids present
were erythratine (XLVI) and erysotrine (XLVILI) {(see Table 13).

Chemical unalysis of the leaves of E. fusca Lour. from Sri Lanka has revealed the
presence ol only erysotrine (XLVIIi) in isolabic quantities.!s

TasLe 13. Alkaloids of Indian and Sri Lankan varieties of E. lithosperma Blume.

Alkaloid ' ' : Pods of loavos of Sri
: - a ~— Indian variety Lankan variety

Class identity (X 10—5%)  ( x 10—2%)

Benzylisoquinoline N-Morprotosingmenine (LIV) 6.7 o
Protosinomenine (LY) 2.8 —

Ervthrina Erysodienons (LVIID 1.8 =

[Rearrangsd benzyl  Brythratidinone 1 (L) e 12.0

soquinoline or 3-Demethoxyerythratidincoe  (Li) - 1.6
spiroamine] Hrysopine {(XLV) 4.8 Jeie

Erythraline {(XLVD 5.8 Trace

Erysodine (XLVII) 7.6 U

Erysotrine (XLVD 52 22.0

Erythratine (LID 1.6 o

Erythramine (L) 14 —

[-Erythroidine (LVD) 2.7 —

Indole N, N-Dimethyltryptophan {LXI) 37 —
Hypaphorine {LX) 1.9 —

Tasie 14. Alkaloids of various parts of the Indian E. lirhesperma.

Plant part Alkaloids present

Seeds Erysodine (XLVIF), Erysopine (XLV)
Erysomne (XLIX)

Leaves Erysopine (XLV)

Bark Erysotrine (XLVII), Erysodine (XLViI),

Erythramine (LIIY), Erythratine (LII)

83. Biosynthesis of 3-Demethoxyerythratidinone

3-Demethoxyerythratidinone (LI) is unique in the Sri Lankan variety of E. Jithos-
perma in its lack of 3-methoxy group. This implies a late stage modification of the
normal biosynthetic pathway.!> Some plausible routes to (LI) from N-norprotosino-
menine (LIV) via erysodienone (LVIII) is depicted in Scheme 5.
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HO

N-Norprotosinormenine
(L)

——  CHO

{1

*Reduction ; **Demethylaticr: : **%Dehydration.

Scheme 5. Biosynthetic routes to 3-Demiethoxyerythratidinone in Sri Lankan Eryihrina lithosperma
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84. Pharmacology of Zrythrina Alkaleids

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.®.13" However, first
isolation of a crystalline biologically active Erythrina alkaloid, named ervthroidine
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 a—and F—erythroidines. f—erythroidine (LVI) and its more potent
derivative dihydro-//-—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 Erythrina species and these resuited in the isolation
of a number of physiologically active alkaloids, most of which showed some
curariform activity.

The total alkaloids of E. variegata 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 |as laxative, 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 in Cassia absus (Leguminosae) has been shown to stimu-
late uterine tissue.*8.1%?

8.5. Crotalaria Alkaloids

The genus Crotalaria contains at least 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, Heliotropitm
¢ Trachelanthus and Trichedesma (Boraginaceae).'® Of the 29 species of Crotalaria
recorded from Sri Lanka,! C. multiflora (Arn.) Benth. and C. walkeri Arn. are
known to be endemic.!?

C. verrucosa L. (Sinh-— nilandanahiriya ; Tem.— 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
is 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 externaily for scabies and impetigo. The leal prepara-
tion is also applied to eruptions 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 % 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. semperfiorens.’® Quantitative estimation had revealed
seeds of C. walkeri to contain 0°20% tertiary bases and 0:069, N-oxides. The
ethanol extract of the powdered dehusked seeds on partition chromatography over
buffered celite 525 has afforded a new sccopyrrolizidine alkaloid, crotaverrine,
(LXII) and its derivative, O-acetylcrotaverrine (LXTII). The structures of these
tertiary bases have been elucidated by ¢ mbined chemical and spectral analyses.

RO CH;

X :R=H
(LX1I) ; R = COCH,

8.6, Pharmacology and Toxicology ef 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.’»** 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 Creotalaria species (see 8.5) for their hepatotoxicity.®

O CHCH,

#2709 R HE S OH
(LXIV)
_;Tnvesﬁgation of these and other plant species used in native medical practice for hepatotoxicity

and the occurrence of pyrrolizidine alkaloids has been undertaken by Prof. 8. N. Arseculeratne
of the Dept. of Microbiology, Peradeniya Campus in collaboration with the author.

11—16489
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Poigoning 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)) are
twice as toxic as the open diesters, and 4 times as toxic as the open monoesters.
Esters of branched-chain acids are toxicwhile esters of straight chain acids are not.14?
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.1®

9. Alkaloids of Liliacene
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 Il-phenethyl-1,2,3 4-tetrahydroisoquinoline origin and Veratrum
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 Sti 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.?&*  The roots are used for snake-bites and scorpion stings and the starch
from roots is given internally for gonorrhoea.2?

9.2 Alkaloids of Gloriosu superba

The tubers of G. superba gathered from Sri Lanka were chemically investigated as
far back as 1915 by Clewer and his co-workers.3! 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 probable
molecular formula, C;,H;;0O,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.** Their examination of the mature tubers which commonly cause
poiscning in the rural areas of Sri Lanka, had revealed colchicine (LXV) to be the
major alkaloid (0.025%). However, the colchicine content was remarkably low
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compared to that found in the tubers of European (ca. 0.20%) and African (0.12%)
origin. Colchicing was also found to oceur in the tender tubers, seeds and flowers.
Three other alkaloids, namely N-formyl-N-desacetyleolchicine (LXVI) (0.003 %)
2-demethylcolchisine (LXVII) and lumicolchicine (LXVIII) were also isolated from
the mature tubers. They also found several other unidentified aikaloids to be
present in trace amounts.

(LXY) ; R1=CHj; R;=COCH; (LXVIILD)
(LXVI) ; R3=CH; R2=-CHO
(LXVID) ; Ri=H, R2-COCH;

Seeds of G. superba obtained from Sri Lanka were also analysed by Santavy
et al. ''* by paper chromatographic techniques and was shown te contain colchicine
(LXYV), N-formyl-N-deacetylcolchicine (LXVI) and 2-demethylcolchicine (LXVID).

9.3 Pharinacology and Texicology 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
in rats poisoned 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 (sce above).

Subbaratnam obtained another alkaloid named gloriosine from G. superba during
the isolation of celchicine.’** Amoreso found both coichicine and gloriosine to
have an anti-mitotic effect.5 It has aiso been demonstrated that gloriosine is more
effective than colchicine in polyploid fermations. 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(lossof hair) caused by treatment with colchicine!33.136
and due to the ingestion of tubers of G. superba is known.®
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10. Alkaloids of Moraceae
15.1. Introduction

Moraceae in Sri Lanka has 34 species distributed in 11 genera.'s* Of these, 5 species
in the genera Allaeanthus (more correctly Broussonetia®®), Arfocarpus and Ficus
are reperted to be endemic. The former two genera contain one each of endemic
species and Ficus has 3 species which are endemic.!!

Alkaloids are infrequent in the plant species of Moraceac. From Ficus spp.
5 alkaloids have been known, 3 having a phenanthro-indolizidine skeleton, viz.
tylocrebine (XXXVI), tylophorine (XXXII1)and septicine (XXXIX) (see 5.2. Tylophora
alkaleids) and two flavonoid-type alkaloids, viz. ficine (LXIX) and isoficine
(LXX)."»* No alkaloids have been reported from the genmera Artocarpus and
Broussonetia.

R
O
N
OH O
(LXIX) R= Q JR=H
CH

3
AXX) R:H , R: Q

CH3

10.2  Alkaloids of Broussonctia zeylanica (Allaeanthus zeylanicus)

The genus Broussonetig 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 against three common
pathogenic organisms ; Candida albicans, E. coli and Staphviococcus aureus.™
Prompted by this, an investigation directed towards the isolation and identification
of the active constituent had led to the recognition of a new alkaloid, 8-hydroxy-
quinoline-4-carboxaldehyde (LXX!) in 0.25% yield from the dried timber. This
alkaloid was found to be active against C. albicans and S. aureus. This was the
first report of a naturally occurring 8-hydroxyquinoline (oxine). However, 8-hydroxy
4-quinolone has been recently reported as a constituent of the ink of giant octopus,
Defleini martimi. 153
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CH=R

(LXXD) ; R=0O :

; Il
(LXXID) ; R=N—NH—C-—-NH,

10.3  Biosynthesis of 8-Hydroxygquincline-4-carboxaldehyde

Some naturally occurring quinolines are known to arise from the corresponding
indole precursors,'®4 an important example being cinchonine which arises biogeneti-
cally from cinchonamine (sce 11.6). It has been proposed, on similar grounds,
that 8-hydroxyquinoline-4-carboxaldehyde (LXX1) could arise from 8-hydroxy-
tryptophan (LXXIII) by a biosynthetic pathway depicted in Scheme 6, for which
chemical analogues are known.!'®?

é\iU/\TiUOZH Ay O
WA W O )N

H

(XX1V)

X CHO
CHO 2 =
CHO e
- NH, N
OH OH
(L0

Scheme 6. Proposed biosynthetic route to 8-Hydroxyquinoline A-cérboxaldehyde from Brous-
soretia zeylanica.
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104 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 Ry strain of Mpyobacterium tuberculosi.
However, the effective doses were found to be toxic to mice. Pharmacological
evaluation of 8-hydroxyquinoline-d-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.?*

(LXXIV)

il. Alkaleids of Rubiaceae

11.1 Ietroduction

Rubiaceae, one of the major alkaloid bearing families of Sti Lanka, is known to
contain mainly the alkaloids of oxindole,’” yohimbine!?* and heteroyohimbine
types.’” Alkaloids have been reported from several genera belonging to this family
(see Table 15).

In Sri 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
indigenous system of medicine. Table |5 summarises ihe medicinally useful and
alkaloid containing genera of this family occurring in Sri Lanka. Of these, Mitragyna
parvifolia (Roxb.) Korth., Uncaria thwaitesii (Hook. £ .) Alston and Cinchona ledgeriana
Moens. have been subjected to detailed investigations.

11.2  Mitragyna Alkaloids

Mitragyna and Uncaria are members of the tribe Naucleae of the family Rubiaceae.??
Trimen has recorded two species of Mitragyna, viz. M. parvifolia and M. tubulosa
(Arn. ex Bedd.)) Kuntze from Sri Lanka.164
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Tance 15. Medicinally used and alkaloid containing genera of Rubiaceae
fourd in 5ri Lanka.

No. of species No. of species Presence
Genus in Sri Lanka  wused in indigenous of
{No. endermic) medicine Alkaloids*

Anthocarpus 1 1 ++
Borreria 3 1 —++
Canthium 7 (5 2 +
Cinchona (1} i ++
Gardenia 3 1 e
Hedyotis 29 (22) 1 + -+
Ixora 5(2) 1 + 4
Knoxia 4 (1) 4] + 4
Lasianthus 9 (%) [1] =
Morinda 3 3 +
Mitragyng 2 1) + 4+
Mussenda 2 2 —
Nauclea 1 1 —_
Neonauclea 1 (1) [t} +
Oldenlandia 7 5 —
Ophiorrhiza 7 i o
Pavelta 11 (3) i o
Psychotria 13 (9 0 44
Randia 5 2 4
Rubia 1 1 —
Tarenna 2 1 e
Tricalysia 2(2) 0 ++
Uncaria 1Q1) 0 iy
Urophyllum ' 2D 0 Heads

*(} 1) 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.’¥ In Thailand,
the leaves of M. speciosa Korth. are chewed as a narcotic and the leaves of M.
parvifolia are reputed as an aatidote for opium addiction. The bark of M. africana
Korth. is used as a febrifuge in Western Africa.

In their series of investigations on Mitragyna alkaloids,'47,148,149,150  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.1%® The tertiary alkaloids present were akuammigine (LXXV),
tetrahydro-alstonine (LXXVI), Uncarine C [pteropodine (LXXVIIL)], Uncarine
D [speciophylline (LXXVIiil)], Uncarine E [isopteropodine (LXXIX)], Uncarine
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F(LXXX), coryantheidol (LXXXI) and dihydrocorynantheol (LXXXIl). 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 a number of developer solvent systems. Characterised in this
manner were the N-oxides of akuammigine, speciophylline, Uncarine F and dihydro-
corynantheol (see Table 1R8).

TaBLE 16, Some pentacyclic ring E heterooxindole alkaloids of
Sri Lankan Rubiaceac.

0
HN:;5 } =
3 HN_® }
@, Y
0
Cin-r cin-s

oy C(3)-H_C(19)-H C(20)}-H

Uncarine C (LXXVID) R o Jis o
Uncarine D (LXXVIID) 8 g B o
Uncarine E (LXXIX) S o p a
Uncarine F (LXXX) R yii il o
Mitraphylline (LXXXIV) R & Jei Il
Isomitraphylline (LXXXV) S a g i)
Formosanine (LXXXVIED R o o /3

W

‘\

3
C(20)—H
Corynantheidol (LXXXT) o

Dihydrocorynantheol (LXXX1) S
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TAaBLE 17. Some terpenoid indole alkaloids of Sni Lankan
Rubiaceae.

CHB alle, epalle

COrH  CRO-H

Akuammigine (LXXV) g o
Tetrahydroalstonine {(LXXVD) o %
Ajmalicine (XD o Jij
Isoajmalicine (LXXKITD 4 Jii

Roxburghine D (LXXXIX)

TasLe 18, Alkaloidal N-oxides of Sri Lankan M. parvifelia

TLC
Adkaloid % wield *Rf b 10(:L
Speciopnyiline N-oxide 1.33 i4 4
Unearinig—F N-oxide 1.33 36 28
Akuammigine N-oxide 1.66 38 46
Dihydrocorvnantheo!l N-oxide 0.67 50 36

*[Jsing Silica gel G/methanol
FUsing Silica gel G/chloreform— methanol, 6 : 1

1216489

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media

71


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

72 A. A. L. Gunatilaka

11.3. Biosynthesis of Mitragyna Alkaieids

Mitragyna species are known to produce both indole and oxindole groups of alkaloids.
In 1969, Shellard, Phﬂhpson and Gupta observed that when both indole and oxindole

alkaloids occurred in Mitragyna species, the D/E ring systems (as in LXXIV and
~ LXXIII) were identical in bothtypesof alkaloids.'* Furthermote, 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. all% states that: (@) the plant synthesised thermodynamically
more stable indole alkaloids according to the scheme suggested by Battersby and
Hall'” for the biogenesis of indole alkaloids, (&) these alkaloids then isomerised
into the corresponding thermodynamically less stable configuration, and (¢) all the
indole alkaloids were then converted to the corresponding oxindole alkaloids.
-The pattern of alkalcids 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 Utitar Pradesh state of India.

Isopteropodine
{ LXXIX)
Tetrahydroalstoning  =—— j i‘
(LXxxvn) Pteropodine
(LXxviD

Speciophylline

LXXVIU
Akuammigine : ( &
(LXXV) ; j ?
Uncaring-F
(LXXX)

Scheme 7. Alkaloidal pattern in Mifragyna paniifolia from Sri Lanka.

During these biosynthetic investigations, Shellard and Hougbton fed ajmalicine
(XX1) and 3-isoajmalicine (LXXXII) into young plants of Sri Lankan M, parvifolia and
in both cases obtained mitraphylline (LXXXIV) and isomitraphylline (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 Mitragyna 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 sseds obtained from Sri Lanka.¥® During
this study they were able to resolve one of the major problems ; the role of mitra-
phyltine (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 sseds 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 maiure trees supported the above
metabolic pathway indicated in Scheme g.

C(3)-H « Indoles  =—————— C(3)-He Oxindoles

W
C(3)~-H B Indoles

C(3)-H g Oxindoles

wmmd major route § ——> minor route

Scheme 8. Biosynthesis of Oxindole alkaloids in Mitragyia species.

11.4. Pharmacology of Mitraoyna Alkaloids

Some Mitragyna alkaloids are known to have pharmacological activity. Mitragy-
nine (LXXXVI) is a general protozoal poison but is ineffective against bacteria or
pathogenic protozea. It has a depressant effect in isolated tissues, facilitates the
passage of impulses in the autonomic nervous system and increases the excitability
in the medulla and probably of motor centres.® Mitraphylline (LXXXIV), an
alkaloid reported from a nurnber of Mitragyna species, resembles mitragynine in its
pharmacological activity but is less effective.%®  Mitraphylline is also hypotensive.121
It is interesting to note that, in connection with the employment of Mitragyna
extracts as febrifute (see above), rhynchophylline [mitrinermine (LXXXWVII)] exhibits
a significant antipyretic action.’?%137 Rhynchophylline was also found to be toxic to
paramecium, 2!
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3
: o2 O0H
C H3 &2*2. 3

(LXXXVI) Mitragynine (LXXXVID 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.!?2 It has been suggested that the hypotensive effeet of the above extracts
are, in part, due to rhynchophylline (LXX3VII).Us

12.5. Alkaloids of Uncaria thwaitesii

The members of the genus Uncarig are large woody climbers most of which are
found in the tropics particularly in the Far East. Not much attenticn has been
directed towards the chemical studies on this genus which was partly due to the
confusion that existed in the taxenomy and nomenclature, However, recently the
genus Uncaria hes been revised and 39 species out of a total of 120 have besn 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. thwaitesti (Hook. £) Alston
which is endemic to the country has been investigaied recently for alkuioids 315283
From the bark basic extract, four indole alkaloids viz., formosamine (LXXXVILD,
mitraphylline (LXXXIV), roxburghine D (LXXXIiX} and another roxburghine
isomer with a m.p. 215°C have been isolated in the yislds of 0.009, 0.15, 0.002 and
0.003 7] respectively. The occurrence of these less polar bases formosamine, mitra-
phylline and a roxburghine isomer with am.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 spectral analysis and chemical reacticas.
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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 toe a guinuclidine 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 abserption property.

H=CH,
HO Z

N T

(XC)

Plants belonging to the genus Cinchong are not indigenous to this country. How-
ever, C. ledeeriana Moens. has been introduced to Sri Lanka with the seole 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 experters™ Their method invelved a two dimensional
TLC analysis using silica gel plates and the developer solvent systorn CHCI,-MeOH-
179 MNH; (24 : 6 : 0.05 v/v) and diethy! ether-diethylamine (17 : 1, v/v). Further,
this msthod may prove useful in the study of varicial and geographical variation of
aikeloid content in Cinchona samples,

Quinine (XC) is one cf the least iexic alkaloids known. Non-fatal cases of
poisening have been caused from iis use as an antimalarial,''! but fatalitics were
usually due to its use as an abortifacient.™®

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

12. Alkaleids of Rutaceae
12.1. Entroduction
The Rutacese family of plants produces 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 fur reported, the struciures 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 aurantifolia 1.), lemon (C. limonium L.), orange (C.
sinensis) and curry leaf (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.'® Tt is noteworthy that the bark of A. laurifolia
(Sinfi—ankenda) is used in indigenous system of medicine as an application to
sores and ulcers,'?

12.2. Alkaloids of 4ialantia ceylanica

A. ceylanica (Arn.} Oliv, (Sinh.—yakinaran : Tam.—peykuruntu) is a much branched
bush armed with sharp stout spines and is cormon in low country and in eastern
province. The leafl 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 4. ceylanica obtained from St
Lanka.’.>* From the wood extractives of this plant they isolated 2 major acridone
alkaloids, 3,12-dihydro-6,11-dihydroxy-3,3,12-trimethylpyrano (2,3-C) acridine-7one
(XCII) and its 5-(3-methylbut-2-enyl) derivative (XCII) in the yields of 0.04 and
0.003 9 respectively.®> 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 acronycine (XCI) (see above). Occurrence of (XCII) as a plant product is
particularly interesting since it has been tentatively reported as one of the metabolites
isolated from rat bile after dosage with acronycine 155

TasLe 19. Some acridone alkaloids from
A. eevignica.

s Ay i;':“’-
: S
QG
N —
4 s 0
R* CH, 7
R1 Rz R3
(XCD H CH; H
(XCII) 4151 H H
(XCIm) OH H —CHyCH= e
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(XCV)

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

12.3. Biosynthesis of Atalantia 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 introduction of the 5-hydroxy function into acronycine (XCI) to
obtain (XCII} probably occurs at a later stage, perhaps vig 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 4. ceylanica.®® 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, i.e. ortho to its hydroxy group. However, the authors have stated that
alternative sites for the ether linkage cannot be excluded.
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Scheme 9. Possible biosynthetic routes to the alkaloids of Aralentia cevianica.

12.4. Alkaloids of Glycosmis bilocularis

The genus Glycosmis has 2 species in Sri Lanka, G. bifocularis Thwaites and G.
pentaphylia (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 (Sink.—dodanpana ; Tam.—
kulapannai) is used in snake-bites and given in cases of low fever.?®

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 acridone, quinazolone and furo (2,3-b) quinoline types.
The quinazolone alkaloids identified were glycorine (XCVII) and arborine (XCVIII)
whereas furo (2,3-b) quinclines included dictamnine (XCIX), skimmianine (C) and
kokusaginine (CI). The acridone type which is characteristic of the family Rutaceae
included the known alkaloid arborinine (CII).and a new base .5-hydroxyarborinine
(CII). It is important to note that the presence of acridones hydroxylated at
C-5 appears to be a characteristic of the Sri Lankan Rutaceae (refer XCII, XCIIT
XCIV, and XCV).
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12.5. Alkaloids of Micromelum ceylanicim
Micromelum ceylanicum Swingle, the only species of this genus found in Sri Lanka
which has been wrongly reported by Trimen'®* 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
have isolated an alkaloid whose structurc is presently under investigation,

13. Miscelianeous Studies

13.1. S5-Hydroxytryptamine in Edible Fruits
S-Hydroxytryptamine (SHT) or serotonin (C1V) which is known to be derived from

the amino acid tryptophan (XXIV) is considered to be an important biogenetic
amine.!® Prompted by a report!®® of its occurrence in banana, and clinical conse-
quences, Dharmatiluka and Kottegoda have investigated a number of edible fruits
from Sri Lanka* forits 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 anamalu plantain, papaw (Carica
papaya) and Jambola (Citrus decumana) contained appreciable amounts of SHT.
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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 resulis
when the uring samples of patients with suspected carcinoid tumour are examined.

14. Summary and Conclusions

The plant species of Sri Lanka that tave 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 isolated and
11 detected by chromatographic techniques. Amongst the alkaloids isclated,
10 were found to be new. Besides 8-hydroxyquinoline-4-carboxaldehyde (LXXI)
obtained from the endemic species Browssonetia zevianica (Moraceac), these new
bases have not been evaluated for their biological activity.

TasLe 21. Alkaloids found in Sri Lanka Plants

FAMILY Alkaloid(s) present Ref
Flant species Mame(s) Formula{e)
ANCISTROCLADACEAE X ;
Aneistrocladus hamatust  ancisirocladine {1} 66
hamatined (L15) 66
APOCYNACEAR .
Holarrhena wmitisl conessine (V) 19, 27, 101
is0-conessimine (VD) 27
noladienine (IX) 27
conkurching {XITT) 27
helarrhenine (VII) 27
holafebrine (X) 27
helarrhimine (X1) 27
N-3-meth; lnolarrhimine  (X11) 27
initiphyiline (XV) 89, 102
N-desmethylmitiphylline  (XVI} 89, 102
trigcanihine (X1V) 89, 101, 102
conamine (VIIi) 0]
Catharantius roseus vincaleukcblastine2,4 (XiX) 70, 152
and C. pusillus leurocrisiine?,4 (XX) 70, 152
ajmalicine2,4 (XX 70, 152
vincamine?2,4 (XXiD) 70, 152
(Vinca spp.) Sa-carboxystrictesidine (XXIX) 36
strictosidine : (XXVIII) 36
Rauwolfia serpentina Sgp-carboxystrictosidine (XXiX) 36
strictadesine (XXVII) 26
Kopsia fruticosa ajmalicine2,4 {XXI) 7
ASCLEPTADACEAE
Tylophora astiimatica tylophorine (XXXIIT) 126
tylophorinine (XXXIV) 126
tylophorinidine (XXXV) 126
T. cordifolia tylophorinine? (XXXIV) 126
T. flaval tvlophorine2.4 (XXXIII} 126
tylophorinine? {(XXXIV) 126
BERBERIDACEAE
Berberis tinciovia berberine4 (XL) 144
lankamine? and
11 other alkaloids 144
LAURACEAE
Neolitsea fuscatal 1soboldine (XLII) 72
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FAMILY Alkaloid(s) present Ref
Plant snecies Name(s) Formulale) e
LILIACEAE .
Glorioya superba colchicine4 (LXV) 31, 43,44, 110
N-formyl-N-deacetyl (LXVI) 44, 110
-colchicine
2-demethyl colchicine (LXVID) 44, 110
Iumicolchicine {LXVIII) 44
LEGUMINOSAE :
Erythrina lithosperma erythraiidinone (L) 15, 16
3-demethoxyery-
thratidinone (LT} 15, 16
erythraline4 (XLVI) 15, 16
erysotrine (XLVIL) 15, 16
E. jusca erysolrine (XLVIHI) 15
Crotolaria wallkeri! crotaverrine3 (LXIT) 160
O-acetylcrotaverrine (LXI1i) 160
MORACEAE
Broussonetiz zeylanical  8-hydroxyvquinoline
{ = Allaeanthus zeyianicus) -4-carboxaldehyde3, 4  (LXXI) 71
RuslscEAE =
Mitragyna parvifolia akuamiigine (LXXV) 149
tetrahydroalstonine (LXXVI) 149
Uncarmne € (LXXVI) 149
Uncarine ¥ (LXXVIID 149
Uncarine E (LXXIX) 149
Uncarine F (LXXX) 149
coryrantheidol (LXXXD 149
dihydrocorynantheol LXXXITy 149
akuammigine N-oxide
Uncarine D N-oxide
Uncarine ¥ N-oxide 149
dihydrocorynantheol
N-oxide 149
Unearia thwaitesiil Uncarineg A {(LXXXVIII) 81-83
mitraphyllineg4 {(LXXXIV) 81-83
roxburghine D (LXXXIX) 81-83
Cinchona ledgeriana quinine2,4 (XC) 171
quinidine2,4 17
Sa-carbosvstriciosidine (XXIX) 36
RuUTACEAE
Atalantic ceylanical acridone alkaloid A3 {(XCII) 52
acridone alkaloid B3 (XCill) 52
atalanine3 (XCIV) 51
ataline3 {(XCV) 51
Glycosmis bilocnlaris glycorine (XCVID) 22
arborine {XCVITD 22
dictamnine (XCIX) 32
skimmianine Q) 22
kokusaginine {C1) 22
arborining (CII) 22
5-hydroxvarborinine? (CILI) 22

Citrus dectimang serptonin? (CIV) 38

lendemic to Sri Lanka

2alkaloids detected but not isclated
3new alkaloids

4pharmacologically active alkaloids.
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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 lecal 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 specics that have been investigated.
On the other hand, an extensive screening programme had shown that out of the
464 plants tested at least 201 contained alkaloids which is above the average incidence
anticipated.’>.!*®® 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 neced 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 goed. It 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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INSTRUCTIONS TO CONTRIBUTORS

Manuscripts and all correspondence relating
to them should be sent to :

The Secretary, Editorial Board,

Journal of the National Science Council
of Sri Lanka,

47/5 Maitland Place, Colombo 7,

SRI LANKA.

EDITCRIAL POLICIES

thmissieq of Papers : Papers are accepted
for editorial consideration with the under-

standing that they have not been
published, submitted or accepted for publi-
cation elsewhere. Papers accepted for

publication may not be published elsewhere

in the same form, either in the language .

of the paper or any other language, without
the consent of the Editorial Board.

Research papers, Papers read at Symposia
and Reviews may be submitted to the
Editorial Board. Research papers should
describe original investigations or techno-
logical achievements. Reviews should be
critical  evaluations of existing knowledge
in a specialised field. ' The Journal - also
accepts Short Communications. = They
should be submitted if the resuits are of
sufficient importance to merit publication
in advance of a full paper.
Languages of Publication : Sinhala, Tamil
and English.

Referceing and Editing : All material sub-
mitted is examined by two or more
referees prior to publication. Papers are
edited to increase clarity and ease of
communication. In preparation for the
press, particular attention is paid to
grammar and the conventions of the Jour-
nal with regard to symbols, illustrations,
tables, references and nomenclature.

Manuscripts submitted for editorial considera-
tion can be processed expeditiously if they
conform from the outset to the sityle of the
Journal. Authors are therefore advised to follow

closely the form described in‘these instructions:

PRESENTATION OF MANUSCRIPTS

No maximum length of contributions is
prescribed but papers should be written
clearly and concisely. All unnecessary
textual matter, figures and tables must be

eliminated, In general, the impersonal
form should be used.
Supplementary material of a detailed

nature, which is not essential in the
printed paper, but may be useful to
other workers, may be deposited with
the Secretary. Such material will be
made available to other scientists on request
and a note to this effect should be included
in the paper.

The paper should be reasonably sub-
divided into" sections, and if necessary,
sub-sections. The following pattern is
suggested for Research Papers : (a)
Introduction (b) Experimental (¢} Results
(d) Discussion (e) Conclusions (f) Ack-
nowledgements (g) References. In many
cases, two of sections (b), (c) and (d)
can be combined. When a scparate
Discussion is used, it should not reca-
pitulate the results but discuss their signi-
ficance and relation to the object of the
work and to the work of other people.-
Conclusions should = not merely repeat
preceding sections.

Special care must be taken in citing
references  correctly. Responsibility for
the accuracy of these rests entirely with
the authors. It is the authors’ respon-
sibility to' .obtain written permission to
reproduce material  which has appeared
in another publication.

FORM OF MANUSCRIPTS

Manuscripts should be submitted in trip-
licate — including the original typewritten .
copy — typed throughout in double spacing
on one side of the paper only. Adequate
margins should be left (4 cm) with liberal
spacing at the top and bottom of each
page. The typescript should be free of
corrections: ot s
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Headings of major sections should be
centred and sub-section headings should
be placed on the left of the page. The
complete set of headings and sub-headings
in an article should be numbered follow-
ing the style adopted in this Journal
and the set should reflect the logical
development of ideas.

Paging : Each page of the manuscript
should be numbered and the name of
the first author and page number indicated
in the upper right-hand corner of the page.

The first page should contain the article
title, the name(s) of the author(s) and
name and address of the establishment

where the work was carried out. In the
case of co-authors, respective addresses
should be clearly indicated. Female

authors should include one of their given
names. The title should be concise but
informative. The first word of the title
should preferably be one useful in indexing
and information retrieval. Where a series
of related papers is submitted, each indi-
vidual paper should have the same gensral
heading, followed by a series number and
title of the part. Any footnote to the title
should be given at the bottom of this page.

The second page should contain an
stract (of not more than 250 words) which
should be a summary of the entire paper,
not of the conclusions alone and intelli-
gible without reference to the paper itself.
The text should begin on page three and
each subsequent major section —references,
figure legends and table legends should
begin on a new sheet.

The last page should contain (a) a note
as to the number of manuscript pages,
figures and tables, (b) proposed running
title of less than 42 characters (letters
and spaces) and (c) the name and mailing
address of the person to whom the proofs
should be sent.

Iflustrations All illustrations are consi-
dered as figures and each graph, drawing
or photograph should be numbered in
sequence with Arabic numerals. Authors
must submit the original and two dupli-
cates of each figure. Figures should be
planned to fit the proportions of the prin-
ted page (12 x 17 cm).

Figures must be drawn in Indian ink
on plain white paper or board or tracing
paper, not larger than 20 x 30 cm.
Drawings should be lettered with a
lettering set; lettering should be kept large
enough to be legible after a reduction of 50

ab--

to 60%. If this is not possible, all letters
and numerals must be inserted clearly and
lightly in blue pencil and not in ink.

Each figure should carry a legend so
written that the general meaning of each
illustration can be understood without
reference to the text. The amount of
lettering on a drawing should be reduced
as far as possible by transferring it to
the legend. Figure legends should be
typed on a separate sheet and placed at
the end of the manuscript.

Graphs should: be plotted on white or
blue-lined graph paper or tracing cloth;
grid lines that are to be shown in the
engraving should be inked in black. The
caption of each axis should be lettered
parallel to its axis. Each figure should
be identified in the margin with author’s
name and figure number. The preferred
position  of all illustrations . should e
indicated in pencil in the manuscript.

Photographs : Half-tone illustrations should
be included only when essential. Good
glossy prints with sharp contrasts between
black and white areas should accompany
the manuscripts; they should not be
attached to manuscript pages. The size
should be such that when the print is
reduced to the normal size for reproduction
(12 x 17 cm maximum), the detail is still
clear. Magnification should be indicated
with a scale line on the photograph.
The author’s name and figure number
should be given on the back of each
photograph.

Tables should not repeat data which are
available elsewhere in the paper. Each
table should be typed on a separate sheet
with due regard for the proportions of
the printed page. They should be
numbered consecutively with  Arabic
numerals. Tabulated matter should be
clearly set out and the number of col-
umns in each table should be kept as
low as possible. Tables should have
legends which make their general mean-
ing clear without reference to the text
and all table columns should have expla-
natory  headings. Units of measure
should be indicated in parentheses in the
heading of each column. Vertical lines
should not be used and horizontal rules
used only in the heading and at the bottom.
A one-column table may be up to 42
characters (letters and spaces) wide. A
two-column table may be 90 characters
wide. Footnotes to the tables are to be
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placed directly below the table and should
be indicated by . superscript lower-case
italic letters (a, b,c, etc). Each table
should ¢arry on the back of the sheet
the author’'s name and figure number.
The preferred position of tables should
be indicated in pencil in the manuscript.

References to the literature must be indicated
in the text by a small superior number refer-
ring to the list of references which must be
inserted on a separate sheet at the end of the
paper. The list should be arranged in alpha-
betical order by author and numbered in
Arabic numerals. All authors’ initials must
be given after surnames. The year of
publication should follow in parentheses.
When journal articles are listed, the journal
name should be abbreviated in accordance
with the World List of Scientific Periodicals
1900—1960, 1972, 4th edn, London : Butter-
worths Scientific Publications. 1If the journal
is not in this list, the name should be given
in full. The abbreviated journal title should
be underlined to indicate italic type and
followed by the volume number underlined
with a wavy line to indicate bold type, the
issue number in parentheses and then the
inclusive pages, When beoks are listed, the
order should be : author(s), year, book title,
volume number, edition, pagination/inclusive
pages, place of publication and publisher.
When sections of a book are listed the order
should be : author (s} of section, year, the
word fn followed by author of book, book
title, yolume number, edition, inclusive pages,
place of publication and publisher, The
series title of a book should be given in
parentheses after the publisher.
Examples :
Journal — AncGmoRr, J.E., Dicks, D. M,
Evans, W. C. & SanTRA, D.K.
(1972) Planta Med. 21(4) :
46-420.

Book -~ SCHOKMAN, D. (1966) Vegetable
growing : local and exotic
varieties, 29p. Colombo: Agri-
culture Department.

Section of

Book — Zitnak, A. (1973) In Chronic

cassaqva foxicity : proccedings
of an interdisciplinary workshop,
London, England, 29-30 January
1973, pp. 89-95. Ottawa:
International Development
Research Centre. (IDRC-00g).

Footnotes which are indispensable should be in-
dicated in the text by small superior figures and
listed on a separate page in the manuscript.
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