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Tha plant 'Ntuluta’' (Aristolochia petersiana

(]

v

o Zambia has btean usad In Zambizan

@
~+

kK:otz) native

;

foik~-lore medlcine as an abortifacient. Thls work
prosents the Physiolooica: and Chemical studias on
this piant. Praliminary cxperiments confirmed the
abortifacient activity of A petersiana klotz in both

pregnant white albino rats =znd timed pragnant Swiss

Y]

webster mice (ONR1). Tha plant was also shown to

amale white albino ra+s and

o
—

reguiete fertitity i

to stimulate isolatzd rat uterus. in subseguent work,

I

the piant was screened for hiofogically active

compounds. An unknown ninhydrin reactive materiai

5

suspected to be the active compound was dotacted
Aristoiochic acid was dotccted and charactzrisced for

the first time in this specics of the Aristolochiaccae.
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I'NTRODUCT I ON

In the past, the Importance of plant derived
medicines was often underestimated. Although plant
derived drugs like morphine and qulnine were known, most
drugs that have been used in mediclne are of synthetic
tfype. Research efforts in finding new drugs have mainly
involved synthesis of derivatives of the already existing

drugs.

Recent research activities In the field of natural
products have been directed at finding new blologically
active compounds of plant origin. |In the developing
countries, Interest In these research activitles has been
for economic reasons in terms of self reliance. The
Heal+h Minlstry in Zambia has recognised the Importance
of plant derlved mediclines by settling up an Association
of Traditional Herbalists, which Is aimed at Incorporating
indigenous mediclnas Into modern medical practice. The
importance of these research activities must therefore be

viewed from two closely related facts:

(a) In many parts of the worid there Is stl1ll a strong
patronage of traditiona! healers desplte the presence

of modern medical expertlse.



(b) Up to 1960, a study of clinically prescribed drugs
showed that over half of these drugs contain
compounds of natural origin (12). In 1967, a similar
analysis of |.05 x lO9 prescriptions dispensed in
community pharmacies showed that 25% of them contalned

one or more active princliples of plant origin (13).

fAimong a broad rangs of pharmacologlc activities
possessed by blolcgically active plant constituents are
the antineoplastic, antimalarial, Insecticlidal and
androgenic, estrogenic and related actlvities. Quite
recently the androgenic, estrogenic and related activities
have become a fertile area for immediate development. WIth
the current world population problem, there has becn a
rising need to provide oral contraceptives, which arc less
expensive and acceptable. The synthetlic oral contraceptlives
available now, although very effective have some sidec
effects (43b) and therefore have a bad reputation. It 1s
theought that most people especially In the rural areas
still prefer to use folk-lore antifertility agents (44).
However, 1+ is thought that a good proportion of women who
practice these folk-lors methods end up concelving. New
research in this fleld has been directed towards finding
oral contraceptives of direct plant orlglin and which are
based on folk-lore knowledge and practice. Such
contraceptives if incorporated with modern medicine may

be more acceptable and presumably less expensivs,



The World Health Organisation Is currently encouraqging
and financing work fn various Universities almed at isolating
fertility regulating compounds from plants. The problem
associated with thls work has been the choice of candidate
plants to be studied out of the hundreds of species
distributed all over the world. WHO has computerised data
(432) which investigators can use for selection of plants.
This avoids duplication on those plants which have already
been studied and whose active constlituents are already known.
Investigators select a plant whose priority rank is high

on the computer Ilst. A plant Is ranked high if:

(a) From indigenous medical practice its plant extract
most times affects the claimed physlological
activities; has a long history of human use so that
toxicity problems would he expected to be minimal;

and has 2 wide use geographically.

(b) Reports on in vitro bioassay studies suggest uterine
stimulant effect or some other activities which could

be correlated with the claimed effects of the plant.

(c) Piant extracts on in vivo studies reported to affect
the varlous phases of the reproductive cycle in
laboratory animals which relate to anovulatory,
abortifaclient, anti-implantation and embroyotoxic

effects.



Once a plant Is chosen for study, the claimed effects
are first justified. |Indigenous preparations are
duplicated and tested on animai systems according to the
WHO Task Force protocol (43a). Chemical analysis follow

where positive results are obtained In +he anima! tests.

Comprehernsive literature (7,12,13,26,34) extending
through 1973 is avallzable on plants which are known as
antifertility agents, abortifacients, ecbollcs, oxytoxics
and emmenagogues. Farnsworth et al (12) clted that of
these plants, a total of two hundred and twenty two specles
are known In folk-lore as contraceptives and/or inter-
ceptives and one hundred and forty five specles are reported
to have been screened for antifertility effcects in laboratory
animals or humans. Further, very few, Indeed active
antifertility princlples have been Isolated from +hem.

Only five active antlifertility principles from higher plants
are reported (12) to have been purified. These are
M-xylohydroquinone (2,6«dimefhylhydroqurnon), Lithospermic
acid, Coronaridine, Rutin and Rottlerin. Only three
antifertility agents have been reported (12) as
uncharacterised. Farnsworth et al (12) also cited that

five hundred and sixty five species of these planis are
known in folk-lore as abortifacients, ecbollcs or

emmenagogues. Of these species, two hundred and twenty
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five have been shownh to demonstrate stimulant response

when tested against uterine muscle e¢ither in vivo or

in vitro and active compounds have becen isolated from

one hundred and ninety 2ight species. O0f these isolated
compounds, one hundred and forty elght have been
characterised and twenty four are uncharacterised. However,
no literature has indicated that extracts of these piants
or the isolated active principles have been proved as
effective abortifacients. |In some plants, the active
principles have demonstrated toxiclty whan used in bioassays
at high dose levels or cytotoxicity, such that the
abortifacient activity has been explalned in terms of
toxicity or cytotoxlicity (12,i3). Thls has tended to liml+t
further research into these plants as fertillty regulators.
Some known bloassays, in which plants were studied for
fertility requlating activities and in some cases active
principles isolated, are those of Saha, Savin and
Kasinathan (34), Guerra and Andrade (20), Gran (16,17,18)
and Lipton (24). Saha, Savin and Kaslnathan (34) carried
out biocassays on seven Indian indigenous plants to
determine the oxytoxlc properties of axtracts from these

plants. Guerra and Andrade (20) showed that Gossypium

preghant rats. Gossypol, a cytotoxlc agent was isolated

from Gossyplum herbaceum L (20) and It was believed that




the acant was responsibie for the plant’s effect on the

repreoduction. CGran (17) iscl=ted serotonin and an

OR
)

exytoxic polypeptide from "Kaints-Kalata’ (Oldeniandi

affinic)  Lipton (24) also iscinted an oxytoxic giycosice,

albitocin from Alhizia aqummif.ra and ltater showad thet

the alyccside acts on the uterus of » varicty of specizs

in vivo and ir vitro.

i

Spocias of the Aristoiochinceas have bosen usad
and oroootibl used in fortiiity recoulation in Furocoe,
Amzric=, Asia and Africa (12 04, 37). However, very
littie resecarch has heen done on the fertitity reauinting
activitics of the Aristolochinccae. Only five or six
spaciss hove baan ringorously chemically studiad (14),

Un o 570, five compounds namely Aristolochic acid,

1.

Curine and Debilic acisd (14)

v

Magnofiorin, Aristoisctam, i

were ruported to have been isclinted in all the specics,

v

which were studied. 0Ff late oniy the sesquistarpens

reported by Pakrashi and Shohn (30) has shown to L2 active
in ferti ity reaui=stion. Ir +he Aristolochiacene bluozssays
have baon conductaed on onty throo species. Thass ars

those =F Pakrashi and Shaha (30) or Aristolochlia Tndica

=t 2l (2) on Aristoiochic acid isalated

from A Tancala Cham 2nd Saha, S-vin and Kasinathan (34)
vt} 12

on A bracteete Rotz., Therse kas however boen a gancra:

tandency to atftribute the fartiiity reaulating

activitics of the Aristolochiacaae to the



presenhce of Arlistolochic acid. 1+ is thought that
Aristolochic aclid due to Its cytotoxiclty may be
responsible for the fertility requlating activities of
this family. This has tended to Iimit further research
into the Arlstolochiaceae. However, the family has for »a
long time been usaed in folk~iore for fertility regulation
In humans. Cytotoxiclty effects from their extracts must
therefore be minimal. Furither, the work of Pakrashl and
Shahz (30) has revealed that othcr antifertility agents

may be present In the Aristolochiaceae.

In this work, Aristclochiea petersliana klotz

(Aristolochiaceae) was studied. To date, no studies on
this plant have been done. The scope of this work was to

detect and lIsolate Aristolochic acid in A petersiana klotz

and then test the remaining fractions for physiological
activities. |t was hoped that the assumption that
Aristolochic acid is the fertility requlating agent of
the Aristolochiacenae would be reversed, If the remaining

fractions were physliologically active.



CHAPTER 2
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Aristolochia petersiana kletz (Arlstolochiaceae)

was identlified and authenticated by the Royal Botanical
Gardens (Edinburgh). A specimen has been deposited with
the Herbarltum In the Department <f Blology of the
University of Zambia. Members of the Aristolochiacsae
mainfy occur In the tropical and warm temperate zones.
Most species are climbing shrubs, poisonous and bitter
tasting. Principal constituents of these species are
atkaloids, Aristolochic acid, phenolic esters and ethers
voijatile ofls and flavoncids. Aristolochlic acid, a
cytotoxic compound Is present in most species of the

genus Aristolochia that have been €tudied. The genus

Aristoiochla Is the principal genus and has 350 spegies

(40) of which thres are found in Zambla, distributad

mainfy in the Eastern, Southern and Western Provinces (10).

Studles on tha physiological properties of A

petersiana klotz were undertazken because of the folk-lore

reputation of the plant in Zambia as an abortlifacient -
hence its local name in Southern Province 'Ntululz' (37).
Eisewhere members of the Aristclochlaceae are used
medicinally and are reported to affect physliological
activity In a manner related to fertility regulation
(7,26,34), Pakrashi and Shaha (30) in a similar study have

isoiated an anti-Iimplantatic and interceptic sesquisterpene



from Aristolochia indica linn, a species used in

India to induce abortion.

In thls work, preliminary experiments confirmed

the folk-lore reputation of A petersiana klotz as an

abortifacient and in addition it was also shown that

the plant has fertillty regulating properties.
Physiological experliments were performed both in vivo

and in vitro. These results were conflrmed in experiments
conducted at Harvard Medical School following the WHO

Task Forcc protocol (433).

Traditional practice suggested that roots and

stems of A petersiana klotz are each capable of inducing

abortion. The folk~lore practice Is to soak either the
roots or the stems In warm water, ;lfhough most people

use mainly the roots. A cupful of the water extract is
then drunk and this is sufficient to¢ Induce abortion in

a pregnant woman.

The extracts used in these studies were made by
soaking ground or powderised roots and stems in water
for forty eight hours, with constant s+irring, filtering
the suspension to obtain & clear flltrate. White mature
albino rats were used as test anlmals In the initial
exploratory experiments and Swiss webster mlce (CD!) were

used in the conflirmatory experiments.



In vivo exploratory oxperiments

Two [n vivo experiments wore parformed:
Onc experiment tested the actlvity of A

peterslanz klotz as =an abortifacient and the

other experiment was to esteblish whather the

piant Is activae in fortiiity regulation.

In the first in vivo exb@rim@nf nregnant
white a2lblino rats wore adminlsterad both ora:iiy
and by Intraperitoneai injectlon with the agueous
piant extract. In both cases, the rats abortad
withlin few hours of administration of the
extract. The second in vivo experiment used
twelve male and twsive femaie mature white
albino rats. Thase were randomly selected 2and
pizced In caqges, in pairs of one female and one
male per cage. The paired rats waere arranged
in three aqroups A, B m»nd C of four pairs cach.
in group A the female rats were injected
intrapceritoneally evary =!ternate day with normel
saiine solutlon. In group B the female rats
received aqueous a2xtract of root and stem by

intraperitoneal injcction every altearnate day.

i
The male rats of group C raecelved » similar
+reatment to the female rats of group B. The

results of the experiment are tabulated in tabla

2.1.



Tab o 2.7 In vivo experiment to test the activity of /i

petersiana klotz in reguiating fertlllty in white

atbino rats.

Mating palr | Delivery Number of
Group Groug treatment ixQ + ix0 time young per
(days) iitter

f\ Q rats Injected § 29 &
intraperitonaally 2 -
with normal 3 28 7
saline on 4 29 9
alternate days

B Q@ rats Injected § NIL¥* NOME
intraperitonaally 2 NTL** NONE
with aqueous 3 N L** NONE
extract on
afternate days 4 N L** NONE
7

C ¢ rats injected ; 29 6
intraperitoneatly 2 30 7
with aqueous 3 27 5
extract on 4 28 6
alternate deys

* Q ret died on 19th day of exceriment

*¥*  oxperiment continued up to 60th day



In group A one¢ faemnle rat dled and the
remaining three rats doiivered on averaae e-ch
claht young per 'ittar, the averaae day of
dsiivery was the twenty ninth day. In qroup B

the female rats did not show any siqns of

@

conceptlon ovar a period of sixty days. In group
C the femals rats delivercd on mAveraga each six

young per litter and the average dey of deiivary

wAas the twenty ninth day,

In vivo confirmatory exsariments to the first in

vivo exploratory experiment

These were performed a2t the Harvard Madical
School using the proccdure which departed stiaghtly
from that recommanded by the WHO Task Force (43a).
Unoestrogenlisaed timed proonant Swiss webster mice
(CD1) were used instzad of rabblts. The mice were
obtained from Charitss River Laboratories, Boston,
Massachusettes. For these mice the gestation
period was said to be twenty one days and this
was longer than the norma! qgestation period for
mice (nineteen to twenty days (Schwartz, (35)),

In all! cases mice were kept for at least one day

prior to dosing in orcder to acclimatise them.



The first experiment used eight timed
pregnant mice each of average welght 37.1 g.
These were obtained on their fifteenth day of
preghancy and on the nineteenth day of pregnancy,
which was two days before expected parturition,
the mlce were each administered orally with less
than 0.3 cm3 aqueous solution. Thls dosage was
about 78 mg of dried plant extract per kg weight
of llve mice. Table 2.2 gives the results of the
experlmehf. Two mice died accidentally as a
result of the extract being administered into the
lungs and the remaining six mice dellivered live

foetuses In three to nine hours of administration

of aqueous extract.

The above experiment was repeated two further
+imes using mice in their fifteenth and fourteenth
days of pregnancy in order to Investigate whether
the plant Induces abortion in mlice In the middle
stage of pregnancy. These experiments also aimed
at establishing the gestation perlod on account of
the dlifferences in the gestation period quoted by

t+he Charles River Laboratorles and Schwartz.



Table 2.2 In vivo experiment to test the abortifacient activity of A petersiana klotz

using Swiss webster mice (CDI).

Welght of mouse Welght of mouse
when received on the at time of oral
Mouse 15th day of pregnancy adminlstration of Results and Comment
() aqueous 2xtract on the
19th day of pregnancy
(g)
a 36 54.5 Aborted within 25 hours of admlnlstration
b 36 50.0 Aborted within 8 hours of adminlstratlion
c 38 47.5 Aborted within 9 hours »f administration
d 38 55.5 Aborted wlthin 3 hours of admlnistration
e 37 47.5 Aborted within 3 hours of adminlstratlon
f 37 50.2 Aborted within 3 hours of admlnistratlon
o) 36 -* -
h 39 ¥ _¥

Mice administered orally with 0.3 cm’ aqueous extract, dosage being about 78 mg dried plant extract per
kg welght of 1lve mice.

* Mlce dled durlng administration of extract.



In the first experiment, seven timed pregnant
mice were obtalned in their thirteenth day of
pregnancy. On the fifteenth, slixteenth, seventeenth

and elghteenth days, three mlice (mlce a,b and ¢) were
each admlinistered orally with 0.3 cm'_5 of agqueous extract

and one mouce (mouse d) was administered with the same
vehicle of normal saline soluticn by the same route.
On the fifteenth day, one mouse (mouse e) was injected
intraperitoneally with 0.3 cm3 of the same aqueous
extract as the above and another mouse (mouse f)
received 0.3 cm3 normal sallne solution by the same
route. The seventh mouse (mouse g) was a control.
Dosage of 0.3 cm3 of aqueous extract corresponded to
62.55 mg of the dried plant matter per mouse or 1251 mg
of dried plant matter per kg body welght of live mice.
Table 2.3a glves the results of this experiment.

These results were inconclusive because only mouse

e whlch recelved the water extract by Intraperitcneal
injection aborted within twenty four hours of
administration of a2xtract. The remaining mice gave
the followling results: Mice a,b and ¢ losteach on
average 3.0 g In weight, mouse c dled on day nineteen

while mice a and b delivered dead young on day twenty.



.

T=ble 2.3a. In vivo experiment to test for abortifacient activity In agueous extract of A petersiana
klotz using Swiss webster mice (CDI) in their 15th day of pregnancy.
Weight of 1ive Waight of liva
mouse whan mouse at time of
Mouse reczived on the 2dministration of Treatment RPesult and Comment
13th day of a2quenus extract
preanancy ()
(o)
\ : g ; A
a 35.0 43,0 0.3 cm™ administered All three mice lost each on average
orally on the 15th, 16th {3.0g tn welght., Mlce 2 and b
b 35.0 21.0 17th and 18th days of deiivered dead young on the 20th day
pregnancy nt the same and mouse = died on the 19Th day M
c 38.0 46,0 hour .
3 . .
0.3 cm” saline solution
d 37.0 44,0 administered orally Delivered 10 ycung on day 20
on the 15th, 16th, 17th
and 18th days of
preanancy 3t the same
hour.
3%
0.3 cm™ administered by [{Aborted 9 foctuses withlin 24 hours of
e 37.5 4%.0 intraperttaneal injection |administration
0.3 oau salire solutinn Delivered 2 normal youna on day 20
f 35.0 40 administered by
intraperitone=zl
irjection N
a 35.4 44 .1 control, no dosage Defivered a normal young on day 20
¥ 0.3 cmo = 62.55 mg of dried plant extract



In the second experiment nine timed preanent
mice were obtalned in their twelveth day of pregnancy.
On the fourteenth day, five mice (mice a,b,c,d and e)
were each administered intraneritonaally with 0.3 cm3
(62.55 mg) aqueous dried plant extract, two mice
(mice f and q) were administered by the same route
with C.3 cmB (39.21 mq) freshly nrenarad agueous
dried plant extract and mouse h recefved normal
sallne sclution intraperitoneally., The nineth
mouse (mouse 1) was a control. Table 2.3b gives
the results of this experiment. Mlice h and i each
delivered a llve young on day twenty one, while
mice f and g aborted foetuses on the fourtecenth
day and died within few hours of abortion. Of the
mice a,b,c,d and =2, mouse a dlad durling administration
of extract, mice b and ¢ sborted and then died in
twenty four hours of Intraperiteoneal injection of
aqueous extract and mice d and e did not abort, but
looked sickly and died on the fifteenth day. The

gestatlon pertod for mice was found to be twenty

one days.
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klotz using Swiss webster mice

(CD!) in thelir 14th day

e

of nregnancy.

Weight of live Weight of live
mousa on the 12th| mouse at the time
Mouse day of pregnancy of administration Treatment Result and Comment
of aquenus extract
on the 14th day of
nregnancy
(g} (a)
*
a 37.0 39.3 0.3 cm° aqueous Mouse dled durtng adminlstration
extract administered - 0
b 34.5 35.1 by intraneritoneal Aborted foetus and dled In Z4 hours of
. injection ~admintstrattion
c 39.2 41.5 Aborted foetus, but slickly looklng in
24 hours of administration
d 38.6 40.2 Not aborted, sickly looklng and dled
on day |5
e 41.4 42.7 Not aborted, dled on day 15
‘ 0.3 > freshly Aborted 10 foetuses on day 14, died on
f 36.8 38,3 prepared aquecus day 15
extract admlinlstered
9 36.5 38.6 by intraperitoneal Aborted | foetus and dled on day 14
injection
0.3 nau saline solutlon
h 28.8 30.6 adminlstered by Delivered @ llve young on day 2I
intraperitoneal
injection
I 43.9 45.0 control, no dosage Delivered 8 llve young.on .day 21 .
* 0.3 oaw = 62.55 mg dried plant matter
*¥* 0,3 cm™ = 39,2} mq dried plant matter




Iin vitro experiment

The In vitro experiment to test the extracts

of A petersiana klotz for uterotonic actlivity were

conducted in the laboratories of the School of
Medicine at the Unlversity of Zambia. The procedure
folleowed in this experiment departed slightly from
that recommended by the WHO Task Force because
unsensitised uterine tubes were used Instead of
sensitised ones. Sensitisation of uterine tubes

was done as described in section 6.8. The tests on
uterine tubes used (0.1 - 0.5) ml, occasionaly 1.0 ml
aqueous extract of a mixture of minced leaf, rcocot and
stem and fractions of this extract separated on a
Sephadex G100 column in the Biology Department.
Rythmic uterine muscle contractures caused by the
extracts were measured as trace helghts on a kymograph
end these trace heights were compared with those due
to oxytocln used as a reference. The frace helghts
for oxytocin were always taken as 100%. Treatment of
uteril with each extract was done several times and
average values of maximum and minimum values were
recorded (table 2.4). Although the trace height for
a particular uterus is proportional to dosage,; the

maximum and minimum values varlied for each specimen
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Table 2.4 Uterine muscle response tc plant extracts of A

petersiana kiotz.
Fraction Number Percent
Number of

runs Average MaxImum Minimum

Oxytocin .
(reference) 14 100 100 -
NWPE 4 32 40 15
N2 4 41 46 33
N 5 39 95 7
N; 4 33 38 28
N,R 1 33 33 -¥*
N;R 4 38 60 14

* A single run was performed on fraction.

Notes on table

. NWPE is water extract of A petersiana klotz made by soxhlet

extracting 155 g of dried minced leaf, root and stem In

5 litres of distilled water and concentrating to 500 ml,

I m! NWPE = 16.9 g dry plant matter.

[aN)

2

Sephadex GIOO with distilled water as eluent.

fraction numbers 3 and <.

N_ is fractlon number 2 of NWPE extract fractlonated cn

N3 and N4 are

3. N,R and N,R are the same fractions as N2 and N4 respectively

but extracted at a much earlier aate.
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and thus the values recorded are not statistical.

The range may reflect differences in the physiological
conditions. The duration of uterine muscle activity
was in all cases one minute. A methanolic extract

of A petersiana klotz alsc produced similar activity

when tested on uterii.

Testing of Aristolochia petersiana klotz extracts

for major biologically active chemical groups

On the basis of the results from the physiological
experiments, It was decided to do a chemical test on

the extracts of A petersiana klotz. According to the

WHO Task Force protocol, a physiologlcally active plant
extract is fractionated with concurrent testing of the
extracts for actlvity on isolated rat uterus. In this
work the absence of a kymograph made It Impossible to
do thls, instead tha plant was chemically screened for
major blologically active groups likely to be responsibl

for the abortifacient and fertility regulating activitie

Literature survey has revealed that the greatest
majcrlty of natural products used medictnally are
alkaloldal 1n nature (11,12,433). Other chemically
active constituents of plants belong to two main

groups, namely, acids and peptldes.



Farnsworth et al (12) cited that of the two hundred
and twenty two species that have been shown to elicit
stimulant response against uterlne muscle cither in

vive or In vitro, active compounds have been isoleated

from one hundred and ninety eight specles. Of these
compcunds one hundred and forty eight have been
identified while the remaining are still unidentified.
One hundred and twenty two of the isolated compounds
are alkaloids. Apart from this information, it is
known that the most effective and widely used
contraceptives to date are steroids. These are of
synthetic type. It was from this background that

extracts of A petersiana klotz were tested for

sterolds, alkalolds, saponins, peptides and Aristolochic
acid mainly for a chemotaxonomic reason. Alkaloids

were tested for using the Dragendorff's rcagent
employing spot test analysis on paper. Phosphomolybdlc
acid and Mayer's reagent were also used fo precipitate
out the alkaloid bases. Sterolids and saponins were
tested for using the Libermann-Bouchard reagent for
colcour formation. Ninhydrin reaction for a amino aclds
and peptides with terminal a amino aclds was investligated
by spot testing on paper and by test tube spot testing.

Lastly the presence of Aristolochlic acid was investigated



~

by comparlng Ff values of an authentlc sampi~ of
aristolochic acid on thin-layer and paper
chromatograms. Datails of reagent compositions

~arc described in sacticon 6.72.

The results from these tests indicatad
that no isolatable amounts of alkaloids, steroids

and saponins were present in A petersiana kiotz.

The presence of ninhydrin reactive compounds was

however ravealed. Aristoliochic acid was a

w:ns

SO
detected and 1ts nresznce was later confirmed by

uitraviclet and infrarcd spectraoscopy.



CHAPTER 3




THE UNKNOWN NINHYDRIN REACTIVE MATERTAL

In an attempt to identify biclogically active

compound(s) from Aristolochia petersifana klotz, an

ethanol solution of the ‘residue’' (figure 6.1) of a
chioroform extract of drled and ground leaves of this
plant was applied as a spot on filter paper and tested
for a ninhydrin reaction with ninhydrin reagent. The
extract gave a positlve reaction with the reagent. The
iresidue' was then examined to find the constituents

responsible for the reaction,

The 'reslidue' dissolved in ethanol was applied on
Whatman No | chromatography paper. Two dimensional
descending paper chromatography was performed using as
development solvents, phencl-water In an atmosphere of ammonta
and butenol-acetlc acid-water. The spots were detected with
ninhydrin reagent. The chromatogram so obtalned was
compared against a standard chromatogram of known amino
acids. Aspartic and glutamic acids were found to be present
together with unknown compounds, which were designated as
| and UNKZ. UNK' appeared as a falrly intense and large

spot relative to all other spots on the chromatogram

UNK

(figure 3.1a). Thes pattern of appearence of UNKl on the
chromatogram and fts susceptibillity to acld hydrolysis

in 5M hydrochlorlic acld suggested that 1t may be 2 tow
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3.1a Two dimensional descending paper chromatogram of fthe 'residue' of a chloroform extract of leaves of A
petersiana klotz.

3.1b Two dimensional descending paper chromatogram of the digest of the 'residue' of a chloroform extract
of leaves of A petersiana klotz.

! Direction of first development in phenol-water (4:1, w/v) in the presence of the vapour of aqueous .ammonia
(S.G. 0.92) for approximately Ten hours.

I Direction of second development in butanol-acetic acid-water (90:10:29, v/v/v) for approximetely eioht hours.

Numbers in brackets are distances of (I,!1) in cm from the origin.



figure 3.lc

Two dimensional descending paper chromatogram of the digest of czx_

_

UNK,(29.2,9.0)

czxmA_o .2,5.2)
A*m_3+

czx (4.4,5.5)

(faint)
UNK, (2.1,6.0)

UNK, 5(1.5,3.5

—o | %
UNK, | (1.4,5.0) — \\q

*

eluted from a 'blank' chromatogram.

Direction of first development in phenol-water (4:l, w/v) in the presence of the vapour of aqueous ammonia
(S.G, 0.92) for approximately thirty eight hours.

Direction of second developrent in butanol-acetic acid-water (90:10:29,

Numbers in brackets are distances of (1,11)

UNK

is the unknown compound on figure 3.la

in cm from the origin.

v/v/v) for approximately fourteen hours.



molecular welght peptide. Further analyses of extracts

of rcot and stem of A petersiana klotz under the same

chromatcgraphic conditions also showed the presence of
t+he unknown compounds. Experiments to confirm the

presence of a2 peptlde In A petersliana klotz were conducted

and an attempt was also made to isolate the possible

peptide In pure form.

There are two reasons for interest in the study of
the ninhydrin reactlve material. Flrstly it appears to
occur in a falrly large quantity relative to other
fractions. Secondly and more important Is that previous
work (16,18) has shown that peptides are active in uterine
muscle stimulation. As an example, a uterocactive oxytoxic
polypeptide (17) was isolated from 'kalala - kalata’

(Oldenlandia affinis), a plant natlve to Zalre, which Is

used in the Kasal Province cof that country fto enhance
child birTH. Also the strong uterine muscle stimulant
oxytocin, a cycllic peptide is used in cases of difficult
delivery In child birth. Thus the possible presence of
a pepticde in the ninhydrin reactive fraction suggests
that it may be the actlve agent imparting fertillity

regqulating activities of A petersiana klotz,




Extractlon of the minhydrin reactive fraction

The ninhydrin reactive fraction was isolated
from the 'residue' of the chloroform fraction of

leaves of A petersiana klotz on a column of Silica

Gel (Kieselgel 60 grade, Merck). The 'residue’
dissolved In ethanol was loaded to the column.
Elution analysis was performed following a method
similar to that of Kupchan and Merlanos (23).
Chloroform, chloroform=ethanol mixtures and 95%
ethanol were used as eluents. The effluent fractions
were examined for reactivity with ninhydrin by spot

test analysis. Positive fractlons ware obtained when

a chloroform-ethanol mixture (1:1 v/v) and 95% ethanol
were used as eluents. Table 3.1 glves the results of
the fractionation. Fraction C and D were pooled
together and concentrated. The concentrate was

analysed by ftwo dimensional descending paper
chromatography. The chromatographic pattern obtained
was simllar to that obtained for the crude 'resicue’
on two dimensional descending paper chromatogram,
except for slight changes in position of the spots.
Aspartlc and glutamic acids were present together

with UNK, and UNKZ.
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Table 3.1 Fractionation of a 'residue' of minced lcaves of
Arlstolochia petersiana klotz on a column of Silica
Gel (Kieselgel 60 grade, Merck) .
Effluent
Solvent Fraction volume Comment
(litres)

Chloroform A 2 Green, ultraviolet spectrum
characteristic of chiorcphylls,
not reactive to ninhydrin reagent

Chlorcform/ B 3 Yellowish Green, not reactive to

Ethanol ninhydrin reagent

9:1

Chloroform/ C 2.5 Yellowish brown, reactive to

Ethanol ninhydrin reagent

]:1

Ethanol D 8 Yellow, reactive to ninhydrin
reaqgent

Methanoi E 2.25 Reddish brown, not reactive
to ninhydrin reagent .




A number of experiments were performed to conflrm
the presence of a peptide In the ninhydrin reactive
fraction. These experiments Included acid and enzyme
hydrolysls of the extracts as well as chemical tests

speciflic for a peptide bond.

(i) Acld hydrolysis

The crude ‘residue' and UNK' eluted from
a 'blank' (see experimental sectlion 6.41)
chromatogram were separately digested In a sealed
ampoule In 5M hydrochlorlc acld at 108°C for an
hour. The hydrolysate was evaporated to dryness
on a watch glass, the residue dissolved in | ml
distllled water, evaporated to dryness once more
to remove the excess acid and redissolved in
minimum water. The aqueous solution was applied
on Whatman No | chromatography paper and
chromatographic conditlions employed earlier were
used. Fligures 3.lb and 3.lc are chéoma+ograms
of the hydrolysate of the crude 'reslidue' and
UNK| respectlively. Comparlson of these
chromatograms against a chromatoqram of known
amino acids (38) and agalnst figure 3.la gave

the followling results:



On figure 3.1b UNK' and UNK2 dld not
appear. Instead there appeared flve new spots
labelled as UNKS, UNK4, UNKS, UNK6 and UNK7. |+

appeared that aspartic and glutamlc acids had
enhanced In intensity and could therefore be
some constltuent amino acids of the unknown
compounds. However aspartlc and glutamic aclds
were not detected on the chromatogram of the

digest of UNK, (figure 3.lc) - thus Indicating

!
that they were not constituent amino aclds of
UNK|. On flgure 3.1lc six new spots appeared
Instead of UNK'. A two dimenslional descending
paper chromatogram of unhydrolysed UNK' produced
two spots indlcating that UNK' also fragments
under neutral conditions. The second fragment
appeared like the same compound as UNK2 on flgures

3.1a and 3.lc. The posltion of UNK. on the

2
chromatograms indicated that 1+ may be tyrosine

or phenylalanine. However, comparlson of flgures
3.1 and 3.lc chromatograms with a two dimenslonal
descending paper chromatogram of tyrosine and

phenylalanine revealed that UNK. !s neither

2
tyrosine nor phenylalantne. That tyrostne 1is
absent Is supported by the fact that +he l-nltroso-
2-naphthol test, which 1s a test specific for

tfyrosine and its derlvatlves, was negative.



(i)

(iti)

The hydrolysis experiments described above
indicated that UNK‘ s unstable under acid

hydrolysis and therefore it may be a peptide.

Enzyme hydrnlysis

This experiment used the enzyme carboxy-
poptidase A, which cleaves In succession the
tarminal amino acids at the carboxy! end group
of peptides and proteins. An allquot of nin-
hydrin reactive materlal taken In 0.04M veronal
(dtethyl barbiturate) buffer at pH 7.45 was
treatsd with the enzyme. At tlme intervals of
flfteen minutcs during hydrolyslis, aiiquotes of
10 1% were withdrawn and examlined by thin-layer
chromatography. The results obtained were
inconclustva bacause 11+ was not known whether
the spots obtained on the chromatogram were a
result of hydrofysis of UNK, or from the
reslidual aminec acids In the carboxy-peptidase A.
This Is owlng to the fact that similar spots
were observed on the thin~layer chromatoaoram of

carboxy-pentidase A alone.

Papor electrophorasis

Paper sisctrephoresis was conducted on the

ninhydrin reactive materlial, the acid digest of



the ninhydrin reactive material and the
Aamino aclds: =sspartic acid, alutamic acid,
tyrosine and phenyialanine. The medium for
electrophorasis wes pyridine-qlycial acetic
Aacid-water (§0:2.4:90) buffer at pH 6.4
(sge fiaurs 3.2). The electrophoregram
showad that two of +he spots, one of which
must b= UAK’ in the crude "resldus® are

due to neutrai or basic compounds because
of thelr movement in the opposite dircction
to that of acidic glutemic and aspartic
acids, which had moved towards +he ancde .
The non-anpearence of aspartic and glutamic
acids in the crude ‘residue’ may be due to
their low concentration (sece the +wo
dimensional paper chromaztogram fiqure 3.1a).
They would howcver zppear stronger in the
digest 1f thuy were constituent amino n~cids
of UNK'. Tyrosine and phanylalanine did
not appear on theo clectrophoragram of +ne

digest and thuir presence on ths ajectro-

W

choregram of +hc crude ‘residue’ is

inconclusive.

* :

Chemlical tests specific for a peptide bond

The following chemical tests were

performed on +tha ninhydrin reactiv: material:



Crude | (1.2) 8 (2.5)
fraction

O 4.0) ASP ¢

GLU

C D) 5.4 ]

TYR
T O (1.5)

T ﬁHU (2.0)
{ ) (5.0) Digest 4 AHHV (1.6)

of crude
fraction

PHE

X

figure 3.2 Paper electrophoresis of pooled ninhydrin reactive fraction from leaves of A petersian:
rigurs -2-- Lpeterstans

klotz, the digest of this fraction and some amino acids In pyridine-acetic acid-water

(10:0.4:90) buffer at pH 6.4

Crude fraction = pooled ninhydrin reactive fraction,

X = start point.

. .

Numbers in brackets are distances from the start point In cm.



(a)

(b)

(c)

(d)

The Biuret test whlch requires 1-20 mg of
sampie (5) is a test which Is specific for
peptlides containing three and more amino acld

constltuents and for proteins.

The Folln-~Ciocalteau's *esf; which is
sensitive to as little as 5 ug of sample (5)
Is similar to the Biuret test, except that
It Is also sensitive to phenolic compounds

such as tyrosine.

The I-nltroso~2-naphthol test, which is a2
test for tyrosine and tyrosline derivatives
has a IImit of detection of about 1-2 ug

tyrosine (1,19b,42),

The chlorination tests: (1) the chlorinaticn-
heat and (ii) the chlorination-starch/icdlne.
These tests have senslitlivitles of the order

of I nug (33,39,42). The tests are sensitlve
to amide bonds of peptides and proteins. The
amlno aclds glutamic acld, phenylalanine
lystne, histidine, serine and proline react

to these tests as well.



The extract gave a negative reaction to
the Biuret test. A i7 (w/v) sample was used but
UNK' may have been present in small amounts to
be detectable by this test. The Folin~Ciocalteau's
test was however positive because it requires
lesser amounts of sample. The tyrosine test was
negative. This test was performed to ruie out

the presence of tyrosine and tyrosine derivatives,

which together with other phenolic compounds are
also sensitive to the Folin-Ciocalteau’s test.
It was however not possible by the tyrosine test
to rule out the presence of other phenoiic

compounds. The chiorination tests gave positive
reactions with both the ninhydrin reactive

fraction and sven i.JNKl on a two dimensional
chromatogram. These tests are also sensitive

(to the same sensitivity) to the amino acids
glutamic acid, phenyialanine, leucine, iysine,
histidine, serine and weakly sensitive to proline.
Henco, if any of these amino acids were present

in the extract, they could be responsibie for

the chlorination reactions. However, comparison
of a two dimensiona’ chromatogram of these amino
acids wlith the two dimensional chromatogram of

the crude 'residue' (figure 3.la) indicated that



UNK, Is not any cf the above mentloned amino

acids and therefore it may be 2 peptice.

3.3 Attempts to isolatse UNK'

The subsequent experiments were aimed at isclatling

UNK, In pure form from the nlnhydrin reactive material.

|
These experiments used column chromatography in whlch
the following resins were employed: Sephadex G25-80,
Silica Gel (Kieselgel 60 grade), Sephadex A25 and

Dowex |. Experiments on columns of Sephadex G25-80,
Sillca Gel and Sephadex A25 described in section 6.6(1)
- 6.6.(i11) were not able to isolate UNK'. However

the experiment performed on a small column of Dowex |

separated the acidic amino aclds aspartic and glutamlc

from the rest of the ninhydrin reactive material.

Column Chromatography on Dowex |

This experiment used the strongly basic anionic
exchanger Dowex | In the acetate form. On a column of
Dowex |, the amlino acids and peptides which are acidic
are separated from the basic and neutral ones by ion
exchange. Neutral and basic amino aclds (with the exceptlon
of tyrosine, tyrosine darivatives and aromatic compounds

if present) and basic and neutral peptides should pass



through the column or be eluted during washlings with
water. Weakly acldic and strongly acidic amlno acids
and peptides are exchanged on the resin and can only be

cetuted with acetic acid.

Ninhydrin reactive material was dissolved in 0.5M
acetic acid and applled to a column of Dowex | in the
acetate form. Effluent fractions of each 1.2 ml were
collected as soon as the sample solutlon was loaded to
the column. Acetic acid (0.5M) was used as an eluent.

One dimensional descending paper chromatography of the
effluent fractions against the ninhydrin reactive fractlion
and the amino aclds: aspartic acid, glutamlic acid,
phenylatantne and tyrosine was used to monitor the fractions
The cffluent fractlions were also examlined for the presence

of tyrosine using the I-nitroso-2-napthol reagent and for

the presence of amide bond(s) using the chlorination tests.
The cdetalls of the experimental procedure are given in

section 6.6(1v).

The results indlicated that UNKl Is a weakly acidlic
compound because it was eluted much earlier In fracticns
6 and 7 than glutamic acid (fractions 9-25) and aspartlc
acid (fractions 25-39). This result Is consistent with
t+he results of the electrophoresis experiment. UNK|
migrated to the cathode in o buffer of pH 6.4, Iin this



buffer, glutamic and aspartic acids which are acidic
migrated in the opposite direction. All fractions gave
negative reactlons to the |-nitroso-2-napthol test
indicating the absence of tyrosine and compounds containlng
tyrosine. Dowex resins are known to adsorb aromatic
compounds to a great extent suggesting that 1f tyrosine
was present, very small amounts would be eluted and small
amounts would be Insensitive tfo the l-nitroso-2-naphthol
test. Fractlons 6 and 7 and 18-25 gave positlve reactlions
to the chlorination tests. This was expected if fractlons
6 and 7 contained UNK| and fractions 18-25 contained

glutamic acid, UNK, had earlier been shown to be reactlve

|
to the chlorination tests and glutamic acld Is also

reactive to the tests.

At thls stage !t would have been of interest T? test
the whole ninhydrin reactive fractlon and perhaps fractlons
6 and 7 above for activity on a uterine muscle., Due to
lack of chemicals, sultable equipment and animal sources,

work on the isolation of UNKl has been held In abeyance.



CHAPTER 4




ARISTOLOCHIC ACID

Screening for Aristolochic acld In Aristolochia

petersiana klotz was bassd on chemotaxonomy as the

presence of Aristolochic acid generally characterises
the Aristolochiaceac. At least six specles among the
members of this famlly that have been studied contain
Aristolochic acld (3,7,8,22,23,41,43a). Of the six, flve

belong to +he genus Aristanlochia and one to the genus

Asarum. However apart from such chemotaxonomic information
the writer is not aware of any study that has shown the

presence of Aristolochlic acid in A netersiana klotz,

Aristolochlc acids have a phenanthrene chromophcre
(figure 4.1). The acids normally occur together with

other compounds possassing the phenanthrene chromophore (23).

figure 4.1 Aristolochic acid | X = H

>
f

Aristolochic acid 1}l OH



It Is not surprising therefore that Aristolochic aclds
exist in different natural forms through the type of
substituent X attached to the chromophore. In the
Aristolochlaceae the most commonly occuring Aristoiochic

acid is Arlstolochlic acid t.

Aristolochlc acid | exhibits varlous forms of
physiologlcal actlvities. Of these, repression of tumor
development, toxlcity and cytotoxlclity have been particularly
well studled. Arlstolochic acid | Isolated from A indica
linn has been shown to be effective agalnst +he
adecocarclinoma 755 In mice (22) just |llke the plant
itself is known to be effective agalnst tumor development.
Kupchan and Doskotch (23) attribute the antitumor activity

of A indica linn to Aristolochic acld.

Aristolochia speclies generally have a bitter taste

and are polsonous. Eeu, Keichsteln and Pothschild (9)
attribute this to the presence of Aristolochlc acid.
Experimental proof that Aristoiochic aclid Is toxlc and
cytotoxic Is derived from the work of Angeles et al (2). 4
Farnsworth et al (12) include Aristolochic actld among

the cytotoxic Isolates of piants. In the study carriled

out by Angeles et al (2), Aristolochic acid isolated from

A tangala cham was shown to bs toxic to varlous tissues



and internal organs of a wide range of animals and man.
It is further shown that 40 mg per kg body welght
Aristolochic actd Induced uterine contractures in the
cat. An unspeclifled dosas of Aristolochlic acld simifarily
caused uterine contractures in the guinea pig. The above
resuits seem to suaggest that Aristolochlc acld may be

the factor to which A petersiana klotz owes I+ts

abortifaclient and fertility regulating propertles.

4.1 Attempts to detect Aristolochlc acld

Experiments to show the presence of Aristolochlic

acid In A peterslana klotz were based on analyses

of extracts of minced leaves and minced roots and

stems by thin-layer, paper and column chromatography.

(i) Thin-layer chromatography

One dimensional separatlion of the
constituents of the extracts was performed on
thin~-fayer plates of Silica Gel G(Merck) using
acetonitrile-diethylamine-water (8:1:1) (8) In
an ascending sofvent * front system. In this
solvent, Aristolochic acid moves as a lime vellow
spot at R, 0.62, Such a snot was not observed

f

In this experiment due to traillng.



(i1) Paper chromatography

Consequent upon the fatlure of ascending
thin-layer chromatography to effect separation
of the chemical constituents of the extracts,
It was declded to employ descending papar
chromatography which offers the advantage of
relatively longer distance of movement of
solvent front and increased separation of spots.
Chromatograms were made on Whatman No 1
chromatogranhy paper previously buffered at
pH 9.2 with 0.05M carbonate~bicarbonate buffer.
Chromatoarams were developed In water-saturated
n-butanol (8). In this experiment no lime
yellow snot was observed at Re 0.62, at which
Arlstolochlc acid was expected to appear. Instead
a spot appeared at Rf 0.34 on chromatography of
both the acld/neutral fractlon and the ‘residue'’
fraction of minced leaves. Chromatography of
an ethancl extract of minced roect and stem produced
a spot at Rf 0.54, These results made identlflca-

tlon of Aristolochic acld uncertaln without the

ald of a "marker"™ of pure Arlstolochic acid.



(iii)

Column chromatography

Due to the inconcluslve results obtained
In the above attempts to Ildentify Aristoiochic
acid, It was decided to use adsorption
chromatography on columns of Kieselgel 60 grade
(Merck) using the elutlion analysis technique.
't was hoped that elution with various solvents

whilch differ in polarity would separate the

plant extracts into different chemical groups
according to thelr solubilities in these

solvents. Three experiments were performed on

three columns employing the chromatographic
procedure of Kupchan and Merianos (23). Effluent
fractions were examined for the presence of
Aristolochlc acid by ultraviolet spectroscopy

and thln-layer ascending front chromatography.
Acetonlitrile~diethylamine-water (8:{:1) was used

to develop thin-iayer chromatograms.

The 'residue'’ fractlon of minced {eaves
and the extract of minced root and stem were
fractionated under similar chromatographic
condlitlons (tables 3.1 and 4.2). The acid/neutral

fraction of minced leaves was also fractionated



Table 4.1 Fractlonatlion of an acid/neutral fractlon of minced
leaves of A petersiana klotz on a column of Silica

Gel (Kieselgel 60 grade, Merck).

Vel ume
Solvent Fraction effluent Comment
(litres)
Chlorcform A 3 Green, ultraviolet spectrum
simllar to a standard
spectrum of pheophytin b (28)
Chloroform B 4.5 Brown
Chloroform/
Methanol C Q.5 Green
9:1
Chloroform/ D ? Greentsh brown
Methanol
9:1




Table 4.2 Fractionation of an ethanol extract of root and
stem of A petersiana klctz on a column of Stlica

Gel (Kleselgel 60 grade, Merck).

Vol ume
Solvent Fractlon effluent Comment
(litres)
Chioroform A 2 Green, ultraviclet spectra
similar to those of
chlorophylls a and b (28)
Chloroform/
Ethanol B 2 Yel low
3:1
Chloroform/
Ethanol C 3 Yellow, reactive to
I:1 ' ninhydrin reagent
Ethanol D 12 . Yellow to colourless,
reactive to ninhydrin reagent




(table 4,1) under conditlons simllar to those
used above, except that chlorcform-methanol
mixtures were uscd as eluents where chlorcform-
ethanol mixtures had been employed. Results
from thin-layer chromatoarams of the effiuent
fractions on both cellulose MN 300 (Marchery,
Nagel and Co) and Silica Gel G(Merck) were
inconclusive due to incomplete separation and
trailing. Ultraviolet data revealed that the
chloroform effluent fractions of tables 3.} and
4.2 and all effluent fractlons of tabie 4.1
were characteristic of chlorophylls a and b and
d1d not Indicate that Aristolochlc acid was
present. The remaining effluent fractions of
tables 3.1 and 4.2 (fractlons B,C,D and E) cn
the basls of ulfraviolet data Indicated that

Aristolochlc was absent.

Detectlon of Arlstolochic acld

The use of pure Aristolochic acld | (Sigma),
which was donated by Professor Vandendriessche
(University of Ghent) made 1t possible to re-examine
the extracts. More experiments were performed on
the extract of minced roct and stem following the

procedures in section 4.1(i) and 4.1C1i).



The authentic sample was spotted along side the
extract on a thin-layer plate and also on Whatman

No | chromatography paper.

One dimenslonal descending paper chromatograms
were developed In water-saturated n-butancl.
Aristolochic acld "marker™ gave a lime yellow spot
at Rf 0.46, but the extract trailed. A portion

from the extract at arcund R, 0.46 was cut off and

£
washed in methanol. The ultraviolet spectrum of

the methanol washing gave two broad peaks around

220 nm and 248.8 nm. The absorbance at 220 nm wes
greater than that at 248.8 nm. The authentic sample

in methanol produced sharp peaks at 220 nm and 248.8 nm
with the absorbances in the reverse order. This

result revealed that a compound possessing a

chromophore simllar to that of the authentic sample

was present In the methanol washing,

To overcome the problem of trailing encountered
eariler on thin-layer chromatograms, trials were
first made In various solvents unt!l the solvent
acetonitrile-dlethy tamine-water (12:1:1) was found
to clve good and reproducible results. The authentlc
sample In this solvent gave a lime yellow spot at

Rf 0.64 and the extract gave.a similar spot, but at



R’c 0.59. The extract was then loaded on a
preperative thin-layer plate of Silica Gel and
developed in the same solvent. A llme yellow band

was produced around R, 0.59, scraped off, extracted

.il
in methanol and filtered. The filtrate was examined
for the presence of Aristolochic acld by ultraviolet
spectroscopy. Absorptions were observed at 223.2 nm

and at 249.4 nm similar to those observed for the

authentlc sample of Aristolochic aclid,

The root and stem fractions A,B and C of table
4.2 were also examined for the presence of Aristolochlic
acid by thin~-layer chromatography on Silica Gel with
the ald of pure Aristolochic acld used as a "marker."”
Fraction A which earlier had shown by ultraviolet
spectroscopy that It contained the chlorophylis,
now showed the presence of a lime yellow compound
also around Pf 0.59. It seems from thls result that
the chlorophylls, which have strong absorption
maxima In the same uitraviolet reqlon, obscured the
absorption due to the lime yellow compound. The
acid/neutral fractlion and the 'resldue' of minced
leaves also showed the presence of small amounts of
the lime yellow compound when chromatoqraphed with a

"marker" of pure Aristolochic acld.



Extractlon and purlfication of the lime yellow

compound from fractions A and B cof root and stem

(table 4.2)

Fractlons A and B of table 4.2 were pooled,
concentrated and asxtracted for the total acid
accerding to the scheme in figure 4.2, The total
acid was further partitioned into fractions AB‘

and ABZ.

Fraction AB, was loaded on preparatlive thin-

!
layer plates of Stlica Gel G6 (BDH), which were
developed by the ascending front technlgue in
acetonitrile-diethylamine-water (12:7:1). Visually
the chromatograms showed two bands (flgure 4.3a):-

2 lime yallow band, band a, which appeared at Rf 0.68
and a yellowish orange band, band 8, whlch appeared
at Rf 0.36. Under long wave (A = 365 nm) ultraviclet
light, other minor components (flgure 4.3b) were
evident. Band o appeared with two light blue
flourescent bands, bands vy and 5 above and below it.
Band 8 alsc appeared closely followed by two bands:-
band € (yellow) and band £ (blue). Bands o and B
were each scraped separately and extracted from the

gel with a chlioroform-ethanol mixture. The scivents

o
were removed by evaporation at 45°C under reduced



Concentrated fractions A and B

Treat with chloroform, shaklng

vlgorouslty.

l )

Residue. chlioroform solution, treat with
4% sodtum-blcarbonate shaking

vigorously.

~N ~
Blcarbonate Solution, Chloroform
solutlon,
R

(i) Acldlfy with 5% hydrochloric acld,
(ii)  Collect preclplitates,

(i1i) Extract actd from precipitate wlth chloroform,

Column chromatography
on STllca Gel-Cellte
545 (BDH) {(laboratory

reagent) ,

¥
Preparative thin-

layer chromatography
.on Sitica Gel G6 (BDH) .,

figure 4,2 Flow sheet for Isolation of the total aclds and
the Iime yellow compound of root and stem of A
petersiana klotz. Method Is simllar to that of
Kupchan and Doskotch (22).
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4.3a 4.3b

figures 4.3a and 4.3b:

Thin-layer chromatograms of ABl on Silica Gel G6(BDH) in

acetonitrile-diethylamine-water (12:7:1, v/v/v).

Figure 4.2a: plate observed visually.

Figure 4.3b: plate observed under ultraviolet light.

Bands a and B are the lime yellow and yellowish orange compounds

at Rf 0.68 and 0.36 respectively. Bands vy, 3, € and £ are very

mi nor components.

X = start point.



pressure using a Buchi rotary evaporator. Each
sample was drfed under vacumn. The lime yellow
compound from band o was present In a larger
propertion than the yellowish orange compound which
formed band B. The yellowlish orange compound was
isolated In such a small quantity that only its
ultraviolet spectrum was obtalned. After several
attempts to crystallise the lime yellow compound

in varlous solvents, dimethylformamide and water

was finally found to give good results.

Fractlon AB2 was applied to a column of Silice
Gel-Cellte (4:1 w/w). Elutlon wlth chloroform
resulted in the separation of two bands: A lime

yellow, band AB which emerged flrst, and a

2.1’

smaller yellowish orange band, band ABZ 2 Band

AB was eluted with chloroform and band AB was

2.1 2.2
eluted with 102 methanol in chloroform. Effluent
fractlions of each 100 mi were collected and these
were analysed by thin-layer chromatography. I+ was

found that band AB contained the llme yellow

2.1
compound (spot a flqure 4.4z) as the maln constituent.
A minor yellowish orange compound (spot B8) was alsc

present. Viewlng thin-iayer chromatoaorams of

fractlons containlng band AB2 | under ultraviolet
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4.4c 4.4d

fiqures 4.4a, 4.4b, 4.4c and 4.4d:

Thin-layer chromatogorams of effluent fractions of ABZ on Silica Gel
G6(BDH) in acetonitrile-diethylamine-water (12:7:1, v/v/v).

Figure 4.4a: chromatogram of fraction A82 | plate observed visually.

Figure 4.4b: same chromatogram as figure 4.4a, but plate observed
under ultraviolet light.

Figure 4.4c: chromatogram of fraction AB2 L plate observed visually.

Figure 4.4d: same chromatogram as figure 4.4c, but plate observed
under ultraviolet light.

Spots «,B,Y,9,€ and £ are the same compounds of figures 4.3a and
4.3b.

X = start point.



Ultraviolet data

The ultraviolet spectra of the lime yellow
compound obtalned in both methano! and water werc
typicai of a phenanthrene chromophore: absorptions at
220 nm and 251 nm. Table 4.3 gives ultraviolet data
for the authentlic sample of Aristolochlic acld 1, the
lime yellow compound and the yellowlish orange compound.
Ultraviciet data for the yellowish orange compound
suggests that i+ may be Aristoiochic acld It (Absorptions
at 220(e 29,800), 242(37,790), 252(37,800), 292(13,850)

and 325(11,300).  (23).

Infrared data

The Infrared data of the iime yellow compound as =
mull in nujol and hexachloro-l-3~butadiene were identical
with that of pure Aristolochic acld |. Table 4.4 gives
the infrared data for both the authentlc sample of
Aristolochic acid | and the lime yellow compound. Except
for a weak absorption obscrved at 3640 cm_' in the
authentic sample, the rest of the peaks were superimposable.
This absorptlion at 3640 cmm' Is due to the free carboxyl
OH stretching In the monomer. In the dimer 1t is bonded,

giving rise tfo a broad pa2ak between 3400 cmul and 2300 cm—'.

. N
The non-appearence of an abscrption around 3640 cm in



Table 4.3 Ultraviolet data

Compound Salvent A max (nm)
Aristolochic acid | water 220 249 308 385
methanol 220 250 311 385
lime yellow compound from | water 223 248 313 385
A petersiana klotz methanol 223 249 316 385
yellowish orange
compound from A methano! 225 240 256 308
petersiana klotz 386




Infrared data

Lime yeilow
compound from A

petersiana klotz
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of Aristoicchic acid

(cm ) (em )
3640 w¥ hH¥* OH free carboxyiic
1690 g¥** 1695 s C = 0 carboxy!
{600 s 1600 s C = C Aromatic
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s doublet ; s doubigt vaC—O~C aryi altky:
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the 1ime yellow compound may be dues to concentration
effects. The prescnce of a carboxyl moiety in the

iime yeliow comnouid Is to be expscted as the compound
was coxtracted wi™h sodium bicarbonate as 1ts sodium
sa.t. The prescice of a carboxyi group Is supported

by NMR data. A -1o0ad carboxyfic aclid proton was
identified at low field (§ = 9.6), This appeared to be
the oniy exchanaabdle proton when the NMR spectrum was
obtained in DZOﬁ This evidence is further supported

by the fact that the compound is irreducible by sodium
borohydride. However the compound is raducible with
dithionite (21) as might be expected when a2 nltro group
is present. This fatter evidence is supported by
absorptions in the Infrared region at 1530 cm—g and

1350 cm ' due to “he nltro group. Absorptions at 1275 cmﬁl

and 252 cm iniicated the prescnce of an aromatlc

alky{ C~C-C groun.

Mass spectrometric data

The mass speucirum (figure 4.%) 1s identicail with
that of Aristolocihic acid | (9), except for weak peaks
at m/z 355 and 371. The moiccular lon peak appears at
m/z 34!, The pe=: at m/z 355 and 371 may be attributed
to impurities evident on thin-tayer chromatograms of the
sampie. The impuritlies seem to péssess the phenanthrene

chromophtore |ike Aristolochic aclid. Ths peak at m/z 355
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figure 4.5. Mass spectrum®* of Aristolochic acid isolated from A petersiana klotz. Melting point:

deconposes between 233°C and 238°C.

* spectrum was obtained by Professor Dr. P. Hemmrich (University of Konstanzy, Ge rmary )



may be due to the yellowish orange compound, which on
the basis of ultraviolet data (table 4.3) may be
identified as Arlstolochic acid 11 (molecular mass 357).
This would explain the presence of a peak at m/z 309
which is absent in Aristolochic acid | (9). This peak
may be due to loss of N02(46 units) Tf the compound 1is
indeed Aristolochic acid Il. The paak at m/z 371 may

be due to the second Iimpurity, whlch mlght have a

contribution to m/z 325 also due to loss of NO, if The

2

compound s ancother form of Arlstolochic acld.

The above evidence from ultraviolet, iInfrared, mass
spectrometric and thin-layer chromatographic data
strongly indlcates that the lime yellow compound which
is the maln constltuent of the total acld extractable

from A petersiana klotz is Aristolochlc acld | (figure 4.1).

On the basls of ultraviolet data the yellowish orange compound

seems to be Aristolochlc acid 1.



CHAPTER 5




DI SCUSS | ON

Bloassay studies

In the preliminary and exploratory experliment
(sectton 2.1), the folk-lore reputatlion of A

petersiana klotz as an abortifaclent was verifled,.

The Wafer plant extract when adminlistered orally

or by intraperitoneai Injection to pregnant white
alblno rats caused abortion. |In another expioratory
experiment (table 2.!1), the watar extract was further
shown to possess an antifertlillty activity. Whlile
the female rats of group B which were injected
Intraperitoncally every alternate day with the

water extract did not concelve over a period of

sixty days: the female rats of both groups A and C
concelved. 1In group A, the female rats received
normal saline solution by intraperttoneal Injection
and I'n qroup C, the maie rats recelved a simitar
treatment to the female rats of group B. The
difference betwaen group B and aqroup C Is profound;
t+he water extract Is an antifertility agent In female
rats but not In male rats. The dlfference between
group A and group C is in the number of the young
dellverad per Vittor: the latter has two young less

than the former. This result may not bec statisticaliy



significant as the number of experimental animals

used was small.

in the In vitro experiment (sectton 2.3),
the water plant extract and fractlons of this
extract separated on a Sephadex GI00 column were
shown to stimulate uterine muscle. The extracts
when applled to Isolated rat utertl, caused rythmlc
muscle contractlons, which were comparable to
those of the hormone, oxytocin, a uterine muscle
stimulant when apnlied to rat utert!. All fractions
separated on Sephadex GI0OO column gave positive
activity (+able 2.4) Indlcating that they contalned
active material. This result could also mean that
separatlion on Sephadex was poor. |+ Is however
clear that the activity of (0.1-1.0) ml of the
extracts Is less than 0.002 - 0.005 units of

oxytocin.

The WHO Task Force protocol on Indlgenous
plants for fertility regulatlon was satisfied In
three In vivo experiments (sectlon 2.2). The

abortifaclent activity of A peterslana klotz was

conflirmed using unsensitised Swiss webster mlice
in two different terms of pregnancy: the middle

and late stages of pregnancy. In the first



experiment (table 2.2), the water extract ceaused
abert)on when orally admintistered to mice in their
nineteenth day of pregnancy. Thls was two days
before expected parturition and therefore a late
stage of pregnancy. In the second and third
experiments (tables 2.3a and 2.3b), the water extract
was administered to mice In the flfteenth and
fourteenth days of pregnancy. In both experiments,
only the mice which received the water extract by
intraperltoneal Injection aborted. These mice also
died soon after abortlon - sugqesting that the
extract Is toxlc. In table 2.3a2 three mice recelved
the water ex+rac+.orally over four consecutive

days, but they did not abort. Instead these mice
lost welght and eventually one mouse dled on day
nineteen, while the remaining two mlice delivered
dead young on day twenty. These latter results
following oral administration of extract to mice

are inconcluslive because of the followling speculatlons:

(i) Oral administration is difficult because the
plant 1s bitter. |+ is posslble that the mlce
did not abort because they received insufficlent
dosage. I+ Is to overcome this problem that
oral adminlstration of the water extract to

these mice was repeated over four successive days.



(ii) I+ Is probable that drug metabollsm took

place. However, drug metabolism may be

ruled out because in two sarller experiments,
the exploratory experiment (sectlon 2.1) and
the flrst conflirmatory experliment (section 2.2,
table 2.2), the water extract when administered

orally to pregnant mice and rats caused abortion.

(iTi) Lack of abortlon suggests a dlfferent mechanlsm

of action to have taken place In mice in
middle term of pregnancy. Even oxytocin Is
not effectlive in the flrst middle semester of

pregnancy In humans.

Related bloassays on other Aristolochliaceae
are those of Pakrashi and Shaha (30), Angeles et al
(2) a2nd Saha, Savin and Kasinathan, (34). Pakrashl
and Shaha In thelr studies on A Indlca linn
Isolated a sesqulisterpene, which possesses
inferceptive and abortifaclent activitlies. Angeles
et al (2) In similar studies showed that Aristolochlc
acid Isolated from A tangala cham Is actlve in
uterine stimulation in the cat and the qulnea plig.
Saha, Savlin and Kasinathan (34) carrled out bioassays
on A bracteata Retz. Although this nlant is

reported by Datta and Sastry (6) to stimulate



uteril of the rat and the gquinea plg, they found
that the plant possesses very little oxytoxic

properties.

The unknown ninhydrin reactlve compound

In chapter 3, a ninhydrin reactive materiat,

which contains an unknown ninhydrin reactive

compound was Isolated from A peterslana klotz.
The experiments to be discussed Iater tn this
sectlon suggested that this unknown compound may

be a2 peptide.

Inttlally two dimensional descending paper
chromatography of the ninhydrin reactlve material
revealed that one of the spots deslignated by UNK'
(figure 3.1a) may be a peptide. The spot was more
intense and larqer than any of the spots on the
chrematogram. Although enzyme hydrolysls using
carboxy-peptidase A (section 3.211), which Is a
test for peptides, was fnconcluslve and the Bluret
test (section 3.21v), which ts also a2 test for a
peptide bond, was not sensitlve enough, the following

tests Indicated that UNKI may be a2 peptlde:

(1 In sectlon 3.2i, extracts were acid digested

and the hydrolysate examined by two dimenslional



descending paper chromatography. A

portlion of the crude ninhydrin reactive
fractlon was digested In 5M hydrochloric
acid and the hydrolysate chromatographed
(flgure 3.1b). UNKI eluted from a "biank'
(see experimental sectlon 6.41) chromatogram
was also digested in 5M hydrochloric acid
and chromatographed (flgure 3.lc). On both
chromatograms, new spots appeared and these
spots were not on the two dImenslional paper
chromatogram of the crude ninhydrin reactlive
fraction (figure 3.1a). A fourth chromatogram

of the unhydrolysed UNK, eluted from a ‘blank’

|
chromatogram revealed that UNKl breaks down
Into two fragments even before hydrolysis.
The fragments were identifled as those

designated by UNK, and UNK, on figure 3.la.

! 2

(ii) UNK| on a chromatogram llke that of figure
3.1a was detectable by the chlorination
tests described in sectlon 3.2(tv). Although
the chlorination tests are senslitlive fto amlde
bonds of peptides and protelns, the amino aclds

glutamic acld, histidine, Leucine, Lysine,



phenylalanine, serline and prollne give
poslitive reactions to these tests as well.
However, a two dimensional descending parper
chromatogram of these amlino aclds when
compared with the two dimenslional chromatogram
of the crude 'reslidue! (flgure 3.la) indicated

that none of the amlno aclds g UNK!.

(irin) The ninhydrin reactive fractlon gave a
positive reaction to the Folin-Ciocalteau's
test (section 3.2 iv), which 1s a test for
peptides, proteins as well as phenolic
compouhds such as tyrosline and tyrosine
derlvatives. The presence of tyrosine and
I+s derivatives was however ruled out by
the negative reaction glven between the
ninhydrin reactive fractlon and the l-nitroso
2-naphthol reagent, which Is specific for
tyrosline and its derlvatives. It was however
not posslible to rule out the presence of

other phenolic compounds.

On the basis of the results dlscussed above,
the unknown compound may be a peptide. Paper
clectrophoresis (section 3.2 111) and column
chromatography on Dowex 1| (sectlon 3.3 iv)

suggested that UNK, is weakly acldlic. The
!



chromatogram of the digest of UNK| (flgure 3.lc)
indicated that the unknown compound may be a

peptlde of at least six constltuent amino aclds.

Aristolochic acid

0f the species of the principal genera

Aristolochla and Asarum that have been examined,

a2t least seven Including A peterslana klotz

contaln Arlstolochic acid, a cytotoxlic compound.
There Is a controversy over the factor responsible
for the abortifacient activity of these species.

I+ Is thought that Aristolochlc acld owing tc

its cytotoxlclty may be the agent Inducing
abortlon. Angeles et al (2) In thelr study of

the toxiclty of Aristolochic aclid In a number of
systems showed that the acld caused marked toxlclty
mostly on the kidney, spleen, llver, lungs and
hematopoletic systems. Marked uterine contractures
were also observed in the cat when treated with

40 mg of Aristolochic acld per kg body weight.
Similar uterline contractures were observed in the
gulnea plg when treated wlith an unspecifled amcunt
of Aristolochic acid. It Is reallstic to say

that a uterine muscle stimulant may also induce

abortion. Angeles et al (2) also clited that



Aristolochlc acld 1s a violent abortlive. However,
t+he deductlon that Aristolochic acld may be the

abortifaclient In A petersiana klotz Is complicated

by the fact that biocassays were carrled out with
crude extracts, which contalin several other
constituents and only a small amount of Aristolochlc
acid. Thls supposition Is justifled by the fact
that the ylelds of pure Arlstolochic acid from

the Aristolochiaceae specles Including A petersliana

klotz do not exceed 800 mg per kg weight of dried
plant matter. Furthermore the exlstling evidence
that an abortifacient and Interceptive sesquister-
pene was Isolated from A Indlca linn (30), a
specles which also contains Aristolochic acid
suggests that other active compounds may be present

in A petersiana klotz. The scope of Isolating

Aristolochic acid in A petersiana klotz was to

remove it completely so that the remalning
fractions could he tested for physiological
activlitles. Negative results would Indicate
that Aristolochic acid 1s the active agent in A

petersiana klotz.




CHAPTER 6



EXPERIMENTAL

General methods and materials

All chemicals and solvents used In the
experiments were of analytical reagent grade except
where specifled. The general purnose reagent
solvents were distilled prior to use. Used
chloroform, methanol and ethanol were reused after
distlllatlon. Used chioroform-methanol and chloroform-
ethanol mixtures were separated by fractional
distillation. The chloroform fractlon was then
purifled as recommended by Rydon and Smith (33)

and the methanol and ethanol fracttons were redistilled.

All solvent evaporations were carrled out
under reduced pressure usling a rotary evaporator
(Bilch! Rota Vapor R). Infrared spectra were obtalned
at room temperature on Perkin Elmer 197 and 297
spectrophotometers. Ultraviclet spectra were obtalned
on a Pye-Unlcam SP 800 spectrophotometer. Melting
points were determlned in a mineral oll bath and

were uncorrected.

The followlng chromatographic technlques were
employed: column, ascendling thin-layer, descending
paper and electrophoresis. Extracts were examined

on Whatman No | chromatography paper and on thin-layers



of Silica Gel G(Merck), Silica Gel G6(BDH) and
Ceilulose MN 300 (Machercecy, Nagel and Col). The

following solvent systems were used for development:

A, n-Butanol-acetic acid-water (90:10:29, v/v/v)
(36): The solvent was used immediately after

preparation.

B. Phenol-water (4:1, w/v) In an atmosphere of
ammonia (S.G. 0.92) (38): The solvent, which
keeps Indeflinitely at room temperature was made
by addlng 250 ml of distliled H20 to | kg of
phenol and the mixture warmed sllightly on a

water bath until =211 the phencl had dissolved.

C. Water-saturated n-butanol (8): An equal
volume of n-butanol and distilled HZO were
shaken in a separatory funnel, allowed to
settle for sometime and the excess HZO removed .

This solvent was used immedlately aftcr

preparation.
D. Acetonitrile-diethylamine-water (12:7:1, v/v/v).

E. Acetonitrite-dicthylamine-water (8:1:1, v/v/v) (8).
The acetonitrlile and diethylamine were '

distlllted before use. The solvents made from



these reagents were used soon after

nreparation.

Detectlion of spots on thin-layer and paper

was by visual observation, observation under

ultraviolet l1ght and by stalining with spray

or dip reagents.

6.2 Cclour reactlons

(a) Alkaloids

(i)

(i)

Dragendorff’s reagent (29): Solution (2),

850 mgq BI(N03)3,5H20 In 40 ml HZO + 10 ml

HoAc. Solution (b), 8 K! In 20 ml HZO'
Solutlon (a) and (b) were mixed fto make
the stock solution. Spray reaqent was
preparcd by mixing 10 ml of the stock
solutton with 20 ml HoAc and making up
the volume to 100 ml with distilled HZO'

Alkaloids gave red or orange spots.

Mayer's reagent (29): Solutlion (a) 1.36g

HgCl, dissolved In 60 ml distilled HZO'

Sotutton (b), 5.00aq K! dissolved in 10 ml

distilled HZO'



(r1i)

The test solution was prepared by

mixing solution (a) and (b) and ditutinc
to 100 ml with distitled HZO' The reagent
was added to the solution being tested for

acidified with HC! or H7SOA. Alkaloids

gave yellow preciplitates.

Phosphomolybdic acid (29): A solution of

ammonlum molybdate was completely
preclpitated at 40°C with a solution of
NaHFO,. The yellow precipltate was washed,
suspended in water and warmed wl+th =
concentrated solution of Na2003 untii
completely dissolved. The solutlon was
evaporated to dryness and the residue
lgnited to drive off all ammonia. If

reduction (blue colnur) took place, resldue

was molstened with nitric acld and again

Igntted. The test solutlons were prepared
by dissolving the residue In hot water with

addition of nitric actid unt!l the solution

was strongly acidlc. 10 parts of solution
were prepared from | part of residue. Most
alkalolds gave yellow precipitates. Easlly

oxldisable aikaleoids reduce molybdic acid
to molyhdic oxide resulting in a bius

colouration,



(b)

(c)

Sterolds and Saponins

Lleberman-Burchard reagent (Acetic

anhydride-sulphuric acid (19:1, v/v)) (1)
Used as a snray or dip reagent. Steroidal
saponins gave blue or green colours whlle
triterpenold saponins qlve red, plnk or purple
colours. Colour formation is due to reducticn
at a carbon-carbon double bond present in the

compound .,

Amino aclds and peptides

(1) Ninhydrln reagent (0.2%, w/v ninhydrin In

959 v/v acetone In water): The solution

which keeps indeflinitely under refrigeration

was used as a spray or dip reagent and for

micro spot tests. o amino aclds and peptlides

with terminol o amlno acids nave purple
to blue colours. Proline and unsaturated
amlino aclds give yellow or green coloured
spots. Reaction Is at the slite of the

amino group.

(1) Bluret reagent (0.1% CuSO,.5H,0 In 0.1% NaOH)

2

(15): Used as a test tube spot test reagent,

purple complexes formed between the copper

In the reagent and amlde bonds of peptides.



(111) Folin=-Clocaiteau’s reagent (25);:

Solutlon (a), 2¢% NaHCO3 In O.IM NaOH.,
Solutlon (b), 2% sodlum potasslium tartrate.
Solution (c), 1% Cus0,.5H,0. The test
reagent was prepared by mixina | mil of each
of solution (b) and (c) with 100 m! of
solutlion (a). An allguot of peptide

solutton (containing about 100 mg/ml) wes
mixed with 10 ml of test reagent and left

to stand at room temperature for 10 minutes.
To the mixture was added 0.5 ml diluted (1:1,v/v)
Folitn=Clocalteau's reagent (Hopkin and
Wiliiams). Peptides formed purpie complexes.
The phosphomoiybdate and phosphotungstate

In the Folin-Clocalteau's reagent can also

be reduced by phenclic compounds such as

tyrosine to give purple colouration.

(iv) Chlorination tests

(2) Chiorination - Starch/lodine ftest (39,42):

Spots on filter paper were chliorinated
wlth chiorine aas at the amide bond
followed by treatment with a soluticn of

17 starch/1% potassium fodlde (l:l, v/v).



(v)

A blue complex of jodine - starch was
produced. Some amlno aclds like glutamlc
acld, phenylalanline, leucline, lysine,
hlstidine and nroline glve positive

results with thls test.

(b) Chlerination - heat test (33): Spots

on fllter paper were heated at temperature
above 200°C followlng chlorination with
chlorine gas. A brownlng spot indicated
the presence of an amlde bond. This
reaction is also pos!tive for glutamlic
acid, phenylaianine leucine, histidine,

lysine and proltlne.

|-NTtroso-2-naphthel resagent (0.1% |~nitroso-

2-naphthol in acetone, w/v) (1,19b,42):
Spots on filter paper were snrayed with

the reagent, drled resprayed with freshly
prepared 10% nitric acld and flnally heated
for 3 minutes at 100°C. A rosepink coloura-
tion was obtained when spots contained

tyrosine or tyrosine contalnling compounds.



s

Fractionatlion of crude extracts

A peterslana klotz was collected from Maamba

in the Southern Province between February and April.
Crude extracts were obtained from ground leaves,
rocots and stems and separated into fractions as

shown in the schemes in fiqures 6.1 and 6.2,

Fractionation of the ninhydrin reactive constituents

Silica Gel (Kleselgel! 60 grade, Merck) was
activated by heatlng at 150 - 200°C for one hour
and cooled 1'n a desiccator. It was suspended in
chloroform and used to pack a column, 45 x 5 cm.
Fractlon P4 (5.28q) was taken Tn minimum ethanol
and loaded to the column. Elution was initially
performed In chloroform followed by successive
gradients of chloroform=ethanol mixtures (10%, 50¢%
and 90% ethanol in chloroform) and finally 959%
ethanol. Effluent fractions of each 250 ml were
collected. Samples of 50 u? were wlthdrawn from
each fractlon and tested as spots on fllter paper
for the ninhydrin reacticon. Ninhydrin reactive
fractlons were combined (total volume 10.52), and
concentrated to !l mil on a rotary evaporator under

reduced pressure at a temperature below 45°¢C.,



Minced leaves (975q)

Shake for 48 hours In 62 70% methancol

and concentrate.

l l

R', brown syrup (methanol scluble

methanol

matter)
shake In 68 petroleum
ether (b.pt., 40-60°C)
for 48 hours.
Resldus (Rz) Ether solution
(tipids etc.)

shake in 20 of

chioroform for

48 hours.

&
Chloroform salutlon Y Ras1due’ R, (193.3g)

concentrate, R (Actd/neutral

fractlon)

Figure 6.1: Flow chart for extraction of mlnced leaves of

A peterelana klotz.
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Minced roct and stem (1.35 kg)

shakae for 48 hours in 82 petroleum

ether (b.pt., 40-60°C)

L l
Resldue Ether solution
(I1plds atc.)
() Shake in 9% 707 methanol for 48 hours.
(11)  Shake resldue In 2 95% athanol for 48 hours.

(111) Concentrate methanol and ethanol solfution and

combine.

Residue P,S, yellowlsh brown syrup

(A1l methanol + ethanol scluble matter)

Figure 6.2: Flow chart for extractlon of ground root and stem

of A petersiana klotz.



Acld hydrolysts of UNKl

An ethanol sotution (2 ml) of R4 was
evaporated to dryness on a wateh qglass at
temperature below 100°C. The residue was
dissolved In 2 ml of 5M HCl and dlgested In a
sealed ampoule at 108° for one hour. The
hydrolysate was evaporated to dryness on a
watch qlass, redissclved In 2 ml distilled
water and evapnrated to dryness once more.

The resldue was finally dissolved I'n minimum
water and used to prepare two dimensional
chromatograms on Whatman No | chromatography
paper. Chromatograms were developed in phencl-
water In the presence of the vapor ammonia
(5.6, 0.92) (solvent |) and In butanol-acetic
acld-water (solvent 2). The ninhydrin reagent
was used to detect ninhydrln reactive spots.
Several two dimensional chromatograms of R4
dissolved In ethancl were made on Whatman No 3
chromatography paper and developed In the same
solvents as used above. One of the chromatograms
was stalned with ninhydrin reagent and the

remaining chromatograms were designated as ‘blank'.



(1)

The stalned chromatogram was put over the

"blank' chromatograms and the area corresponding
to the spot for UNK' on the 'blank' chromatograms
was cut off and washed with distlilled water.

The aqueous solution was concentrated to | ml

on a rotary evaporator under reduced pressure

at temperature below 459C. A few u2 of sample
was withdrawn and used to prepare two dimensional
chromatograms on Whatman No | chromatography
paper. The remaining sample was transfered to

a sealed ampoule and digested In 5M HCI at

108°C for one hour. The dlgest was used to
prepare two dimensional chromatoqrams, which

were developed under simllar chromatographic
condltions as the above. Slimilar two dimensiocnal
chromatograms of the known amino aclds: glycline,
serine, alanine, tyrosine, phenylalanine, leuclne,

valine and glutamic acld were made for comparison,

Enzyme hydrolysis

To a ml (5mg) alliquot of ninhydrin reactive
materlal In a test tube was added | ml 0.04M
veronal (dlethylbarbiturate) buffer at pH 7.45

(19a). The mixture was Incubated at 37O in a



C(iii)

water :bath. 10 u carboxy-peptldase A (Sigma)
was plpetted and dituted to 2 ml wl+h distilled
water. Sneclfic activity of the carboxy-
peptidase A was 4| units/mg, concentration

20 mg/ml. 5 p2 from the Incubated sample
mixture and 2 ul from the diluted enzyme were
withdrawn and spotted on a Sllica Gel plate

as reference. To the sample mixture incubated
at 37°C was added | ml of the dlluted carboxy~-
peptidase A and incubatlon continued for one
hour. Burlng this time, 10 u% allquotes were
withdrawn at !5 minute Intervals and spotted
side by side with the referance on the plate.
The plate was developed In the ascending scolvent
technique tn phenol-water In an atmosphere of
ammonia. Sponts on the plate were detected with

ninhydrin reagent.

Paper electrophoresis

A 20 x 18 ¢cm strip of Whatman No |
chromatoaranhy paper was Impregnated with
pyridine-acetic acid-water (10:0.4:90, v/v/v)
buffer at nH 6.4 (42). Extracts were anpplied

across the middle of the lonqer side of the



paper alongside “maker®™ amino aclds: glutamlc
acid, aspartic acid, phenylalanine and tyrosline.
Electrophoresis was performed on a glass block
support for half an hour, in the cold room ot
4OC, at 250 volts and a current of 60 amperes.

The ninhydrin reaction was used to detect spots.

6.5 Attempts to Isolate UNK, by column chromatography

(i) Fractlonatlion on Silica Gel

Il ml of the ninhydrin reactlive fraction
was loaded to a column (74 x 2.6 cm) of Silica
Gel. Elution was started with a mixture of 509
ethanol In chioroform followed by 95% ethanol .
Efftuent fractions of 16 ml were collected =2t 2
rate of 50 ml/hour. Test samples of 50 ufl were
pipetted from each effluent fraction and examined
as spots on filtter paper for the ninhydrin
reaction. The fractions were further analysed
by one dimenslional descending paper chromatoqraphy
uslng butanol-acetic acid-water and by two
dimensional descending paper chromatography
using phenol-water in 2n atmosphere of ammonla

and butanoi-acetic acld-watar. In both cases




the chromatoqgraphic patterns obtalned were
simllar to those of R4 on two dlmensional and
one dimenslonal descendina paper chromatograms.
This Indlicated that the eluted fractions were

the same and the ninhydrin reactlve material

was unresolved.

(1i) Fractlonatlon on Sephadex G 25-80

Sephadex G 25-80 (Slgma) was prepared
according to Mlikes (27) and packed to a 50 m)
burette (22 x 1.5 cm). A portlon of the
ntnhydrin reacttve fraction In t ml distilled
water was loaded to the column. Effluent
fractlons of 10 ml, which were eluted with
distilled water were collected and concentrated
to about 0.5 ml on a water bath. 50 uf aliquotes
were withdrawn and spotted on thin-layer plates
of cellulose MN 300 and Sllica Gel G(Merck).

The nlates were developed !'n one dlmension In

the ascendling solvent technlique In butano!-

acetlc acld-water, dried and sprayed with the
ninhydrin reaaent. The results obtalned indlicated
that separation had not been achleved because

all fractions were the same.



(iii)

Fractlonatlion on DEAE Senhadex A25

DEAE Senhadex A25-120 (weakly basic
anlonic exchanqer, (Sigma)) In the chloride
form was prepared as recommendsd by Mikes (27)
and converted to the acetate form by washing
wlith 0.5M acetic acid. The resin was then
packed to a 32 x | cm column in 0.1M collidine
(2,4,6-trimethyl pyridine, (BDH))- acetate
buffer at pH 8.55. The ninhydrin reactive
material (2.35q) was dissolved In 2 m! of the
collidine buffer and adjusted to pH 8.55 with
ammonia. Elution was started wl+h the same
buffer followed by Increasling amounts of 0,IM
acefic acld. Effluent fractlons of 2 mi were
collected at a rate of 30 ml/hour. After
fraction 46, IM acetic acld was used +to
establlsh another pH gradient. Samples of
50 ut were withdrawn frem each effluent fraction
and tested as spots on filter nanrer for the
ninhydrin reaction. All fractions qave positlve
reacttons. One dimenslional descending paper
chromatography of these fractlons In the
solvent butanol-acetic acid-water rcvealed +hat
separation had not been achleved because the same

pattern was obtained for all effluent fractions.



(iv)

Fractionation on Dowex |

Dowex | x 8-100 (strongly baslc anlonic
exchanger, (Sigma)) in the chloride form was
converted to the acetate form by washing with
3M sodium acetate solutton (4) until the
filtrate was chloride free. The anhydrous
soedlum acetate (BDH) (laboratory reagent) was
purified prior to use by recrystalllisation from
aqueous ethanol. The resin was finally washed
with 0.5M acetic acld and noured Into a 32 x 0.5
cm column. After the column was washed with
water to get rid of excess acetlc acid, the
nlnhydrin reactivse matertal (90 mq), dissolved
fn 2 ml 0.5M acetic acid, was loaded tc the
column. 0.5M acetic acld was used for elution.
Effluent fractlions of 1.2 m! were collected at
a rate of 6-7 ml/hour. 39 fractlons were
collected in all. Samples of 50 UL were pipetted
from each fraction and tested as spots on filter
paner with the ninhydrin reagent. Further 200 ug
portlons were nlipetted from each fraction for
application on Whatman No } chromatography
paper. Aspartic acid, qlutamlc acld, tyrosine

and phenylalanine were also spotted together



wlith the effluent fractions as "markers' .
Chrematograms were developed In one dimension
by the descending solvent technlgque. Fracticns
I-4 were blank; fractions 5-8 contained the

unstable compound, UNK fractions 9-25

| ;
contalned alutamic acid; 26-29 contained
aspartic acld. Only fracticon 6 and 7 and

18-~25 gave positive reactions +o the chlorination
tests Indicating the presence of amlde bond.

Lack of enough of fractlons 6 and 7 made it
I'moossible +o do further confirmatory experiments.
An attemnt to fractionate the ninhydrin reacttve

fractior on a larger column nf Dowex | was

unsuccessful .

6.6 Isolation of the total acld:

Fracticn R’S (29.71g) of the extract of root
and stem (fiqure 6.2) in & separatory funnel was
treated with 1.5% of chioroform and shaken
vigorously. The suspension was filtered to obtain
a clear chloroform solution, which was treated with
4% NaHCO3 solution. The chloroform and bicarbonate
layers were separated, the chloroform recyclied to

extract some more acids and the wine red bicarbonate



layer acldified with 59 HCI +o yield a yeliow
precipitate. Extraction wi+th NaHCO3 was completed
when no further nrecipitation resulted unon
acidification of the bicarbonate extract. A

total of 1% NaHCO, was used. The preciplitate was

3
filtered aver a buchner funnel and dried in 2
dessicator, under reducecd pressure. The yield of

total acid was 219 mqg,

Isolation of Aristolochic acld

(i) Prenarative thin-iayer chromatography:

Silica Gel 66 was spread on thin-layer plates

to a thickness of 0.75 mm. The total acid

taken In chloroform was anplied to the plates

as a streak (anproximately 2.8 mqg/ml was applled
to each plate). Thin-layer chromatograms were
developed in acefonifrile«diefhy!amine—wafer
(12:7:1). After development, two bands were
visually observed, with Aristolochic acid |
forming a lime yeliow band at Rf around 0,68,

A second band, yellowlsh orange In colour formed
at R, around 0.36. The +wo major bands were

f

scraned off separately and the compounds



extracted from thc gel with chloroform-ethanol
mlxtures. Aristoiochic acld | was crystaliised
from dimethyformamide-water and washed wlth
chilled dlstiiied water. The compound decomposed
between 230°C and 238°C within +he decompos!+1ion
range of the authentlc sample of Aristolochlc

acld (238-240)°C,

(ii) Fractlonation on Silica Gel-Celite

759 Stllca Gel=Celite (4:1) was packed into a
column, 19 x 2.8 cm in chloroform. Tho total
acid (140 mq) in minlmum methano! was l!oaded
to the column. Etution was started wl+h
chloroform and the column was resolved into
two bands: a lime yellow band at +the bottom,
the largest, and a yellowish oranaqe band at
the top. Effluent fractlons of 100 ml were
collected and monitored both by ultravioiet
spectroscopy and by thin-layer chromatography

on Stlica Gel G6. Development of thin-{ayer

st}

plates was In acetonitrile-diethylamine-water
(12:7:1). The iime yellow band was eluted wlth
chloroform (1.52) and the yellowlsh orange band

with 109 methanol in chloroform (17%)Y, The




ultraviolet snectra of the middle chloroform
effluent fractions (fractions 4-9) were similar
to that of nure Aristolochic acid dissolvad in
methanol, absorptions at 223 nm and 249 nm.
Thin-iayer chromatography of these fractions
revealed that the yzlilowish oranqge component
was also nresent in very minute guantities.

The yallowish nrange component increased in

amount in the successive fractlons 10-22.

Bioeassay studies

These were nreliminary studies on A petersiana

klotz and were performed by Professor Siamwiza (37).
The studies comprisad of in vivo experiments for
tusting the abortifacient and fertitity regulating
activities and in vitrc experiment for testing the
physioloaical activity on isclated rat uterus. The
detalled experimentat procedures of the in vive

experiments areqlven in sections 2.1 and 2.2.

In vitro experiment for testina for uterotonic activlity

Leaves, roots and stems of A petersiana klotz

wzre driad at room temperature and ground. Water

extracts wer> made by soxhlet extractlon of the dried



ground matter (155q) in 52 of distilled water.
Approximately 130 of dried around matter was
extracted with 0.5% or 0.32 of water In a thimble
until the solvent, which is cenerally brown became
clenr. The water extroct wes concentrated to 0.52
on a rotary evaporatnr, under reduced pressure at
temperature below 45°C. Fach ml of this extract

was equivalent to about 16.9 mq of drled oiant
materlal. The experimental nrocedurs followed
cinsely the WHO Task Force protocol (43a) on
indigenous nlants for fertiilty requiatlion. The
uterii from virgin female white albino rats of
average welght 1359 were sensitised by fnjecting
each rat intremusculary with 0.5 ma of oestradioi
benzoate dissclved in 0.5 ml peanut oll. 24-26 hours
after sensitisation, rats were killad by cervical
disiocation. The uterine horns were gulckly removed

and placed In a modified Van Dyke - Hastings sclutlion.*
H

3 of the uterine tube from each uterine horn was

cut off from the ovarian end and dl!scarded. The
remaining %-of each horn was then senarated by cutting
at their polnt of attachment to alve 2 uterine tubes.
The tubes were mounted with non reactive cotton

thread in a 10 ml organ bath contalnlng the modlified
Van Dyke - Hastings solution at 30°C and aerated wl+h
95% 02 2

to an Isometric transducer and the muscle tension at

In CO, (v/v). The uterine tube was then attached



about 0.1lg. The muscl!e was washed twice aftor
attachment and allowed to equillibrate for 2 hours.
If spontaneous actlvity was present after the 2
hour period, the muscie was dlscarded. |f no
spontaneous actlvity was present, acetylcholine
was added to glve a final concentration of lOm6M.
The maximum volume which was addad to the bath
was O.1 ml. If contractions became constant after
several contractions, the muscle was considered
unsable and then washed twice usling twice the bath
volume. All washings used the modlfled Van Dyke -

Hastings solutfon. 10 minutes after the last wash,

A peterslana klotz extracts were added in volumes

of (0.1 - 0.5) m! and occasslonally 1.0 ml.
Oxytocln, (0.002 - 0.005) unlits was used as a
reference. Activity measurements were done using
a kymograph (Electric 12 recording drum, Palmer)
and readings were recorded as trace helghts. The
trace helght of oxytoxin was always taken as i009%.
In between each measurement, stimulated uterine
muscle was washed until the deflector on the
Kymograph returned to baseiine. Activity measurements
of each extract were done on several uterine
preparations and average values of maximum and
minimum values were recorded. In all cases the

duration of uterine muscle ac+iv!+y was | minute.



¥ Preparation of modified Van Dyke - Hastlings solution,

(a) Stock sclution 1:
NaCl, 120.67q
NaHCO5, 46.62q
KCl, 8.279
Phencl red, 135 ml of 0.02% solution

Water was added to make 182

(b) Stock solution Il, Phosphate buffer, 0.11 mole/t:

NGZHPO

distilled water and made up to 1I°

4 (anhydrous), 22.714qg dissclved In hot

NaH2P04'H20’ 5.520q dissolved and diluted to 12

The two solutions were titrated to pH 7.40

{(c) Stock solution I1t, CaCi?ﬂ 0.5 mole/1:

CaC!Z.Z%ZO, 73.515 g/1i

(d)  Stock solution !V, MgCl,. 0.5 mole/1:

MgCi7.6H7O, 101 .665 q/!

To prepare 1% of the working soiutlon, 988 m| of stock

solution | was gased with 5% CO, in 0, for about 20

<

minutes until the pH was 7.4. 10 m! of stock sclution 11,
I mi of stock solution P, 1 ml of stock solution IV and
0.5 of alucose were added. The solution was ready when

the glucose had dissolved.
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