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ABSTRACT

Adenium obesum (Roem and Schult), family 

apocynaceae, was chosen fo r invet:igatiOn as a 

result o f information obtained from indigenous 

people o f Lunga Lunga area, along the Kenya - 

Tanzania border which indicated that this plant 

had some medicinal properties. Preliminary 

phytochemical screening o f the material (tuber) 

showed that the plant had one or more compounds 

with qfp unsaturated lactone rings, structures 

commonly associated with cardiac* glycosides.

Preliminary screening o f the material was followed 

by a more deta iled  investigation , in an attempt to 

iso late and characterise the glycosides.

The dried powdered material was extracted with 

707. ethanol, the extract detannated, and subsequently 

concentracted by d is t i l la t io n  o f alcohol at low temperature 

using a rotary evaporator. The aqueous suspension 

obtained was extracted with petroleum sp ir it  (40-60°C), 

diethylether, chloroform and chloroform-ethanol 2 il 

in that order so that fractions A, B, C and D respectively 

were obtained, A TLG examination o f the four fractions 

showed that fractions, A, C and D contained re la t iv e ly  

small amounts o f glycosides which were also present in 

fraction B, the ether soluble fra c tion . Adenium obesum 

was found to contain four glycosides but only one has been 

investigated in deta il in the present work.
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Fraction B, which was shown to contain three 

glycosides was subjected to various iso lation  and 

purification  procedures. These included washing with 

petroleum s p ir it  40-60°C, decolourisation with 

activated charcoal and use of column chromatography* 

Whereas the decolourisation with charcoal was 

unsuccessful, the column chromatographic procedure 

removed most o f the coloring matter from glycosides. 

However, no separation o f the glycosides was achieved 

at this stage- The combined eluate fractions a fte r  

evaporation to dryness (PE) were examined by UV and IR 

spectrophotometers and found to show features 

characteristic o f  cardiac glycosides.

A TLC comparison o f PE with the glycosides o f 

Adenium boehmlanum Schinz showed that two o f the 

glycosides o f PE had Rf values sim ilar to those o f 

somalin and echujin. The third glycoside o f PE had 

an Rf value, completely d iffe ren t from any o f tire 

reference compounds used. This th ird glycoside 

appeared to be the major constituent of PE.

A column chromatographic separation o f the 

glycosides o f PE was attempted. The eluate fractions 

were examined by TLC and those having the same compound 

pooled together to give three fractions DSKl, DSIC2,and 

DSK3. A fte r  concentration to a small volume, each of the 

3 fractions was examined again by TLC. Fractions DSKl 

and DSIC2 were shown to contain two "glycosides each, but 

DSK3 was shown to contain a single glycoside-
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An attempt to separate the glycosides o f DSKI 

by column chromatography resulted in the recovery 

o f only a very small amount o f one glycoside, with 

an Rf value very sim ilar to that o f echujin, and an 

absorption maximum at 21C run, characteristic  o f 

cardiac glycosides. Fraction DSKI was not further 

examined.

A preparative scale TLC separation o f the 

glycosides o f DSK2 was attempted. This procedure 

was found to require a large number of uniformly 

coated plates. One of the glycosides in DSK2 

had the same Rf as that in fraction  DSIC. The 

other one was present in very small amounts. Several 

attempts were made to recover adequate amount o f the 

la tte r  glycoside fo r id en tifica tion  purposes (IR , 

element analysis, molecular weight e tc ) but this was 

unsuccessful. DSK2 was set aside fo r  future reference. 

The major constituent of DSK% *< * in case also the 

major constituent o f DSIC which was subsequently 

examined.

About 3.C g o f DSK3 was obtained from 4 leg o f 

the dried tuber. The UV absorption spectrum of DSIC3 

showed a major absorption calc at 217 nm, with an 

in flex ion  at 211 nm and a minor absorption at 275 nm. 

Both the in flex ion  at 211 nm and the minor absorption 

at 275 nm were thought to be due to impurities and 

further pu rifica tion  o f DSIC was attempted.
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omall samples o f  DSICJ were subjected to d iffe ren t 

treatments- These included passage through a 

chromatographic column, washing with c ither 

diethylether, water, dilute a lk a li or d ilu te acid 

solutions.

The column chromatographic prodecure, washing 

with water and d ilu te a lka li solution did not a f fe c t  

the in flex ion  at 7.11 nm or the minor absorption at 

275 nm.

The ether washed sample o f DSK3 showed a UV 

absorption spectrum without the in flex ion  at 211 nm, 

but the minor absorption at 275 nm, was s t i l l  evident.

The acid washed DSIC3 sample showed an absorption 

spectrum with a considerably magnified in flex ion  at 211 nm 

Furthermore the ether washed sample, without the 

in flex ion  at 211 nm, on washing with dilute acid 

solution showed a reappearance o f the in flex ion  at 

211 nm. The minor absorption at 275 nm was not 

a ffected by the acid washing.

Of a l l  the purification  procedures attempted, 

only the ether washing proved b en e fic ia l. The bulk 

o f DSICo was therefore washed with diethylether and 

dried.

The IR spectra of DSIC3, soma 1 in and echujin were 

obtained and compared. Neither o f the two reference 

spectra was superimposable with the spectrum of DSX3.
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A TLG comparison o f DSK3 with the glycosides 

o f Adenium boehmianum Schinz and also with digoxin 

and ouabain showed that DSK3 was not identical 

with any o f die reference compounds used. - “The 3 f value o f 

DSK3 was higher than those o f digoxin and ouabain.

The Rf value for DSK3 was however, lower than those 

o f the glycosides o f Adenium boehmianum Schinz, under 

the experimental conditions.

Two sets o f element analytical data were 

reported by two d iffe ren t laboratories.! B11AC 

(England) reported carbon (C = 65.037.), Hydrogen 

(H = C.53%), the rest 26.447. being oxygen as no 

other elements were reported. Pharra. Inst. Ethz. 

(Switzerland) reported 0 = 64.0%, h =  3.2%, N = 0.07. 

and 0 = 25%.

The molecular formula of DSK3, calculated from

the element analysis results and the reported

molecular weight o f  739 was C,oH ,c0 ,-
J v  D j  J L j *

13
The G HMR spectral analysis results showed 

that DSK3 contained 39 carbon atoms in its  molecule.

This wqs consistent with the calculated molecular 

fonrula

The Beer-Lambert Law relationship was investigated, 

using the absorbance o f the pure compound at 217 van* the 

absorbances o f the coloured complexes formed with alkaline 

dinitrobenzene and alkaline 3:5 dinitrobenzoic acid.
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In a ll cases, Beers Law was obeyed, except for a 

s ligh t deviation with the resu lts obtained with the 

pure substance DSK3 at 217 nn*

17The E, ° values as well as the nwlar extinction  
lcm

co e ffic ien t calculated using the results fo r  the 

coloured complexes referred to above were time 

dependent and therefore require very accurate 

defin itions of the experimental conditions in order 

to be meaningful.

17In contrast, the E, ° value calculated using the 
lcm

absorbance at 217 nm was an independent constant. The 

s ligh t deviation from Beers Law was probably due to 

interferences by solvent absorption and instrumental 

error at this low wavelength region. The equation 

o f the lin e  changes s ligh tly  from Y. ~ MX to Y = MX + C 

(where C is  a constant value fo r  a l l  absorbance 

readings due to interferences re ferred  to above).

Pharmacological experiments were carried out

using anaesthetised rat, anaesthetised cat and
was

Langendorffs preparations. In a l l  cases DSK3 found to have? A

the typ ical cardiovascular e ffe c ts  o f cardiac glycosides, 

namely a transient pressor, a pos itive  inotropic and 

negative chronotropic e ffe c t  on the preparations used.
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CHAPTER I

I N T R O D U C T I O N

Adenium obesum (Roem & SchvLt) is  a member 

o f the plant family Apocynaceac. Many plant 

species belonging to this family are widely d istributed 

in tropical zones, particu larly in  A frica  and South 

America.

The exact d e ta ils  as to how and when the 

African peoples discovered the very toxic nature 

of mat^of these plants w ill probably never be known.

I t  is  now known, however, that these communities had 

fo r  centuries, used extracts o f these plants as 

arrow and ordeal poisons.

The preparation and use o f arrow poisons has 

adequately been described by Raymond (6 ), Watt and 

Breyer-Bradwijk (17) and Maitai (20

Numerous reports have been encountered regarding 

the use o f these plants as sources o f ordeal poisons.

An interesting account of the t r ia ls  by ordeal tilling 

these plant extracts has been described by Taylor (21 ). 

Accused parties were given prescribed, obviously tox ic 

doses o f decoctions o f these plants (mixed with other 

ingredients) which they were forced to take o ra lly .
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The innocent ones reportedly gulped the decoctiofis 

quickly (out o f confidence) resu lting frequently in the

regurgitation o f  most o f the poisons (probably due

to their ir r ita n t  e f fe c t  on the gastric  nricosa) <>

L it t le  o f the poisonous princip les were therefore

absorbed under these conditions so that the

innocent rarely died from their tox ic e f fe c ts „

The gu ilty , obviously a fra id  o f death reportedly 

took the decoctions slowly and reluctaiily. Under 

these conditions, vomiting rarely occured and enough 

o f the toxic princip les were absorbed, subsequently 

causing the death o f the victim s.

The rationale behind the t r ia ls  by ordeal was 

that the gu ilty  would die while the innocent would 

survive a fte r ingesting the prescribed decoctions,

Many o f the d iffe ren t species o f apocynaceae, 

including those very closely re la ted  to Adenium 

Obesum are known to contain cardiac glycosides* 

Bearing in mind thc^nov known properties o f 

cardiac glycosides, i t  is  not surprising that these 

plant extracts were so e ffe c t iv e  both as arrow and 

ordeal poisons.

Among those species that have been investigated, 

many have been found to have a d ig ita l is  type o f 

action. In many cases, the cardiac glycosides have 

been iso lated  and characterised (Table I ) .
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D ig ita lis  i t s e l f  was introduced into medicine 

during the la t te r  part o f the loth  Century by 

W illiam Withering. . A secret remedy for dropsy 

from a Shropshire woman had led Withering to 

the discovery o f d ig ita lis  as the active ingredient 

among twenty or so other ingredients in the decoction 

(12 ). W ithering’ s discovery subsequently led to the 

iso la tion  and use o f digoxin and d ig itox in  as pure 

cardiac glycosides in c lin ica l situations,

Many other species have subsequently been 

studied, their tox ic principles iso lated and studied 

both for their chemical and pharmacological 

properties.

The African arrow poisons on the other hand led to 

the discovery o f a very useful cardiac glycoside, 

ouabain. This drug was introduced into medicine 

in 1” 90 by S ir Thomas Fraser a fte r  a study o f A frican 

arrow poisons. Ouabain is  now widely accepted as 

the drug o f choice fo r the in it ia l  d ig ita lisa tion  

o f patients in emergency cases o f congestive heart 

fa ilu re . This is  due to i t s  very rapid onset o f action. 

I t  is  obtained from strophanthus gratus, although i t  

has also been found to be present in Aco lean the ra 

schimperii Benth & Hook (Table I ) .
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Thus fa r , the e f fo r ts  o f synthetic chemists have fa iled  to 

produce compounds equivalent, l e t  alone superior, to 

digoxin, the standard cardiac glycoside in c lin ic a l 

use. I t  is  therefore apparent that man's current 

reliance Oft p lant sources fo r  cardiac glycosides 

may continue fo r  some time to come.

Unfortunately, the therapeutic index of 

cardiac glycosides in c lin ic a l use is  known to be 

very low. The e ffe c t iv e  dose le v e ls  are not very 

fa r from toxic dose leve ls  and th is fact posed 

considerable problems in the past as i t  s t i l l  does 

today. Thorp e t  al (10) have in fact suggested 

that research should be d irected more towards the 

search fo r  cardiotonics other than cardiac glycosides.

These workers argue that i t  might be possible to 

find substances as e ffe c t iv e  but less toxic than 

cardiac glycosides.

This is perhaps good reasoning as fa r  as i t  goes. 

However, as in the case with digoxin and ouabain, 

each o f which has narked advantages over the other 

in d iffe ren t situations o f c lin ic a l usage, i t  might 

be possible to find yet another cardiac glycoside from 

plant sources that may be a useful addition to those 

currently in use.
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Ouabain fo r  instance, although being the drug of 

choice fo r  the in i t ia l  d ig ita lis a t io n  in emergencies 

as already mentioned, is  unsuitable, for 

maintenance therapy. This is mainly due to the need 

fo r very frequent medication necessary in contrast 

with the case o f digoxin, the la t t e r  having a much 

longer duration o f action. The point hero therefore 

is  that there is  need to look fo r  new cardiotonic 

substances (other than cardiac glycosides) and also 

possibly for new cardiac glycosides.

Adeniun o be sura was chosen fo r  more detailed  

investigation a fte r  preliminary phytochemical 

screening had shown that i t  contained one or more 

confounds with the C£*p unsaturated lactone ring; a 

characteristic feature o f cardiac glycosides and 

also because i t  has been used lo c a lly  as an arrow 

poison.

I t  is  perhaps in teresting to note here that other 

plants now known to contain cardiac glycosides had 

been used by both Eastern and Western European 

communities mainly as cures for dropsy.

Literature survey carried out in the present

work revealed no reference to the use of Adenium 

°besum as a dropsy cure. Information obtained from 

several indigenous people o f Kenya who use the plant 

did not indicate that the plant is  o f any value in 

the treatment o f  dropsy.
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A p a ra lle l however, was found in that whereas 

d ig ita lis  was employed against dropsy in Europe 

and Adenium obesum for syph ilis  in Eastern 

A frica the two presumed cures depended on the 

d iuretic e ffe c ts  o f the cardiac glycosides.

I t  is  known that excess body flu id  in dropsy 

cases is  mostly due to congestive heart fa ilu re .

The pos itive  inotropic e f fe c ts  of d ig ita l is  upon 

the ray o ca r c1 iura improves the working capacity o f the 

heart thus improving the c ircu la tion . The 

improved circu lation  results in  diuresis so that 

excess body f lu id  is  voided.

The use o f  Adenium obesum as a "cure" fo r 

syphilis although perhaps not rational in terms 

o f antibiosis was nontheless a recognition o f the 

diurectic properties of the cardiac glycosides 

contained therein.

Cardiac glycosides are thought to exert a d irect 

e ffe c ts  on the kidneys to produce diuresis. The 

constant flushing o f the urinary tract therefore 

probably gives some symptomatic r e l ie f  to the 

sufferers o f syph ilis  who use th is native herb.

This diuresis also probably helps to keep the numbers 

o f the in fec tive  organism (Treponema Pallidum) in the 

urinary tract down. This may also have ‘ the e f fe c t  

o f delaying somewhat the general spread and 

worsening o f the disease state.
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LITERATURE REVIEW

A review o f litera tu re  on Adenium obesum 

revealed a considerable amount o f  controversy 

regarding the naming of this and related species.

Vcrdcourt (14) gives Ader.iuia -Jultif lorum as 

a synonym for Adeniuta obesum, thus inplying that 

these two are the same. I t  was noted, however, 

that this author (Verdcourt) expressed some doubt 

as to the synonymity.

Watt and Brandwijk (17) distinguish Adeniura 

°b*eura and Adenium '-Jultiflorum as two d iffe ren t 

species. These author* therefore do not agree with 

the synonymity suggested by Vcrdcourt.

The controversy is further apparent in the work 

o f D alziel (1C ). D alziel claims that Adenium 

doetanura Stapf or Adenium speciosum is  probably the same 

species referred to as Adenium obesum by Roem and Schult 

According to D a lz ie l, Adenium obesum i t s e l f  

is  an Arabian species not found in East A fr ica .

Watt and Brandwijk (17) claim  that both species 

(Adenium obesum and Adenium eoetanum Stapf) occur in 

East A fr ica  and that they have both been used as 

arrow, fish  and homicidal poisons.
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A photograph of Adenium ou ltiflorum  presented by Watt 

and Brandwijk (17) was compared with the plant under 

investigation in  the present work. I t  was apparent 

that these two plants were un likely to be the same.

The p o ss ib ility  that Adenium coetanum Stapf and 

Adenium obesum, Roetn and Schult were the same plant 

could not however be ruled out. Several research 

workers (14, 1C) in fact seem to think that these 

two are one and the same plant.

The litera tu re  on Adenium Coetanum Stapf 

was reviewed in view of the suggested s im ila r ity . This 

plant is  reported to have been used in Tanganyika 

as an arrow as w e ll as fish  poison (17). I t  is  

also reportedly used by the Bena tribe (in  

Tanganyika) to mark a grave. The dry extract from 

a twig is  said to bo highly to x ic .10 rag k il l in g  

a guinea pig in th irty minutes, with tonic and c lon ic  

convulsions, paralysis of the jaws and bladder. Ho 

report, however was found regarding the iso la tion  

and characterisation o f cardiac glycosides from 

Adenium coetanum Stapf.

Adenium honghel is given as a synonym o f Adenium

bbeeura by Vcrdcourt (14 ). The lite ra tu re  on Adenium

honghel was therefore reviewed in view of th is. This

plant (A . honghel) has been known to y ie ld  a

glycoside, honghelosidc G which has been reported to be 

identical with Somalin (17 ).



9

The la tte r  glycoside was iso la ted  from Adcnium 

boehiaianum schinz by Reichstein c t  al (23 ).

In the l ig h t  o f these find ings, Adenium

obesura might be expected to contain somalin, besides

possibly other cardiac g lycosides. I t  is

interesting to note here, the common occurrence o f

this glycoside (somalin) in d iffe ren t spec ies .0 ,
42, *V3 . uq .4$' ulo .m , 6a
The names of three d iffe ren t species of the 

family Apocynaceae are given in

Tables along with glycosides isolated from them.

In view o f the finding that two or more species may 

contain one, two or more glycosides in conmon, 

c lass ifica tion  o f these plants on the basts of 

glycosidal content would appear to be a d i f f ic u lt  

process.

Adenium O be sum was described by Verdcourt (14 ). 

According to Verdcourt, the plant is  a succulent shrub 

0.3 meters ta l l  with a very swollen lower stem.

The leaves are hairy or h a ir less } oblong 

reversed ovate or oblong, are very rounded at the 

apex or shortly acute from a round apex gradually 

narrowing to the base = They (leaves)are 3.2 - 9.5 cm. 

long and 0.76 - 3 cm. wide.

The flowers are in small c lusters, pink or 

scarlet coloured with a funnel shaped tube which is  very 

narrow at the extreme base.

i
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They are 2,5 - 5 era long and have a fine «p®x» These 

lobes are 1 . 2 - 3  cm, long and arc fin e ly  hairy. The 

fru its  consist o f paired pods 15.2 - 17.C cm. long. The 

seeds are oblong with a parachute at both ends and arc 

about 7 era. long overa ll.

According to Vcrc’ court (14) Adenium obesuin is  widely 

distributed in East A frica . I t  is  found in Gulu (Uganda), 

iiaralal, LLarsabit, Lake ilagadi and also the Kenyan Coast.

The plant is  also grown in Tanzania and certain parts 

o f Kenya fo r  ornamental purposes.

PRESEUT WORK

111 the present work, i t  was intended that a fte r  

finding the nuraber o f cardiac glycosides in Adeniuri 

obesun plant m aterial, at least one o f these glycosides 

be isolated in pure fom  and id en tifie d . Id en tifica tion  

o f a l l  glycosides in the plant would have required more 

time than is  normally given for an IBc degree thesis. An 

attempt to characterise the pure glycoside from „ .

Adcniuu obesun formed an important part of the present work.

An cr-haustive study o f the pharmacological properties 

o f the glycoside iso lated  from this plant (e .g .  absorption, 

Istribu tion , metabolism and ercrc tion ) was considered to 

be beyond the scope o f the present work. A preliminary 

pharmacological screening o f the iso la ted  glycoside was, 

however, considered to bo desirab le. Of particu lar 

importance was the e f fe c t  o f the compound on tlie 

cardiovascular system and more sp ec ifica lly  on the heart.
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Th« plant material fo r  the present worlc was 

co llected  from Lunga Lunga, near the Kenya - 

Tanzania border. I t  f i t t e d  the description by 

Verdcourt (14) and was authenticated by the Botany 

Department o f the University o f Nairobi and also by

a Botanist o f the East A frican Herbarium, Nairobi.
A specimen of th is plant has been deposited in. the

Pharmacy Department, University o£ Nairobi. -

The young plant i *  vsury beautifu l especially when in

flower (F ig . 1 ).  The underground stem (tuber) was found 

to be very large fo r  older plants 

(see Figs 2 & 3 ).

During the co llec tion  o f plant material great care 

was taken to minimise injury to plant tissues. Such 

injury is  known to cause the release of hydrolytic 

enzymes, which in the case o f cardiac glycoside 

containing plants would hydrolyse o f f  the sugar 

moieties. This hydrolysis posed considerable 

problems to e a r lie r  workers. Trim (15) had referred  

to the work of Stohl (194C)j Stohl, Hoffmann and 

Kreis (1935) who noted that a ll cardiac glycosides 

iso lated  before 1930 were in fa c t a rtifa c ts  due to 

such hydrolysis. A rtifa c ts  may also resu lt from the 

sugar transferring action to certain  glucosidases 

in the course o f iso la tion  procedures (15 ).

COLLECTION OF PLANT MATERIAL
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•• Ethyl prinr/eroside obtained from Gautheria 

procumbens was ohotm by r.abats’ ( IT )  to be an a r t i fa c t  

resulting from the rapid enzymatic transfer of 

primverose from monotripin. In order to minimise the 

risk  o f such hydrolysis or enzymatic transfer, the 

plant material (tuber) was quickly chopped to small 

pieces and dried in  an oven at 60°C, At th is 

temperature, i t  was hoped that any enzymes would 

be inactivated to a large extent. A fte r three days 

in the ven tila ted  oven, the tuber was not 

su ffic ien tly  dry fo r  grinding* The material was 

therefore spread out on straw mats and dried in the 

sun for another three days.

The dry material was subsequently ground to a 

powdery consistency. The powder tasted very b it te r  

and the fin e  dust from i t  evoked an a lle rg ic  

rh in it ic  condition in those present in  the 

laboratory. Yet another surprising observation 

made was that when l e f t  in an open box overnight, 

a considerable number o f house f l i e s  were found deavC 

on top o f the powder the following day. These two 

observations however, were not the subject o f 

investigation  in the present work.



13

PRELIMINARY SCREENING OF THE DRY PONDERED 

Adeniuh QBE SUM TUBER FOR CARDIAC GLYCOSIDES

Before commencing on deta iled  experimental 

work, a preliminary investigation  was carried out.

The aim of th is preliminary screening

was to find out whether the dry powdered tuber

(and hence the plant) contained cardiac glycosides.

A small amount of the dry powdered material was 

ground with 707. ethanol with a pestle and mortar.

The detannated ethanolic extract a fter c la r if ic a t io n  

gave a deep blue colour with alkaline 3:5 

dinitrobenzene (Raymond reagen t). This blue colour 

was found to be fa ir ly  transient.

Raymond reaction is  characteristic  o f compounds 

containing^ p unsaturated lactone ring systems.

The presence o f cardiac glycosides was therefore 

indicated by th is reaction.

The plant material was therefore considered 

suitable for further detailed examination, with a 

view to iso la tin g  and studying the properties o f cardiac 

glycosides present.
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1* 3:5 DIITITROBEMZENE SOLUTIOH (24)

A 17. solution of 3:5 dinitrobenzene in absolute 

ethanol was prepared by weighing the required 

amount o f  3:5 dinitrobenzene (BDH) and 

d issolving i t  in absolute alcohol. I t  was 

found necessary to warn the solvent in order 

to enhance the dissolution process. The 

reagent was stored in amber coloured b o ttles .

2. 3.5 DINITRCBEiJZOIC ACID (ALKALINE) ,KEDDE REAGENT'
_______________________________ (24)_____________________

This reagent was prepared by mixing equal quantities

o f a 2% solution o f 3:5 dinitrobenzoic acid

(BDH) in methanol and a 5.77. w/v aqueous solution

o f potassium hydroxide (ICOH) . A ltern a tive ly ,

this reagent (Kedde) was prepared by weighing

1 gm. o f 3:5 dinitrobenzoic acid (BDH) and dissolving

i t  in 100 u l. of a 0.5 N. potassium hydroxide (KDH) 

solution 507. methanol.

SCDIUH HYDROXIDE SOLUTIONS (24)

These were prepared by dissolving we igbed

quantities o f sodium hydroxide (NaOH) p e lle ts  in

freshly bo iled  d is t i l le d  water. For accurate

vTorlc, the solution was standardised using standard

hydrochloric acid (HCL).

PREPARATION OF REAGENTS



15

4. KELLER K1LIAN1 REAGENT (16)

A 5% solution of Ferric  Sulphate (Fc2(S0^)..

was prepared by dissolving the appropriate 

weight o f fe r r ic  sulphate in  d is t i l le d  water.

One volume of the resu lting solution was 

added to 99 volumes o f g la c ia l acetic acid.

This reagent was used with concentrated 

sulphuric acid to test fo r  2 - deoxy-sugars.

5. CHLORALOSE AilAESTHETIC (30)

A 17. solution o f chloralose in normal saline 

was prepared by weighing the appropriate 

amount o f chloralose (BDH) in normal sa line.

I t  was necessary to heat the solvent (normal 

saline) to about C0°C. to e f fe c t  dissolution

6. 2N SODIUM CARBOIIATE (SODA SOLUTIOn)

A weighed* quantity o f cbditda cs-bonate was dissolved 

in freshly d is t i l le d  water so that the 

resulting solution was -2N.

RINGERLOCKE

The follow ing salts and sugars were weighed 

accurately using a Sartorius ItHcroanalytical 

balance and dissolved in fresh ly  d is t i l le d  water.
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TABLE 3

PREPARATION OF RINGER LOCKE SOLUTION

SALT]SUGAR A rio W  weig* I 3 ft) PREPARE

2 LITRES OF RII1GER-L0CKE 

SOLUTION (GRAMS)

Sodium Chrolide (NaCL) 15.42

Potassium Chloride (ICCL) 0.84

*  Calcium Chloride

(CaCL2.6H20) 0.956

Sodium Hydrogen Phosphate

(UaH2P04) 0.208

Glucose OT Dextrose

(06H12°6) 4.0

**  Sucrose ( G12H2 2 ° l P 9.0

Sodium Bicarbonate NaHCÔ 4.2

* Calcium Chloride was added a fte r  a ll the other 

solutes to avoid p rec ip ita tion . **

* *  Ringer Locke formula does not include sucrose. 

Sucrose however, has not been found to have any 

adverse e f fe c t  on the formula and was therefore

included



REAGE MTS /SOLVENTS USED

REAGEirr/SOLVE ITT GRADE BRAND
Absolute Alcohol Laboratory

Absolute Alcohol Analar Riedel - De Haen
Alumina (TLC) Type 60/E Neutral
Alumina (Column) * BDH Neutral
Alumina (Column) Brodcmann 

Grade I Me rck Neutral

Ace tone Laboratory M & B

3enzene C rysta llisab le BDH

Chloroform Laboratory M & B

Chloroform Analar BDH

Decolorising Chacoal M & B

3:5 Dinitrobenzene BDH

3:5 Dinitrobenzoic Acid BDH

Disodium Hydrogen 
Pho spliate M & B

Ethyl Etlier BDH

Ethyl Acetate BDH

Fomamidc BDH

Lead Acetate M & B*
Lead Monoxide M & D

Methanol BDH

Methylene Chloride BDH

Ouabain BDH

Petroleum Ether 40-60°C M Sc 3

Pyridine (absolute) BDH

Potassium Hydroxide 3DH

Sodium Sulphate 
(anhydrous) BDH

S ilica  Gel G. BDH

Urethane (Ethyl
Carbamate) BDH



njSTT.uiEirrs used

Pyc Unlearn S? 83C U7 Spectrophotometer,

Dye Unlearn ST 8000 UY Spcctropho tone ter.

fyc Unlearn S? 2C0 Gratins XU Spectrophotometer.

Pye Unlearn S? 1000 III Spectrophotometer.

A Condon blood pressure manometer

Devices 112R and I2P blood pressure - heart rate
recorder.

Lan^endorffs heart perfusion apparatus made by 
S c ien tif ic  Research Instruments Ltd. (SR I).

Sartorius m icroanalytical balance.

Tire Ideal Respiration Pump. Model 16/24 made 
by C.F. Palmer (London).

Rotary Evaporator (Duchii)
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CHAPTER I I

ISOLATION OF CARDIAC GLYCOSIDE (S ) FROM ADENIUM 
_ _  __________ 03ESUM MATERIAL______________________

About 4Kg. o f the previously dried and powdered

tuberous plant material was placed in a 25 l i t r e  glass

flask . Enough o f 70% ethanol was then poured into

the flask  ro that the material was completely soaked and

excess solvent rose tc a leve l s ligh tly  above that

of the m aterial.

A water cooled condenser was connected to the 

mouth o f the flask  a fter shaking thoroughly so that

a ll the material war in contact with the extracting

solvent ' e.x+<ra.ctioii d -̂ u.r .
-ejj-ec-ted. Si*v.uXWouihj (<£ ./S' J

The flask was then placed on a thermostatically

controlled water bath which had been set at 60°C.

The material was l e f t  to macerate at this temperature for

three days. The water cooled condenser prevented the

loss o f solvent during the maceration process so that

i t  was not necessary to top up the solvent.

A fte r  three days of naceration> the 707. ethanolic 

extract (yellow ish brown) was separated from the ground 

plant materia! by straining through a muslin cloth 

and was c la r if ie d  by f i l t r a t io n  through a Whatmanr.

No 1 f i l t e r  paper.
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The marc was again soaked and le f t  in 70% 

ethanol at S0°C. fo r a further three days. The 

extract was again separated from the powdered 

material as before. This »-aceration process was 

repeatedly carried  out un til the remaining marc 

scarcely tasted b itte r  (almost glycoside f r e e ) .

The extraction  procedure was not a quantitative one. 

However, e f fo r ts  were made to completely exhaust 

the glycosides from the powdered material.

This was found to be very d i f f i c u l t  

under these conditions, particu larly  as there 

was no f i l t e r  press or sim ilar device available 

for separating the extract from the marc completely.

The c la r i f ie d  othanolic extracts gave a strong 

Raymond reaction^ were combined, and labelled  OE

This was set a r id ’  fo r subsequent in vestiga tion .

Removal of Tannins

When a small volume (5 ml) o f the ethanolic 

extract (OE) war tested for the presence of tannins 

by means o f 15% lead acetate solution, a yellow ish 

precipitate was no-.ed. Since certain cardiac 

glycosides are knô m to be very insoluble in water, 

i t  was considered necessary to show that the 

precipitate war not due to water insoluble glycoside 

or glycosides which may have precip itated out on 

addition o f thr. aqueous lead qcctate solution.
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The control test was performed by adding to 

5 ml o f OE, a volume of d is t i l le d  water equal to 

the volume of 15% lead acetate added in the 

previous test fo r  tannins. Ho precip ita te  was 

observed on addition o f water, and i t  was concluded 

that the precip itate obtained with lead acetate 

was due to tannins,

The whole o f the ethanolic extract (03) was therefore 

treated with 15% lead acetate solution until no further 

precipitation was noted. The nature of the 

precipitate made c la r ifica tio n  by f i lt r a t io n  very 

d i f f ic u lt .  The lead acetate treated extract was 

therefore l e f t  undisturbed fo r  about 4(! hours and 

the supernatant subsequently decanted o f f .

The precip ita te was washed several times with absolute 

ethanol and the ethanolic washings a fter c la r ific a t io n  

were combined with the detannated ethanolic supernatant 

and set aside fo r  further pu rifica tion .

Removal- o f excess lead

The detannated ethanolic extract gave a pos itive  

test fo r  lead (a  white p rec ip ita te  o f lead sulphate 

with d ilu te sulphuric ac id ).

The whole o f the detannated extract was therefore 

treated with a strong solution o f disodiura hydrogen 

phosphate (ih^HPO^) until no further precip itation  

was noted.
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The white p recip ita te  was removed and washed 

in the same way as the lead-acetate-tannins 

precipitate -

The detannated, lead free ethanolic extract 

was combined with the c la r if ie d  ethanolic washings 

and gave a strong Raymond reaction . The extract at this 

staCe was found to be considerably less coloured than 

die orig inal ethanolic extract (OE) and was set 

aside fo r  further examination.

Soi/e:.t/Solvent extraction  o f tlte RlyCosicIeS 

from an aqueous suspension

The detannated lead free ethanolic extract was freed 

from ethanol by means of a rotary evaporator at 60°G 

under vacuum. The volume o f the aqueous suspension 

obtained was reduced from about 5 lit r e s  to 500 cc 

again under vacuum for convenience o f handling.

The suspension was placed in a 1 l i t r e  separating 

funnel and treated according to the raedo* of 

Reichstcin et a l (23) as fo llow s:

I t  was extracted 5 times with in each case 

500 ml. o f petroleum sp ir it  (40-60°C).

The combined petroleum ether extracts were 

labelled FRACTION A and set aside fo r further

examination
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The remaining aqueous suspension was again 

extracted T tines with in each case 500 ml o f 

diethyl ether* Further ether extracts gave a 

very weakly pos itive  Raymond reaction. The 

combined ether extracts were labe lled  FRACTION B 

and set aside fo r  subsequent examination.
t

The remaining watery suspension gave a 

positive Raymond reaction. I t  was extracted with 

Chloroform (FRACTION C) and then with Chloroform 

Alcohol 2:1 (FRACTION D ). Fractions C and D 

gave positive Raymond reactions and were set 

aside fo r  subsequent examination.

The remaining watery phase gave negative 

Raymond reaction and was not further examined.

Fractions A, B, C and D were subsequently 

subjected to a TLC analysis.

TLC examination of fractions A, B, C and. D

Thin layer chromatographic 20 x 20 cm plates 

were prepared according to the method described by 

Stahl (25) using S ilica  Gel G» The p lates were

a ir dried by leaving than*e::posed' at room temperature 

overnight. Several chromatographic tanks were 

prepared using d iffe ren t solvent systems (Table 4) 

and l e f t  to saturate fo r  four hours.
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5var.il voluues (about 20 m l.) o f each of 

fractions A, B, G and D were evaporated to dryness 

by bloxTing hot a ir  over surfaces o f evaporating dishes 

containing these samples. The resu lting residues were 

dissolved in small volumes o f methanol (about 5  m l).

The nethanolic solutions were subsequently spotted onto 

the a ir  dried S i l ic a  Gel G TLG p lates. The spotted, 

plates were placed in chromatographic tanhs containing 

d ifferen t solvent systems previously prepared. The 

o r i3 inal ethanolic extract (OE) was spotted on a l l  

plates fo r  comparison purposes. The developed 

chromatograms were examined by spraying with ICedde 

reagent v/hich produced fa ir ly  stable pinlc spots.

The TLC results are shown in Table 4

Fraction A produced a very fa in t spot with an 

Ilf value sim ilar to that o f the highest spot given 

by Fraction B. As this Fraction (A) also contained 

fatty and resinous materials, the very small amount 

o f 3 lycoside present was disregarded. Fraction A 

was therefore not further e::amined and was discarded.

Fraction G and D each contained one, possibly 

two cardiac 3 ly c 0 sid.es in re la t iv e ly  small amounts.
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The re la tive  in ten s ities  o f the pinlc spots produced 

with Kedde reagent suggested that the glycosides 

in Fraction C and D were present in greater amounts 

in Fraction B.

I t  was therefore considered that fo r  the 

preparatory scale separation o f the glycosides. 

Fraction 3 would probably y ie ld  a reasonable quantity 

o f each g lycoside. Furthermore, i t  was considered 

that most of the small quantities o f glycosides 

in fractions C and D would probably be lo s t during 

the pu rifica tion  procedures.

Since only small amounts o f glycosides were 

apparently contained in Fractions C and D, i t  

was considered unnecessary to pool these 

fractions together with fraction  B. In any case 

such pi 'ccjure would probably have reintroduced 

into fraction  B some impurities which had been 

extracted in Fractions C and D.

Fractions C and D were therefore not further 

examined and were discarded.

Fraction 3$ appeared to contain three glycosides 

and attempts were subsequently made to purify th is

fraction .
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PURIFICATION. AID EXAMINATION OF FRACTION B 

___________ (ETHER SOLUBLE FRACTION)_________

The combined ethereal extracts i«e  .-fraction B:

(aoout 4 i i t r e s )  were reduced to about 500 m i l l i l i t r e s  by 

d is t il la t io n  and the concentrated extracts placed

in a 1 l i t r e  separating funnel. They were washed once 

with 100 ml. o f 2H. HCt, once with 100 ml o f 2N. soda 

solution (najCO^) and fin a lly  thoroughly rinsed 

with freshly d is t i l le d  water. The extract was then 

dried over sodium sulphate and subsequently

freed from ether. I t  was noted that the "residue" 

was a syrupy, viscous sticky mass, brownish in 

colour.

I t  was thought that the ex tract may have 

contained some sugars in the free  form, which may have 

tended to caramelise on prolonged heating and thus 

contributing to the brownish colour.

The stickiness of the residue was considered 

to be possibly due in part, to the presence o f waxes 

and resinous as well as fa tty  m aterials.

Attempts were subsequently made to purify the extract 

by washing with petroleum s p ir it  (40-60°C), adsorption 

onto charcoal, and by column chromatography.

CHAPTER I I I
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A. Pu rifica tion  by washing: \*ith petroleum 
s p i r i t  ( 4Q*6^S u  j .

Tlie residue from fraction  B was redissolved in 

methanol - water 70:30 (100 m l). The resulting 

mixture was found to bo a milky suspension.

The suspension was placed in a separating 

funnel and washed 5 times with in  each case 30 ml 

o f petroleum s p ir it  (40-60°C). The combined 

petroleum s p ir it  washings were washed with 707. 

methanol a fte r  which they (petroleum ether washings) 

gave a negative Raymond reaction . The petroleum 

ether washings were not further examined and were 

thrown away.

The methanolic watery phase as combined with 

the 707. methanolic washings, The combined 

methanolic watery suspension gave a strong Raymond 

reaction and was set aside fo r  further pu rifica tion  

using charcoal.

B» Pu riffca tjon  by Adsorption onto charcoal

The 707. methanolic solution was diluted with 

d is t i l le d  water so that the f in a l concentration o f 

methanol was 107. v/v.

The mixture was placed in a round bottomed flask 

and refluxed with about 0.5 G o f activated 

decolourising charcoal fo r  half an hour.
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The hot solution was f i l t e r e d  through a 

Whatraann Ho 1 f i l t e r  paper to remove the charcoal.

The resulting clear, colourless f i l t r a t e  gave 

a very wealcly pos itive  Raymond reaction. I t  was 

therefore apparent that most o f the glycoside had 

been adsorbed onto the charcoal along with 

colouring matter.

The glycosides were recovered from the charcoal 

by wishing with hot methanol and f i lt r a t io n . The 

washing procedure was repeated u n til any further 

raethanolic washings gave a negative 

reaction to Raymond test fo r cardiac glycosides.

The mathanolic washings were combined with the 

107. methanolic f i l t r a t e *  The resu lting solution 

gave a strong Raymond reaction showing that the 

glycosides had been recovered from the charcoal.

I t  was noted however, that this solution was 

also coloured (yellow ish) showing that the 

colouring natter had been recovered from the 

charcoal along with the glycosides.

Further attempts were made to decolourise the 

methanolic solution of the glycosides. The 

raethanolic watery solution from above was freed 

from methanol by 'is t t l la t to n  Undgr vapaiflnj using a. 
rotnvaporator» The resulting aqueous suspension
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was placed in a separating funnel and the glycosides

extracted with ether to exhaustion. The glycoside

free aqueous phase was discarded. The ether

extracts were combined and dried  over sodium

sulphate (i^S C h ) .  They were subsequently freed  
> _

from ether by d is t i l la t io n  at 40 C.

’’’he rer'.du® was re dissolved in methanol 

(BDH) and the methanolic solution (100 ml) refluxed 

with about 0.5 g« of decolourising charcoal . 

for 2 0  minutes in a round bottomed pyrex flask .

The hot mcthanolic solution was subsequently 

c la r if ie d  by f i l t r a t io n  through a wjptmann No 1 

f i l t e r  paper. The f i l t r a t e  was found to be yellow ish 

brown, (as before the attempted decolourisation) 

and gave a strong Raymond reaction . The charcoal 

used fo r this attempted decolourisation was shaken with 

hot methanol ard the methanolic washing again 

f i lte r e d  through a Whatoann Mo. 1 f i l t e r  paper.

The resulting f i l t r a te  gave a very weakly pos itive  

Raymond reaction, showing that very l i t t l e  o f th: 

glycosides had been adsorbed onto the activated 

charcoal.

I t  was therefore concluded that decolourisation 

o f a predominantly aqueous or a methanolic solution 

o f the. glycosides was unsatisfactory and this method
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was therefore abandoned.

The methanolic solution was the re fore combined 

with the ncthanolic charcoal washings and set aside 

fo r further pu rifica tion  using column chromatography.

C. Pu rification by column chromatography

The methanolic solution o f glycosides from the 

preceding section was evaporated to dryness by 

means o f a rotary evaporator at 50°C (under vacuum).

The resulting residue was redissolvcd in 

the minimum amount of chloroform (about 1 0  m l).

An ordinary reflux condenser was employed as 

a mechanical support for the column. A "s lu rry " o f granular 

Alumina (a c tiv e , neutral) was made in ether

(diethyl ether) and introduced into the thoroughly 

cleaned qu ick fit condenser. A small amount o f glass wool 

was placed at the bottom o f the condenser to hold 

die stationary phase. The column was packed according 

to die mediod described by Roberts e t al (36) and die 

chloroforraic solution of glycosides ( 1 0  ml) introduced 

at die top o f the 50 cm. length column. The solutes 

(glycosides) were eluted with combinations of benzene- 

chloroform (see table 5) and 100 ml fractions o f cluate 

collected  a fte r  preaer.ae o f glycoside in the eluate 

became evident (Raymond reaction ).
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The results o f the column chromatographic 

purification  are shown in Table 5- Various combinations 

o f methanol - water, methanol - ether, acetone-ether, 

and ethyl acetate-ether were used in attempts to 

crysta lU  r* glycosides from the d iffe ren t fractions 

obtained. As no crystals were obtained at this 

stage, i t  was considered that e ith e r  the glycosides 

had not separated or were not su ffic ien t ly  pure to 

c ry 9 ta lli*o u t . That the glycosides had not separated 

was indicated by TLC results. The combined eluate ' a 

fractions were evaporated to dryness and labelled  

?E (pu rified  ethereal ex tra c t).

The solid  phase (KBr disc) and liqu id  phase 

(nujol mull) IR epectra o f PE showed the fo llow ing 

salient fea tu res:-

a) A strong absorption pcah at about 2950 cm  ̂

suggested saturated structures.

b) A strong absorption peah at about 1750 cm"  ̂

suggested the presence of a Ice tonic group or 

groups.

c) A strong broad absorption peak at about 3400 cm 

suggesting the presence o f hydroxyl (OH) group 

or groups in the molecules.

A ll these features were consistent with previous 

evidence indicating that PE contained cardiac glycosides.
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PE was subsequently compared with the 

glycosides obtained from Adcnium hoehmianum Schinz, 

as well as with digoxin and ouabain, by TLC.

Commercially coated s i l ic a  Gel GF 254 20 x 20 cm 

plates o f 0.25 mm thickness were employed,

Ilethanolic solutions of PE, Somalia, echujin, 

by-product - E.Acetatc, digitalinum  verum hexacctate, 

digoxin and ouabain were made and spotted onto 

several TLC plates described above.

The p lates were subsequently placed in d iffe ren t 

chromatographic tanks. These tanks had previously 

been prepared with solvent systems benzene - 

ethanol 7.3; benzene - chloroform 7.3; benzene - 

methanol 7.3 and l e f t  to saturate over a period 

o f four hours.

The developed chromatograms were examined 

by a UV lamp and then by spraying with ICedde reagent.

The resu lts o f the TLC comparison are shown 

in Table 6  .

PE was shown to be qu a lita tive ly  sim ilar to 

FRACTION B in terms o f g lycosida l content. Somalin 

and echujin spots appeared to have Rf values close to 

those o f the highest and next highest PE spot 

respectively. None of the references used showed 

an Rf value sim ilar to that o f the PE spot with

lowest Rf value.
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SEPARATIOII OF THE GLYCOSIDES OF PE '
PY COLLRI! CHEOiy.TOGRAPliY

TLC examinations thus fa r  carried out were 

based on the adsorption/partition of the solutes 

onto s i l ic a  3 d  G. To be able to se lect appropriate 

solvent systems for the column chromatographic separation 

of the glycosides - using alumina, i t  was considered 

necessary to carry out a preliminary TLC of PE on 

alumina p la tes .

Commercially coated alumina (Art 5713 DC 

Fertigplatten Aluniniumoxid 6 C F254 Type E, made 

by Merck) 20 x 20 cm plates o f  0.25 na. thickness 

were employed,

PE v;as spotted onto d iffe ren t plates together 

with somalin, (authentic sample). The plates

were developed using benzene - ethanol 7i3; bcnzenc- 

methanol 9:1; benzene - methanol 3:2; and benze- 

chroroform 7:3.

The developed chromatograms were examined 

by spraying with Kcddc reagent.

The resu lts of the TLC examination o f PE 

using alumina are shown in Table 7.

The solvent systems benzene - ethanol 7:3 

and benzene-methanol 9:1 produced well resolved

CHAPTER IV

spots.
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I t  was noted however, during a preliminary column ' 

chromatographic separation procedure (using alunina) 

that polar solvent systems (those containing fa ir ly  

large proportions o f e ith er methanol or ethanol) 

dissolved s ign ifican t amounts o f  adsorbent (alumina) 

from the column. These solvent systems were 

therefore not used subsequent separation

procedures.

Aluninium oxide (Art 1077 Aluminiunoxide 90 

active, neutral, Broclcmann grade I ,  made by Merck) 

was used for packing the separation column. A 

specialised glass (2.5 cm. internal diameter) 

mechanical support with a sintered glass stationary 

phase support at the base was used.

The stationary phase was made into a suspension 

with benzene and packed according to the method 

described by Robertse^ n l (36) to a height double that 

of the column previously used fo r  purifying Fraction B 

(100 cm). A Whatmann Ho. I  f i l t e r  paper was cut to 

size and placed on top o f the adsorbent to minimise 

disturbances o f the la tte r  on addition o f eluant.

The sample was dissolved in  10 ml. o f chloroform 

and introduced by means o f a p ippette, at the top of 

the column. The column was elu ted using various 

combinations o f benzene-chloroform (see Table 0 ). Starting

from non polar to progressively more polar combinations
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When presentjof glycoside in  the eluate was

detected (Raymond reagent) co lle c tion  o f small

volumes 10-50 m i l l i l i t r e s  o f clunte was commenced
•••

(see Tat'-. ° ) » The fractions were labelled  

numerically according to the order o f co llec tion , 

and set aside.

A fter the 45 fraction  the column was washed with 

methanol, and the m thanolic washing labelled  157.

The d iffe ren t eluatc fractions were subsequently

subjected to a TLG analysis using precoated alumina

(Art 571'3 Dc Fertigo latten  Aluminium oxide 60 F254

Type E trad . by it:rck) 20 x 20 cm plates o f 0.25 tar.

thickness. Bcnzcnc-methanol 9:1 was used as the

mobile phan in this e*pe.riw*«rtt. Results o f column 

chrona to graphic nnd TLC analysis are summarised

in Tabic B.

Fractions 1-29 were found to contain one main 

glycoside and a very small amount o f a second 

g lycos if'n  The man r glycoside had an Rf value o f 

0.5 while the sc ;ond one showed an Rf value of 0.69. 

These fractions wero combined, labelled  DSX1 and set 

aside fo r  subsequent examination.

Fractions 30-55 contained two glycosides with 

Rf values of 0.5 a d 0.25 These fractions were 

combined, labe lled  PSTC2  anr* set  aside fo r  subsequent

examination.
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Fractions 36-43 contained a single glycoside 

with an Rf value o f 0.25- These fractions were 

combined, labe lled  DSK.3 and set aside fo r  

subsequent examination.

The m thanolic washing o f the column (13/) 

was found to contain a single glycoside with an 

Rf value of 0.25. (as fo r  DSK3) . This fraction  

was oilicy (due to alumina dissolved in methanol) 

and also coloured (straw ). The methanol had 

therefore eluted out the colouring matter along 

with the remaining glycoside.

M'J was further purified  by passing through 

an alumina (A rt 1077 Aluminium Oxide 90 active 

neutral Brockmann grade I  by Merck) column.' The sample 

was introduced ;o the column as a chloroformic 

solution (131 was freed from methanol and die 

residue redissolved in 1 0  ml. o f analar grade 

chloroform). The glycoside was eluted out with 

chloroform (an a la r). Since MW had been shown to 

contain a single glycoside the eluate was not 

collected in seoarate fraction s . The combined 

cluates were combined with DSK3 (since they had been 

shown to contain the same glycoside as DSK3).

The re la t iv e  in tensities  o f the pink spots with 

Kcdde reagent suggested that the glycoside with an 

Rf value of 0.25 (using benzene-methanol 9:1 as the
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mobile phase on aluraina)was predominat in PE .

This was followed by the glycoside with Rf 

value o f 0.5, the one showing an Rf value o f 0.09 

appearing in trace amounts only. Further attempts 

were made to separate the glycosides of fractions 

DSKl, DSK2 and DSK3 was subsequently examined.

Further separation o f the glycosides of DSK1,

DSK2 and examination o f DSK3

DSKl

Attempts were made to separate the two glycosides 

contained in DSKl. A column chromatographic procedure 

was carried out in the same way as previously described 

(see "separation o f the glycosides o f PE"). I t  was 

hoped that the glycoside with an Rf value o f 0.50 

could probably be recovered in reasonable amounts, 

free from the glycoside with an Rf value o f 0.69.

The la tte r  had been shown to occur in trace amounts 

only, (see "separation o f the glycosides o f PE by 

column chromatography") so that recovery o f this glycoside 

reasonable amounts was considered extremely d i f f ic u lt .

DSK2

This fraction  had been shown to contain two 

glycosides, the one with an Rf value of 0.25 (Table 0)

being predominant
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The gLycoside with Rf value o f 0.5 occured in 

this fraction  in  trace amounts only* so that recovery 

o f the la tte r  on a preparatory scale from this 

fraction would be d i f f ic u lt .  Attempts were however made 

to separate the two glycosides by preparatory TLC. 

Precoated alumina (Art 571" Aluminium oxide 60 

F254) 20 :: 20 cm plates o f 0.25 rara thickness were 

used, A preliminary extraction o f the fluorescein 

incorporated p lates with fa ir ly  non polar solvents 

(bencene-chrorofom 7:3) had shown that the 

fluorescein did not dissolve in th is solvent 

combination. (The extracts were examined under UV 

lig h t ).

I t  was therefore concluded that these solvents 

would be suitable fo r  recovering the glycosides free 

from fluorescein a fter separation on these p lates.

DSX3

This fraction  had been shown to contain a single 

glycoside. I t  was evaporated to dryness by means 

o f a rotary evaporator under vacuum at 50°G. The 

colourless crys ta llin e  residue was l e f t  in a 

dessicator overnight. The UV absorption spectrum 

of DSIC3 was subsequently obtained using a Pyc Unicam 

Sp 8000 spectrophotometer,
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RcsuLts of at tempted separation c f  the 
VlycoVidcV of PS id , DSlClj ancf o f  the ' 
spectrophotometrie examination o f DSK3

During the column chromatographic separation 

o f DSK1 glycosides, only su ffic ien t o f the glycoside 

with an Rf value o f 0.5 (using benzene methanol 9:1 

on alunina p la tes ) was recovered for UV analysis. The 

UV absorption spectrum (using a Unican Sp 0000) is  

shown in Fig. 4 . The glycoside with an Rf value 

of 0.69 (see Table C) was not recovered at a l l .  Fraction 

DSX1 was therefore not considered further.

The TL3 preparatory scale separation of the 

glycosides of DSK2 was unsuccessful. This was 

probably due to the amount spotted. Since in any case 

the major conponcnfc o f DSK2 was also the major 

component of DSK3 and the la tte r  was available in  gramme 

quantities, (the dried residue weighed 3.0C2 g) this 

glycoside would be examined in DSK3. DSK2 was 

therefore not further examined and was set aside for 

future reference.

The UV absorption spectrum o f DSK3 is  shown 

in Fig. 5. The small absorption peak with a maximum 

at 275 nn and the in flex ion  at about 211 ma suggested 

some impurities and further attempts were made to

remove these..
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CHAPTER V

PURIFICATION OF PS7.3

I t  has already been mentioned (see Chapter IV) 

that eluants containing large proportions of polar 

solvents dissolved s ign ifican t amounts, o f alumina,

Although highly polar solvents were avoided during 

the column chromatographic separation o f EE 

glycosides, the p oss ib ility  that the eluants used 

(see Table 0) may have dissolved small amounts o f 

alumina could not be ruled out* In further purification  

DSK3 prior to analysis, i t  was important to talce this 

into account* I t  was considered that recrysta llisa tion  

o f DS1C3 from polar solvents would leave the polar 

impurities (including the trace amounts o f alumina 

possibly present) in solution while the largely  non 

polar glycoside (DSX3) c rys ta llis ed  out.

Attempts to recrys ta llisc  the glycoside 

from methanol, ethanol as well as combination o f 

these two solvents fa iled , as the glycoside was too 

soluble in these. Several other solvents were tried  

for recrys ta llisa tion . These included methanol -water 

1:1, 1:2, 1:4, 1:9; methanol-ethanol - water 1:1:S,

2j.2:6, 1:1:1; methanol-ether 1:1, 1:4, 1:9; ethylacctate- 

ether 1:1, 1:4, 1:9; ace tone-e the r 1:1, 1:4, 1:9,

No crystals were obtained with these solvent.' systems,

DSK3 was therefore washed with freshly d is t i l le d  water

to remove any polar impurities and with cyclohexane to 

remove inpurities  less polar than the glycoside.
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The p o ss ib ility  therefore, remained that D5K3 contained 

inpurities with so lu b ility  properties very s im ilar to 

those o f the glycoside.

The nature of the impurity o f impurities in  

DSK3 (suggested by the UV absorption spectrum 

(Fig 5) could not be easily  ascertained.

The choice o f a suitable pu rifica tion  procedure could 

not therefore be rationalised. Various pu rifica tion  

methods were nontheless attempted in the hope 

that some success might be achieved. These 

methods included column chromatography, washing with 

diethyl ether, washing \riLth water, washing with 

dilute soda solution and f in a lly  washing with 

dilute acid. A small sample o f DSK3 was subjected 

to each o f these procedures in the f i r s t  instance.-

Alumina (A rt 1C77 Aluminiumoxide 90 active, 

neutral - Broclaaann garde I )  v/as used as the 

stationary phase fo r  the column chromatographic 

procedure. The column was prepared as previously 

described and the sample, introduced as a chroroformic 

solution into the column was elu ted with chloroform 

(analar grade). The eluate containing glycoside '̂as 

evaporated to dryness on a water bath, and the residue 

examined using a UV Sp 80G0 Unicam spectrophotometer.

D iethylether was used fo r  washing a small

amount o f DSK3.
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The ether washed sample was subsequently dried on a 

water bath and examined using a U7 Sp C000 Unican 

spo c tropho tone te r *

Freshly d is t i l le d  water v;as used fo r  washing 

a snail amount o f DSK3. The sample so treated 

was examined fo r  UV asborption using a UV Sp C000 

Unicara Spectrophotometer. Soda solution 211 was 

used fo r  washing a snail sample o f DSK3, The 

alhali washed sample was subsequently rinsed 

thoroughly with freshly d is t i l le d  water prior 

to examination using a Unicara Sp GOOO UV 

spcctropho tome te r »

Dilute sulphuric acid (lI^SO,) o f approximately 

2N. strength was used to wash a small amount o f DSIC3. 

The acid washed sample was rinsed thoroughly 

with freshly d is t i l le d  water p r io r  to examination 

using a Unicara Sp C000 spectrophotometer.

Results of attempted pu rifica tion  o f DSK3

Passing a sample o f DSK3 through an alumina 

column did not make any d ifference to the appearance 

o f the UV spectrum. This method did not therefore 

succeed in removing the impurity or impurities as 

the peak at 275 rim and in flex ion  at 211 nra were 

s t i l l  present.
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Washing a sample o f DSK3 with ether'made 

a considerable difference to the spectrum of 

DSK3. Whereas the small absorption peak at 

275 nm was s t i l l  evident with the ether washed 

sample, the in flex ion  at about 2 1 1  nm disappeared 

conpletcly. I t  was therefore apparent that the 

impurity responsible for this feature had been 

removed by the ether. The en tire  UV/visible 

spectrum of the ether washed DSK3 is  shown in 

Firs 6 .

- . . .

Washing a sample of DSK3 with freshly d is t i l le d  

water did not make any d ifference to the

appearance o f the UV absorption spectrum o f DSK3. Neither 

o f the two features (in flex ion  at 2 1 1  nm and the 

small absorption peak at 275 nm) was affected

s ign ifican tly .

Washing a BSK3 sample with dilute soda solution 

(Na^OO )̂ did not a ffec t the UV absorption spectrum.

The in flex ion  at 211 nn and the small absorption 

peak at 275 nm were s t i l l  evident in the spectrum 

of the a lka li washed sample (see F ig . 6 ) .

The UV spectrum of the acid washed sample o f

DSK3 showed some considerable d ifferen ce . Whereas

the small absorption peak at 275 nm was apparently

unaffected, the in flex ion  at 2 1 1  nm was considerably 

amplified.



In order to double check this a sanple o f the 

ether washed DSK3 (which showed no in flex ion  

at 2 1 1  nn) was washed with acid (d ilu te  H^SO )̂ 

and a fte r  washing with d is t i l le d  water, the UV 

absorption spectrum obtained, (see F ig. g ) ,

The acid washing procedure apparently a ffected  the 

sample in some way, thereby contributing to the 

formation o f the entity (in pu rity ) responsible 

for the in flex ion  at 2 1 1  na.

Since none o f the foregoing procedures 

affected the small absorption peak at 275 nn, 

an explanation fo r the presence o f this feature 

had to be sought. I t  was considered a 

poss ib ility  that this phenomenon may have 

resulted from an inpurity formed during prolonged 

heating o f the material in the presence o f water 

in the extraction purification  stages.

In order to test this hypothesis a small 

amount o f DSK3 (ether washed) was placed in an 

evaporating dish (porcela in ). Twenty m i l l i l i t r e s  

o f d is t i l le d  water were added and the material boiled 

vigoroughly in  water over a heating mantle. This 

heating was continued fo r  one hour, making sure 

that the material was a l l  the time suspended in 

water to avoid charring.
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The sample was then examined fo r  absorption 

using a Unicam Sp G000 spectrophotometer*

The UV spectrum o f the sample subjected 

to the above vigorous treatment did not show any 

differences from that o f the ether washed DSK3.

Of a ll the purification  procedures attempted, 

only the one o f washing DSK3 with die thy le  the r was 

found to be e f fe c t iv e ,  at least p a rtia lly  in that 

i t  removed the impurity responsible for the 

in flexion  at 2 1 1  nm.

The bulk o f DSK3 was therefore subjected to 

this washing. The ether washed material was 

dried over a water bath, and stored in a 

dessicator (containing s e lf indicating s i l ic a  g e l )  

for dehydration. A ll attempts to remove the 

raaterial responsible for the absorption peak at 

275 nn had fa ile d  and no further a t t e s ts  were 

made to remove th is .

Approximately 3.052 g o f pure material 

(DSK_) was recovered from 4 kg o f the dried powdered 

tuber DSIC3 was subsequently analysed.
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CHAPTER VI 

ANALYSIS OF DSK3

The physical/chemical properties of DSK3 

were investigated.- This investigation  en ta iled  the 

determination o f  IR absorption characteristics; 

the melting poin t, a TLC comparison with 

authentic cardiac glycosides,, The IR spectra o f 

reference cardiac glycosides, somalin, echujin

and ouabain were also obtained fo r  comparison.
13

The results o f element analysis and C NIiR spectral 

analysis were also obtained,,

The so lid  phase (KB* d isc) IR spectrum of 

a thoroughly dried sample of DSK3 was obtained 

in a manner previously described (28 ). A Unicara Sp 

0000 spectrophotometer was used. The spectrum 

obtained is  shown in F ig . 7 ,

The melting point o f DSK3 was obtained by 

both the cappillary method (a galenkanp melting 

point apparatus was used) and the hot stage 

microscope method. This was found to be about 

13C-140°C. That the compound (DSK3) melted over a 

narrow temperature range suggested that i t  was 

reasonably pure.

Precoated alumina 20 x 20 cm plates o f 0.25 urn

thickness (Art 5715 DC Fertigp la tten  Aluminium oxide

60 F254 Type E made by Merck) were used fo r  the TLC 

examination.
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Authentic cardiac glycosides digoxin ouabain, 

sonalin, echujin were used for.ecfyrenGe- purposes* 

f^ jrified  ethereal extract (PE) was also 

spotted' along with DSK3 and the reference 

glycosides on one o f the p la tes . Several solvent 

systems - benzene -ethanol 7:1; ethylacetate - ethanol 

8:2; benzene - ethanol 6:4; benzene-tiethanol 9:1 

were used for devclpping d iffe ren t TLC plates.

The developed chromatograms were examined 

.yader UV J-ight,  ̂ and also by spraying with 

Kedde reagent.

The results o f the TLC examination are 

presented in Table 9.

The Rf value o f DSIC3 was in a l l  cases higher 

than those o f both digoxin and ouabain, but lower 

than those o f soraalin and echujin.

The so lid  phase (KBr d isc) IR spectra of 

reference cardiac glycosides 9onalin, echujin were 

obtained in the raanner previously described 

using a Unicara Sp 8000 spectrophotometer.

The IR spectra of the reference compounds o f 

somalin, echujin, are shown in F igs: 8 & 9 

respective ly .

neither o f the two spectra (o f somalin and 

echujin) was superiraposable with the spectrum o f

DSK3



The IK spectrum o f a polystyrene film  was 

run using the same instrument. This reference 

spectrum was fo r  finding the actual position o f 

the peaks o f the test m aterial, since the positions 

o f the pc ales o f the reference spectrum are known.

The spectrum o f  the polystyrene film  did not show 

any sh ift  in expected peak positions.

The clement analysis was carried out by 

Butterworth llicroanely t ic a l Consultancy Ltd. o f 

England (B11A.C), and also by Pharm. Inst. Eths. 

o f Switzerland. The reported data (see Table 10) 

were in close agreement.

The molecular weight was determined by B11A.C 

o f England using chloroform as the solvent and was 

found to be 739.

13
The C 1TMR spectral analysis was carried out 

by B1IA.C. The resu lts are shown in Table 11. This 

analysis was carried out with the material dissolved 

in dcutcrochlorofom (CDC1,) using Tetramethy 1 silane 

(TIB) as the internal standard-

The empirical formula calculated using the

clement analysis was found to be
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The molecular weight was then used to determine the molecular 

formula thus:-

( C3H5°1)n = 739 

57n = 739 

n = 13

^C3H5°1^13= 739

The molecular formula becomes C^gH^O-^

13
Number o f  Carbon atoms in the DSK3 molecule from C NMR data:

The two element analyt ical data independently obtained from

two d i f fe ren t  sources (Table 10) indicated that the DSK3 molecule
13

contained 39 carbon atoms. The C NMR data was obtained f o r  the 

purpose o f  confirming or negating the evidence, as presented by 

element analyt ica l data, f o r  the molecular formula ^gHg^O^

The 13C NMR data is shown in Table I I .  The peaks at 75.6424,

77.0497 and 78.4570 ppm were due to  the solvent deuterochloroform

(CDCl-j) and may be disregarded. The peak at 0.0000 ppm was due

to  the Internal standard tetramethylsi lane (TMS) and serves only

as a reference'. I t  was evident there fo re ,  that the relevant peaks

as regards the DSK3 carbon atoms were 30 in number.

The question to  be answered then was whether or  not these 30

peaks were reconcilab le  with the 39 carbon atoms indicated by

element analyt ica l data. In the event that the answer had been in

the negative, then the accuracy o f  the element analyt ical data and/ 
13

or  the C NMR data would have been questionable.

I t  must, however, be emphasised that the close agreement o f  

the two element analyt ica l data from two d i f f e r en t  laboratories 

strongly suggested the r e l i a b i l i t y  o f  these f o r  molecular formula 

derivation.
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The manner in which the 30 peaks may represent the 39 

carbon atoms, and thereby confirming the molecular formula 

C39H65°13 is  su99ested in the "Discussion".
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CHAPTER 71I

METHODS OF ESTII1ATI1IG DSIC3 

UV/VISIBLE SPECTROSCOPY

The s u ita b ility  o f IT//visible spectroscopy fo r  

ttu. estimation o f DSIC3 was investigated. Methods 

investigated were those involving: -

A. The use o f the UV absorption at 217 nn due to 

thc<^ p unsaturated lactone ring.

B. The use o f  the v is ib le  absorption at 620 ma 

doe to the coloured complex given by reaction 

o f DSK3 with alkaline raetadinitrobenzene 

(3:5 DNB) .

C. The use o f the v is ib le  absorption at 550 nra 

due to the coloured complex given by reaction 

o f DSIC3 with alkaline metadinitrobenzoic acid 

(3:5 D1!BA) .

A. Using the absorption peak at 217 na.

The relationship between the concentration o f 

DSIC and the absorbance at ^ na:c 217 nm was
/

investigated. Approximately 3 mg o f DSK3 was 

accurately weighed using a Sartoriue m icroanalytical 

balance. The weighed quanitty was disolved in 50 nl 

o f 957. ethanol .(pronelysis) so that the resu lting 

solution contained 0.0067. w/v o f DSK3.
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Into each o f 5 thoroughly cleaned graduated flasks 

with ground glass stoppers, d iffe ren t volumes o f 

0.006% w/v solution were pippotted accurately. The 

flasks were lab e lled  1, 2, 3, 4, 5 and the volute 

o f the contents o f each flask  made upto 5  ral with 

95% ethanol. The solutions o f DSIC3 thus prepared were 

examined for absorbance, using a Unican Sp C000 IT/ 

spcctropho tone te r  against 95% ethanol in the reference 

c e l l .

A complete spectrum (UV/visible range) was 

obtained for each concentration o f DSK3, and a l l  

the spectra were run on the sane paper,

A graph o f absorbance (Ordinate) against 

concentration o f  DSK3 (Abcissa) was then p lotted .

The volume o f 0.006% w/v solution o f DSK3 

added to each o f the 5 flasks, the fina l concentration 

o f DSKJ in each flask  and absorbance at 217 nm arc 

shown in Table 12.

The graph o f absorbance versus concentration 

o f DSK3 is  shown in F ig. 11.

The graph obtained was a stra igh t lin e  but does 

not pass through the o rig in .

Calculation o f the e }7° for DSK.3

Using the data for flask number 4 (Table 12 );-
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A DSK3 concentration o f 0.0024% 

gave an absorbance o f 0.63.

. . Absorbance o f a 1% solution o f DSK3,

_  . . . 0.63would be -------  = 262.5
0.0024

EY/o for DSK3 = 262.5leu  .........

Calculation o f the molar extinction  

coe ffic ien t (£ ) o f DSK3

1%The  ̂ is  related to the molar extinction  

coe ffic ien t ( {. )  by the expression

1 0  £ =  “  a o l. wt. ( 2 C),

The molecular weight of DSK3 was found

to be 739 (BiiAC).

Thus 10 £

10 i

„17. .E, x mol.. wt. len

262.5 x 739 

19,390.75 

1.94 x 10A

Log t  =  4.2070

B. Usinrv the absorption at 620 nra (due to 

fcomplcx with alkaline 3.5 dinitrobencene)

A 0.1% w/v stock solution o f DSK3 in 957. 

ethanol was used in this experiment. Four thoroughly 

cleaned test tubes with ground glass stoppers were 

labelled 1, 2, 3 and 4. Two m i l l i l i t r e s  o f freshly 

prepared Raymond reagent were pippotted into each of 

the four tubes.
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This was followed by the addition o f 0.25, 0.50, 0.75 and 

1.0 m i l l i l i t r e s  o f the 0.1. w/v o f  DSIC into tubes No. 1,

2, 3 and 4 respective ly . The contents o f each tube 

were subsequently made up to P m i l l i l i t r e s  with 957. 

ethanol. A ll the four test tubes were placed in an 

icc/salt cooling mixture and l e f t  fo r  2 0  minutes fo r 

cooling and temperature equ ilib ra tion .

Tube No. 1 was then removed from the cooling mixture 

and the volume quickly made upto 1 0  m il l i l i t r e s  with 107. 

sodium hydroxidc (fresh ly prepared). A fter shaking to 

ensure complctc mising o f tube No. 1 contents, the 

absorbance at 620 nm was determined using an SP C000 

Unicam spectrophotometer. A second absorbance value was 

read approximately one minute a fte r  the f i r s t  reading.

Tubes Mo. 2, 3 and 4 were treated in the same way 

as tube Ho. 1 and the two absorbance readings obtained in 

the same way, using the same instrument. The data and 

results fo r  th is experiment are shown in Table 13 

Graphs o f absrobanccs (ordinate) versus the 

concentration o f  DSK3 (volumes o f 0.1% w/v o f DSIC3) 

fo r  the two sets o f readings were plotted and are shown 

in Fig. 12

These graphs were straight lin es  through the orig in . 

The graph obtained from the second set of absorbance 

readings had higher slope than that obtained from the f i r s t  

set of absorbance readings. Complete spectra (UV/visible) 

obtained with the contents o f the four tubes showed
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absorption peaks (v is ib le  region) which were not 

syn retrica l.

1%The based on the results o f the experiment

visin'; alkaline 3:5 (fini t'robenzene. ...........

Since the absorbance o f the coloured corbie:.

17<>faded with time, the E, ° was calculated using thelea  °

two sets o f absorbances. The f i r s t  set o f the 

absorbance readings had been taken immediately a fte r  

the addition o f 107, NaOH to the contents o f each tube 

and shaking. The second set o f readings had each been 

taken appropriately one rainute a fte r  the corresponding 

f ir s t  readings.

Calculation using the f i r s t  reading result 
(absorbance) fo r  tube Ho.. 4.

The f i r s t  concentration o f DSIC3 in Tube Ho. 4

was 0.01%, Thus, a DSK3 concentration of 0*017. w/v

gave an absorbance o f 1 . 0 ,

. A 1% w/v solution of DSK2 would give an

1absorbance o f

E »leu

0.01 =  100

=  100

Using the second absorbance reading fo r tube Ho, 4 

A DSIC3 concentration o f 0.017, v/v gave an 

absorbance o f 1.3.

A 17. w/v solution o f DSK3 would give an

absorbance o f  :

,17.

1.3
0.01 = 130

E^c calculated fron the second reading = 130.
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1%The value o f E. calculated from the f i r s t  I cm

reading o f absorbance was found to be considerably 

d ifferen t (low er) than that calculated from the 

absrobanco reading taken about 1 minute a fte r the 

f i r s t  reading.

The second set of absorbance readings 

Table 13 were higher than the f i r s t  set.

The molar extinction  c o e ffic ien t calculated
from the higher value o f E. ’ ._____ 1. cm

1 0  C  — E?- 4  x molecular weight ( 2 C)Jem

10 = 130 z 739

10 £_ = 9.6 x 104

= 9.6 x 103

Lon 1  -  3.9C23

1 %The log£ value calculated from the E. ° from thei cm

f ir s t  set o f absorbance readings would be lower. This-  / ■

defforence in lo g£  values obtained at, d iffe ren t tiiacs 

a fter nixing the reactants illu s tra te s  the need to 

specify the experimental conditions when giving the 

results (See "d iscussion ").
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Q, Usin^ a lkaline 3:5 dinitrobenzoic acid

The same 0.17. w/v stock solution o f DSK3 

used in the previous experiment was used for the 

present determinationc The cirperiraent was carried  

out with the reaction mixture at room temperature*

Into each o f 5 thoroughly cleaned, numbered 

ground glass stoppered . tubes, 4 m il l i l i t r e s  

of freshly prepared Keddc reagent was pippotted.

This was followed by the addition o f 5.75, 5.5C,

5.25, 5.0 and 4.75 m il l i l i t r e s  o f 507. methanol 

into tubes 1, 2, 3, 4 and 5 respective ly .

The contents o f tube No. 1 were then made up to 

10 m il l i l i t r e s  with the 0.17. w/v o f DSK3 solution. 

The mixture was thoroughly shaken to ensure 

complete mixing. A stop clock was used and the 

absorbance o f the solution determined using an 

Sp 800 Unicam spectrophotometer. The complete 

spectrum (UV/visible) was run starting two minutes 

after the addition of the glycoside solution.

The contents o f tubes Mo. 2, 3, 4 and 5 were 

treated in a sim ilar manner and the absorption 

spectra obtained using the same instrument, and on 

the sane paper. The time in terva l between addition 

o f glycoside solution and the spectral scan was kept 

constant throughout the experiment.
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A blank solution was prepared in the sane 

manner as the mixture in tube No. 1 except that the 

glycoside (DSK3) was omitted. The volume of the 

blank was made up to 10 m i l l i l i t r e s  with 957. 

ethanol and the complete absorption spectrum 

obtained using the same spectrophotometer as before 

against 95% ethanol in the reference c e l l .  This 

blank was necessary since the absorption spectra 

the d iffe ren t glycoside concentrations were run 

using 957. ethanol as the reference.

The data and results o f the experiment 

arc summarised in Table 14„ A.graph of

< • >

absorbance (ord inate) dgainst DSK.3 concentration 

(abcissa) is  shown in F ig . 1' .

The complete absorption spectra showed symmetrical 

a sorption peaks max 530 nm/ Tin. graph of 

aosorbance against concentration o f DSK3 showed a 

straight lin e  through the o r ig in . The calculated 

1%value o f E, ’  using the data obtained was found to beJL cm
91.

~ *
Molecular extinction  c o e ffic ien t  

(1
10 £ = E, "  x molecular weight (26)^ 1 cm

= 6.7 x 103

Log c = 3.C261.
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CHAPTER V I I I

A PRELIMINARY IIRTJSTIGATION OF THE 
PHARMACOLOGICAL EFFECTS OF DSK3 OIT '
EOTH INTACT AND ISCLATED MAMMALIAN 
PRE PAP-ATIONS i

Three preparations were used for th is 

investigation:

A) The anaesthetised ra t preparation,

Q) The anaesthetised cat preparation,

C) The iso la ted  perfused rabbit heart preparation*

^*c-Jjnac£-th£fiscd rat o-reBnration.

Adult rats  (200-300g) were anaesthetised with 

a 257. w/v aqueous solution o f urethane*

An intraperitoneal in jection  o f 0.3 nl/lOOg was 

given.

The trachea, conraon carotid  artery and external 

jugular vein were exposed and cannulated according 

to the method described by Mcleod e l al (30 ).

The a r te r ia l cannula was connected to a 

condon blood pressure manometer, and drug in jections 

were given through the venous cannula.

In jections o f adrenalin, 10% v/v ethanol 0.01% 

w/v ouabain and 0.057. w/v o f DSK3 were given 

intravenously and the e ffe c ts  noted. Several rats 

were used fo r  th is investigation .
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Typical data showing the doecs given and the 

responses obtained arc shown in  Table 15

Adrenalin showed a transient pressor e f fe c t  

on this preparation.

The solvent (107. v/v ethanol) showed a 

transient blood pressure lowering e f fe c t  followed 

by a quick recovery.

Ouabain showed an in it ia l  blood pressure 

fa l l ,  followed by a sustained pressor e f fe c t .

The test material (DSIC3) showed a gradual 

but sustained r ise  in blood pressure in th is 

preparation.

2. The anaesthetised cat

An adult cat (2,75 kg weight) was 

preanaesthetised with ether in a anaesthetising 

closed cage. The anaesthesia was then maintained 

by an in traperitoncal in jection  o f a 17. chloralose ( 9 )  

solution in normal saline at 40°C. I f  the 

anaesthetic is  cooled below this temperature p rior 

to in jection, the chloralose p recip ita tes out as 

i t  is  not very soluble in normal saline.
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The animal was subsequently placed on a 

warm operating table and the femoral artery and 

femoral vein cannulated by the cethod-described by 

Mcleod c t  a l (30 ). This canrni ation was done 

a fter cannulating the trachea so that a r t i f i c ia l  

respiration could be given whenever the need arose 

The femoral artery was cannulated vith a Porte:: 

red luer i . v .  cannula (5FGc OD 1.63 mm o f 30cra 

length). The femoral vain was cannulated with 

a green luer Porte:: j . v  cannula (2FG. OD 0.63 ram 

of 30 cm length ).

Heparin was in jected through the venous 

cannula at a dose level o f 1 0 0 0  units/kg to 

minimise the r isk  of c lo tt in g .

The a r te r ia l cannula which had previously 

been f i l l e d  with heparinised saline solution 

was connected through a 3 way tap to a strain 

gauge transducer which was in turn connected 

to a Devices M2R 1I2P recorder.

Balanc»vof the recorder

With the GAIi!, OFFSET A11D FINE BALANCE 

control a ll a t zero reading, the e le c tr ic a lly  

heated writing element o f the recorder was set 

at the middle o f the record chart using the PEN

6-9 )

ZERO control
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Then, with, the RANGE selector knob at 500 

(low s en s it iv ity ) the recorder was sxritched 

from ZERO to BRIDGE and the deflection  o f the 

recorder pen adjusted by means o f the COARSE 

BALANCE control so that no deflection  occurred 

on switching from ZERO to BRIDGE.

This process was repeated fo r higher 

sen s itiv ity  ranges ( i . e .  250, 100, 50, 10), 

the RIME BALANCE control being used at the high 

sen s it iv it ie s  (50-10). U ith this the machine was 

now "balanced" and ready fo r  use.

The recorder pen was subsequently brought to 

rest one b ig square from the end o f the chart 

(zero pressure position ) by means of the PEN ZERO.

The whole o f the balancing process was carried out with 

the three way tap from the transduce^vented to the 

AIR.

Calibration <hf xecprder

The. sen s itiv ity  range used throughout the 

experiment was 250.

Using the three way tap, the transducer was 

vented to a column o f heparinised saline which was 

equivalent to 60 mm Hg. (hydrostatic pressure).

This column was used fo r  ca lib rating the recorder*

as fo llow s :-
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With the heparinised saline f i l l e d  column 

vented to the transducer, and the machine in the 

DAIIPIIIG position , the d e flec tion  o f the recorder 

pen was adjusted by means o f the GAIiT control 

so that the pen was deflected  3 large squares 

from the zero pressure position  by the hydrostatic 

pressure.

Each big square thus represented 20 m  Hg, 

and the recorder was ready fo r  use.

The balanced calibrated recorder was used 

for monitoring cardiovascular changes in the 

anaesthetised cat, a fter venting the transducer 

to the animal (using the 3-vay tan) v ia  the 

arteria l cannula.

The a r te r ia l cannula was flushed with heparinised 

saline to prevent c lo t formation in the cannula.

Using the chart speed se lector Icnob with 

the machine in  the Un-dempcd position , i t  was 

possible to obtain the sys to lic  and d iasto lic  

pressure as w e ll as the heart ra te , ilean pressure 

was obtained with the recorder in  the dampec 

position.

In a ll cases the blood pressure and heart rate 

o f a stab ilised  preparation were recorded as normal 

readings p rior to any drug in jections.
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Experiments were performed to determine a 

suitable dose range for demonstrating the 

cardiovascular e ffe c ts  o f DSK3. The e ffe c ts  o f 

a 17. v/v solution o f propylene g lyco l (PG) in 

normal saline were also investigated so that the 

su itab ility  o f  otherwise of th is solvent (17. v/v PC) 

fo r making in jections o f DS1C3 coulc. be established 

Experiments were also carried out to establish 

the e ffe c ts  o f a typical cardiac glycoside 

(d igox in ), so as to establish the types o f 

responses expected on in jection  o f a cardiac 

glycoside under the experimental conditions.

Having established a suitable dose range fo r  

the best material (DSK3) and also the types of 

responses to be expected a fter in jection  o f a 

typical cardiac glycoside (d ig o x in ), experiments 

were carried out with the test material dissolved 

in 17. propylene glycol w> normal saline. The 

volume o f the intravenous in jections was kept 

constant throughout the experiment, one r o i l l i l i t r e  

being ir je c ted  each time

E::pcrinents were also carried  out using 

anaesthetised cats with experimentally induced, 

heart failure.. The method used fo r  depressing the 

heart wns a fte r  La Carre et a l, described by Cobbin 

e t  al ( 1 0 ) .
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This method involved the intravenous in jection  o f 

a high dose o f  pentxibarbitone sodium (in  the range 

3 - L'0 mg/kg) This depressant was in jected a fte r

the blood pressure - heart rate parameters of 

the preparation had stab ilised . The tes t drug 

(DSK3) was subsequently in jected  intravenously 

(JO - C'O pg/kg dose range) and the cardiovascular 

e ffe c ts  noted. The test drug in jections were 

given while the heart was s t i l l  severely depressed, 

as was evident from the blood pressure - heart rate 

beat amplitude recording.

Rcsults:

Preliminary experiments with anaesthetised 

cats showed that doses o f DSICg approximately 

80 pg/h-g produced a transient r is e  in blood pressure 

Dose leveLs approximately 150 pg/kg were too high, 

as arrythuias produced by such doses culminated in 

the death of the animal. Doses o f DSIC below 

15 pg/kg produced l i t t l e  or no e f fe c ts  on 

preparation, Higher doses (above 15 pg/ ! * 3  but well 

below the tox ic  150 pg/kg) produced some 

cardiovascular responses. An appropriate dose range 

was found to be in the region '.0 - CO pg/kg.

Propylene g lyco l (17. v/v in normal saline) was

found to have no demonstrable e f fe c ts  on the

cardiovascular system of the anaesthetised cat 

preparation.
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This solvent did not therefore s ign ifican tly  

in terfere  with the results obtained with DSX3.

Experiments with digoxin showed that digoxin 

doses below 25 pg/kg showed l i t t l e  or no e f fe c ts  on 

the cardiovascular system of the anaesthetised cat 

preparation. Dose leve ls  between 25 - J5 ug/kg, 

however, produced a s ign ifican t but transient 

rise in blood pressure, as w ell as a s ligh t 

reduction o f the heart rate. The heart beat 

aoplitude was a i»o  increased s ign ifica n tly .

Digoxin dose le ve ls  above 40 pg/kg produced 

arrythnias, the animal dying quickly afterwards.

Typical resu lts of several experiments using 

DSK3 on the anaesthetised cat preparation are shown 

in Table 16 and f ig s . 14, 15 and 16. These resu lts 

showed a transient rise in blood pressure, a 

sign ificant increase in heart beat amplitude and 

a reduction in the heart rate was preceded by an 

in it ia l s ligh t increase so that th is negative 

chronotropic e f fe c t  was sonewti&t delayed in th is 

preparation (sLowing was observed at least 30 minutes 

a fter the test drug in jec tion ). Typical resu lts of 

several experiments with anaesthetised cats with 

experimentally induced heart fa ilu re  are shown in

Table 17 and F igs . 17-1C. The severely depressed 

preparation showed a marked reduction o f both blood 

pressure and heart beat amplitude. Both the blood 

pressure and beat amplitude showed a fa ir ly  rapid and 

dramatic recovery a fter in jection  o f the test material (DSX3).
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G» E ffec ts  o f  D3lw on the iso la ted  perfused 
rabbit heart p r e p a r a t i o n ___________

An iso la ted  rabbit heart was obtained frorm an 

adult rabbit according to the method described by 

McLeod e l al (3 7 ).

The preparation was hooked onto a perfusion 

apparatus and perfused with o:yjenatcd R injer 

Locke solution at 37°C as described by McLeod 

at al (17 ).

A thread was then attached to the ven tr ic le  

(a t the ape::) by aeons o f a hook and connected to 

a strain qau.qe transducer. The responses were 

recorded by Devices M2R and 212? recorder connected 

to die strain jauje transducer.

Heart contraction patterns showing the heart 

ate, beat amplitude as well as the tension 

developed were recorded with th is set up. The 

recorder was, however, not calibrated to £iwc actual 

tension readings so that observations made regardin ' 

die tension developed in the contractin j myocardium were 

merely qu a lita tive , showin0  an increase, a decrease or 

no change,

A preliminary investigation  o f the e f fe c t  o f 

2% v/v propylenejlycol in this preparation did not 

show any demostrablc e ffe c ts  with the amounts o f this 

solvent in jected*
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The actual amount o f solvent investigated in th is 

preliminary te s t  was double that used as solvent for 

the test material in subsequent examinations, 

propylenejlycol at the le ve l used as DSLC3 solvent 

(17. v/v in normal saline) was therefore deemed to 

be a suitable solvent fo r  the water insoluble te s t 

compound

Preliminary experiments showed tliat 

approximately 200 p j o f DSX3 was a suitable dose 

fo r  this "wash out" preparation.

Typical resu lts of several experiments with the 

isolated perfused heart preparation arc shown in 

Table l'T and F i js .  19 and 20.

Since the chart speed was kno\m, the actual 

heart rate a fte r  in jection  of the test material could 

be calculated and compared to the normal readin j.

Any changes in the tension developed were shown by 

either an upward (increased tension) 

or downward (decreased tension) displacement 

o f the contraction pattern.

DSIC3 produced increase in heart beat amplitude, 

tension developed and a lowering o f the heart ra te ,
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DISCUSSION

Preliminary screening o f Adeniura obesun plant 

material fo r cardiac glycosides was carried out 

using both a lkaline 3:5 dinitrobenzene (Raymond 

reagent) and alkaline 3:5 dinitrobenzoic acid 

(Kedde reagent). In both cases coloured complexes 

were formed ( a transient blue colour with 

metadinitrobenzene and a fa ir ly  stable pink 

colour with metadinitrobenzoic ac id ). The reaction 

o f cardiac glycosides with d in itro  and trinitrophenyl 

derivatives is  thought to be due to the presence of 

active methylene (-Q ^ ) BrouPs at C-21. The 

formation o f 1 : 1  complexes is  considered lik e ly  

(64, 52, 63). The solvent in which the test material 

was dissolved was found to be important- This was 

because those solvents (eg . acetone) containing 

ketone groups gave coloured complexes with the 

aromatic polynitrophenyl deriva tives . The Janovsky 

reaction was found in lite ra tu re  (69) as an example 

o f such reactions with ketones.

Cardiac glycosides undergo reactions based on

three d iffe ren t parts o f the molecule, the'Vp

unsaturated lactone ring, the steroidal nucleus and

the sugars moiety. The^jJ unsaturated lactone ring

gives reactions with polynitrophenyl deriva tives, the

steroid nucleus reacts with concentrated acids and

oxidising agents, while the sugar moieties react with

fe rr ic  salts eg . K eller K ilia n i reagent fo r 2 - deoxysugars, 

r r~
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For screening purposes i t  was considered that 
i.ree sugars present in the crude extract would make

the test fo r cardiac glycosides based,on 

sugar moieties unreliab le.

S im ilarly, s te ro id a l, non-glycoflidal impurities would 

also probably have in terfered  with the reaction 

based on the stero id  nucleus. These two reactions 

(based on sugar moieties and steroidal nucleus) 

were therefore considered unsuitable fo r  the 

in it ia l screening o f the plant extract fo r  cardiac 

glycosides. The reaction based on thc^fB 

unsaturated lactone ring would o f course not 

distinguish between glycosides and aglycones, 

but was considered suitable fo r  screening purposes.

Thin layer chromatographic examinations carried  

out suggested that Adcnium dbcsuu contained at 

least four cardiac glycosides.

Lead acetate used fo r  precip ita ting tannins 

and pigments gave satisfactory resu lts. Rowson (?) 
showed that two o f the four stages employed by Keddc 

(70) were superfluous. ICcdde used Ferric Chloride 

to precipitate tannins and removed excess Ferric 

Chloride by p recip ita tion  with Sodium hydro- id e . 

According to Rowson lead acetate precip ita tes not 

only pigments but also tannins.

The solvents employed fo r extracting glycosides 

from the aqueous suspension d iffe rred  in po la rity .



71

Petroleum sp irit,- the least polar o f the solvents 

used ic  a good solvent fo r fa ts , wa::es and resins (15) „ 

The other solvents were used in the order o f 

increasing p o la r ity , and these were ether, 

chloroform and chloroform-alcohol 2 : 1 , Reichstein 

ct a l ( 2 ^) used the same solvents in the same order 

for extracting the glycosides o f Accnium bochmianum 

Schinz and managed to separate most o f the 

glycosides on the basis o f th e ir  p o la r it ie s .

In the present study o f Adenium obesum, only 

fractions A (petroleum ether extract) and D 

(chloroform extract) appeared to contain a single 

glycoside each. Fraction B (th e ethereal ex tract) 

contained three glycosides, showing that the 

differences in so lu b ilit ie s  o f these three 

glycosides were probably not very pronounced. 

A lternative ly , i t  was possible that the aqueous 

suspension contained trace amounts of alcohol, 

the la tte r  possibly a ltering the solvent properties 

of ether. Petroleum other used was shown to 

contain tire least polar o f the glycosides in 

snail but s ign ifican t quantities.

Dilute acid and dilu te a lk a li were used fo r 

washing out basic and acid ic impurities respectively

from fraction  B
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Petroleum s p ir i t  was again used to remove fa ts , waxes 

and resins which were considered to contribute to the 

stichincss o f  fraction  B residue.

Decolourisation o f organic compounds by 

boiling with activated charcoal is  a c lass ica l 

procedure very connonly employed* In the present 

wore, this method fa iled  to decolorise an organic 

(methanolic) solution o f fraction  B. This was 

probably due to the fa c t that the equilibrium for 

the adsorption o f the glycosides and the colouring 

matter onto charcoal, and the desorption into the 

nethanolic phase was heavily in favour o f the la tte r  

process. That both the glycosides and colouring 

matter were adsorbed onto the charcoal from 

aqueous solutions was observed, and attempts to 

elute the glycoside from the charcoal; free from 

the colouring matter fa ile d . This method of 

adsorption o f  glycosides onto charcoal from 

aqueous solutions is employed fo r  removing free  

sugars from glycosides. The charcoal is  washed 

with water, which e f fe c t iv e ly  removes the free  

unadsorbed sugars, the g lycos idc (s ) being 

subsequently eluted from the charcoal by means of 

organic solvents (15 ).

The column chromatographic procedure using 

alumina was found to successfully decolourise

the extract
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The choice o f  eluant was a c r i t ic a l  factor since polar 

solvents were found to elute both the glycosides 

and colourins matter simultaneously from the column* 

iiost o f the colouring matter v/as, however, l e f t  adsorbed 

onto the column when non polar eluants were employed.

That no separation o f the glycosides o f fraction  

B was achieved during the column purification  

procedure was attributed to the short length 

o f the column (50 cm). For e f fe c t iv e ,  separation, 

long columns are usually required, especia lly  when 

the compounds to be separated have closely sim ilar 

properties.

The IR absorption spectrum o f PE (pu rified  ethereal 

extract) showed absorption characteristics typ ical o f 

cardiac glycosides, thus confirming the preliminary 

screening findings that Adcnium o'oeoum contained 

these compounds.

Preliminary TLC comparisons o f PE with the glycosides 

of Aucnium boehmianum Schinz (see Table 6 ) showed that 

two of the glycosides of PE (Rf values 0.61 and 0.55) 

had Rf values very sim ilar to those o f somalin (R f - 0.61) 

and cchujin (R f =  0.56). The th ird  glycoside o f PE 

(Rf = 0.50) had an Rf value d iffe ren t from those o f 

the reference glycosides. A ll the three glycosides o f 

PE were also noted to have Rf values higher that those 

o f ouabain and digoxin suggesting that IE glycosides were 

less polar than both ouabain and digoacin.
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The Rf values of PE glycosides were higher on 

alumina than on s il ic a  Gel, (see Tables 6  and 7) ,

This suggested that PE glycosides were more strongly 

held onto s i l ic a  Gel surfaces than on alumina 

surfaces. The fa c t that both adsorption and 

partition  processes nay have tahen place simultaneouly 

complicates the picture, but the observed d ifference 

noted using these two adsorbents might be explained 

on the basis o f the greater p o la rity  o f s i l ic a  g e l.

tJhcn polar solvents were used to elute the 

solutes (glycosides) from an alumina column, l i t t l e  or 

no separation o f the solutes was achieved. I f  an 

adsorption process is assumed to have the predominant one 

(a partition  process thereby playing an in s ign ifican t 

ro le ), this observation might be explained on the 

basis o f competitive adsorption. The more polar 

solvents would tend to keep the solutes out o f the 

polar adsorption sites on the adsorbent surface, 

so that the solutes would remain almost en tire ly  

in the mobile phase (36 ). Under these conditions, 

l i t t l e  or no separation would occur.

For the column chromatographic separation o f

glycosides, a Stppwisc (fra c t io n a l) elution method

was adopted. This entailed the use of a series

of increasingly more polar solvent combinations as

eluants, as opposed to a simple elution procedure.

The la tte r  method involves the use of a single solvent 

throughout the elution process.
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Attempts to purify the glycoside in the 

eluate fraction  DSK3 by recry s ta l l  isation  from 

various solvents fa ile d . Even though the use 

o f polar eluants had been avoided during the 

separation o f PE glycosides, i t  was considered 

possible that the benzene-chloroform combinations 

used may have dissolved trace amounts o f alumina 

from the column. Such an impurity although 

present in trace amounts might a ffe c t analytica l 

data. I t  was therefore important to try and remove 

this by other methods as recrys ta llisa tion  did 

not succeed. Since the glycoside DSK3 was 

non-polar, the residue from the column was washed 

thoroughly with freshly d is t i l le d  water in the

hope that r e la t iv e ly  more polar impurities (eg .
. _ Lxqvxd. Oi<U

alumina) would be removed. n “ „ ^ oossi'b'c- Mue bo lack.
G Lc.£sO, S7D proce j.«re> not P

oV ppc CiLxhGS •
The UV absorption spectrum of DSIC3 showed 

an absorption maximum at about 217nm. The absorption 

maximum was in  the 215-220 nm range which is 

characteristic o f compounds with the A 'B  unsaturated
(2 g,?/>

carbonyl group.^ This absorption spectrum 

(see f i g .  5  ) showed features thought ;to ;be due

to im purities. For pure cardiac glycosides, the 

absorption peak in the 215-220 nm region is  usually 

symnetrical. The spectrum also usually shows no 

other absorption peaks in both the UV and v is ib le

region
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The in flex ion  at 211 nm and minor absorption at

275 nm in the spectrum o f DSK3 were therefore probably *

due to extraneous natter. The lite ra tu re  survey showed that

Reichstein et_ al_ (23) obtained a UV absorption

spectrum of abobioside with a major absorption

peak at 216 nm ( lo g £  = 4.11) and a minor

absorption peak at 270 rim ( lo g  = 2.57) <

These workers ascribed the minor absorption 

at 270 nm to an inpurity which they id en tified  

as a 16 - anhydro derivative. I t  was not c lear 

whether the minor absorption a t 275 nm in the 

UV spectrum o f DSIC3 could be explained on the same 

lines as that at 270 nm in the spectrum o f 

abobioside obtained by Reichstein e t al (23 ).

I t  was however, noted that the ether washed sample 

of DSK3 no longer showed the in flex ion  at 211 nm.

The exact nature o f  th is inpurity 

could not be ascertained. Washing DSK3 with 

dilute acid solution, however, appeared to 

contribute to the formation o f th is impurity. I t  

was therefore considered l ik e ly  that the in i t ia l  

purification procedure involving-the washing o f the 

ethereal ex tract (fraction  3) with dilute acid 

( 211,H d ) may have contributed to this inpurity.



77

That the atterapted column chromatographic 

purification  did not separate the inpurity 

responsible fo r  shoulder at 2 1 1  nm from the 

glycoside suggested that th is impurity had 

properties c lo se ly  sim ilar to those of the glycoside.

The absorption at 275 nm could not be s a t is fa c to r ily  

explained., but may have been due to an anhvjdro 

derivative. The fact that b o ilin g  DSX3 vigorously 

in water for a long time did not a ffec t this 

minor absorption at 275 nm indicated that this was 

unlikely to have been due to heating during the 

extraction and purification  procedures.

The IR absorption spectrum o f DSK3 (see f i g . 7  . ) 

showed features strongly suggestive of associated 

hydroxyl (OH) groups (broad peak at about 3450 cm L) ŝ ^  

G - H stretch o f  a liphatic structures (strong 

absorption at about 2950 cm ^ ), stretching vibration  

o f an of JJ unsaturated ketone G =  0- (strong absorption 

peak at 1750 cm"1) ;  and an o le f in ic  (-C = H -) 

stretching v ib ration  (weak absorption at 1630 cm 1) .  

These features were consistent with those expected 

for a typical cardiac glycoside. The finger p rin t 

region (about 1400 - 600 cm 1) is  usually more } 

complicated and no attempt was made to assign the
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This region is  said to be characteristic  of each 

molecular species and is  consaonly used fo r 

identifying compounds by matching the spectra 

o f unknowns with those o f known compounds ( 2 ?,) „

The IR spectra o f the reference glycosides, 

sooalin and echujin were compared with that o f 

DSK3. That neither o f the reference spectra was 

superimposable with the DSK3 spectrum suggested 

that DSIC3 was not identical with either somalin 

or echujin. I t  was also noted that the spectrum 

o f somalin was better, showing sharper and better 

resolved peaks than the spectra o f echujin, and 

DSK3. Since the two compounds echujin and DSIC3 

were reasonably pure (the former was a reference 

compound kindly donated by Professor Christian 

Tamm of Basle University and the sharp melting 

point o f the la tte r  13C-140°C suggested its  

purity) an e::planation o f their re la t iv e ly  poor 

spectra was ca lled  fo r . The molecular weights o f these

three compounds are somalin =‘ 51C; echujin = 842 9 5 ; ; 

DSIw = 739. I t  becomes apparent that the molecular

weight o f somalin is  considerably lower than those

o f echujin and DSK3. According to Dyer (28) materials

o f high molecular weight that contain many d iffe ren t

funtional groups generally g ive poor spectra^

I
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I t  is  therefore possible that the re la tiv e ly  poor 

appearance o f the spectra o f echujin and DSK3 

may be e>:plained on the basis o f  their re la t iv e ly  

high molecular weights,

A comparison o f the physical/chemical 

characteristics o f DSK3, digoxin and ouabain 

by TLG showed that DSK3 was less polar than both 

these glycosides which are in c lin ica l use- 

Knowledge o f the physical/chemical characteristics would 

enable predictions to be made regarding the absorption, 

distribution and metabolism o f the test m ateria l.

The low po larity  o f DSIC3 suggests that th is material 

would probably be well absorbed from the g«stro 

in testinal tra c t (although absorption may be lim ited  

by the low so lu b ility  in w ater)«. Once in the plasma, 

DS1C3 would probably be fa ir ly  widely distributed in 

various body "  compartments" and also probably have 

a fa ir ly  long b io log ica l half l i f e .

The element analytical data obtained by the two 

laboratories (BMAC o f England and Phar In s t. Ethz o f 

Switzerland) were in close agreement. These analytical

data as well as thecmolecular weight YfeSult obtained 

by B11AC showed that DSK3 f i t t e d  tha molecular

fO M ,U  039“ 65°13-
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The C NMR spectrum showed 30 peaks due to DSK3 carbon 

atoms. The high in ten s ity  peaks in the region 75-79 ppm 

were due to CDCl  ̂ Hoi 1 stein e t  al_ (6 5 ) ;  Wandiga (79)

A l l  the 39 carbons required by the formula C^g HggO-^page 

49) were re f le c ted  in the 30 re levant peaks which were there

fo re ,  by im plica tion , and as evidenced by the w idely d i f fe r e n t  

peak integrals and hights, qu a n t ita t iv e ly  non-equivalent.

On the basis o f  the work o f  H o lls te in  e t  al_ (6 5 ) ,

Roberts e t  al (66, 67) as well as personal communication

with Wandiga (79) and Kofi (80 ),  the fo llow ing in terpreta tion  was

made.

Addition o f  a l l  integral values (Table I I )  fo r  the 30 

relevant peaks gave a total o f  4314. Dividing th is  f igu re  by the 

expected 39 carbons gave an average integral value o f  111. This 

la t t e r  figure would approximate to the theoretica l in tegra l 

value for  single carbon resonance, assuming the absence o f  s p l i t t in g  

and overlap phenomena.

I t  was noted, however, that in tegra l values f o r  single 

carbon resonance may be lower or higher than the theoretica l 

f igu re  o f 111 due to  the related phenomena o f  s p l i t t in g  and 

overlap respec t ive ly .  Be that as i t  may, the fo l low ing  peaks 

on account o f  th e ir  in ten s ity ,  were considered to be due to

13

the stated No. o f  carbon atoms.

Delta ppm INTEGRAL CALCULATED NO. OF CARBONS

1. 85.5522 272

(INTEGRAL/111) 

2
2. 74.7629 354 3

3. 74.0592 219 2
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4. 30.1983 216 2
5. 26.6214 375 3
6. 21.1681 361 3

The remaining 24
Total

13C Nm peaks were
J5__  Carbon Atomt

each considered to re fle c t
single carbon resonance, so that IS ♦ 24* 39 gave the required 
no. o f  carbon fo r  the molecular formula C3<jHg50-|3 hold

The assignment o f  particular carbon to particular resonance 
peaks and the elucidation o f  the sp litt in g  and overlap pheno
mena was otherwise beyond the scope o f  the present work.

The UV absorption maximum at about 217 nm was found to be 
suitable fo r  quantitative work. The graph o f  absorbance at 217 
nm against the concentration o f  DSK3 showed that fo r  practical 
purposes, Beers Law was obeyed.

There was however, a small but f in ite  intercept on the y 
axis probably due to Instrument In sta b ility  at th is  low wave
length. The e f fe c t  o f  this was to  Increase the absorbance values 
by a constant value throughout. The Ej£m value calculated from 
the data obtained at 217 nm was 262.5 (logE- 4 .2 8 ). According 
to H1guch1 et al^ (72 ), a ll glycosides and aglycones possessing 
the characteristic °Cp unsaturated butenollde ring absorb 
between 215-200 nm. and this absorption may be used for analytical 
purposes. Canback (68) showed that the Log E o f th is  absorption 
is  about 4.2  so that the value obtained for DSK3 was consistent 
with this litera tu re  value.

The graph o f  absorbance against concentration o f  DSK3 
using the data fo r  the colour reaction with alkaline 3.5 
d1nitrobenzene showed that Beers Law was obeyed.
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The concentration range o f DSK2 investigated

was 0„0025 - 0.01%.'^.This reaction has been

found by several workers among them Rowson (P ) ,

Co:: e t  al (5 2 ), Canback ( 6 C), Raymond (72) and Hassall

et al (75) to be suitable fo r  the quantitative

determination o f cardiac glycosides The resu lts

obtained in the present work confirmed the findings

of the said, previous research workers. According

to Rowson (P ) the blue colour fades rapidly but

logarithm ically with time and shows an absorption

maximum in the v is ib le  region at about 620 nnu

17On account o f  this in s ta b ility , the and log

values calculated from the data were found to be 

time dependent.

The experimental conditions would therefore 

have to be defined very p rec ise ly  in order to make 

the results meaningful.

An investigation  o f the relationship between 

the absorbance o f the coloured complex formed by the 

reaction between alkaline metadinitrobenzoic acid 

and DS:;:, and the concentration o f DS1C3 shoved .that 

Jeers Law was obeyed. (DSK3 concentration range was 

0.0025 - 0.01257. w/v). This reaction is  termed 

the ,rKeddefeactiorf' and is  based on the same 

principle as the Raymond re action (reaction o f glycoside 

vith  alkaline metadinitrobenzene).
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The i.Ceddc reaction was described by Harkis e t  al

(52) Pratt (76) and Tattje  (77)., Canbaclc ( 6 C)

describee the ICcdde reaction as a modification

of the Raymond reaction, Rowson ( " )  found that

the colour density increased up to 1 2  minutes and

faded progressively upto 75 minutes.. In  the

present study, the absorbance readings a t 530 nm

were obtained 2  minutes a fte r mixing at which

time in view o f Rowsons findings, the maximum density

had not been obtained. Since however, the ob ject

of the exercise in the present work was to merely

investigate the relationship between the

absorbance and the concentration o f DSIC3, i t  was

not necessary to ensure that the maximum density

was achieved.. The c r it ic a l fa c to r  in th is case was

the standardisation of the time in terval between the

mixing o f the reactants and the time o f talcing the

absorbance readings throughout the experiment- The 

1 %lower value E. ° obtained from these results is  lem

evidently explained on the basis that maximum

colour densities were not achieved at the time o f

reading the Absorbance values oX.
d : d : dest^ibtdi otUzr ^vlouv rtctiftovis .

The quantitation o f the to ta l glycosides o f

Adenium o be sum and also o f the pare isolated (DSK3)

posed considerable problems<,£1" rYla.Wra.io eb used
botln Cotoun vnetnc CLnd. b  ■ oLocjic:a,L /YiekUodi 
CaS io-y o f Co^rdzmoiides o\ Cei-benn. OcloU.(X\™
"  G>ae-r t*o ’ )  3
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This was mainly due to the very s ign ifican t 

losses o f material during the extraction , and 

purification  processes involved^ During a typ ica l 

extraction, however, 1 leg, o f the dried powder 

(tuber) y ie lded  1C. 6  g. o f crude glycoside ex tract. 

This crude extract yielded, upon separation and 

purification , 0.963 g. o f reasonably pure DSK3.

Because o f the said losses during processing, 

the mount of DSK3 recovered may have been less 

than 507. of the actual araount present in the tuber.

Intravenous injections o f DSK3 produced a 

sustained rise in blood pressure in the 

anaesthotised ra t. A sim ilar response was recorded 

with anaesthetised cat preparations, along with 

increased beat amplitude (s ign ify in g  a pos itive  

inotropic e f fe c t )  and a negative chronotropic e f fe c t .  

Both the inotropic and chronotropic responses were 

also observed with the iso la ted  perfused rabbit 

heart preparation. The beat amplitude and blood 

pressure of anaesthetised cats with severely depressed 

hearts showed a fa ir ly  rapid and remarkable recovery 

a fter intravenous in jection  o f DSK3. 

ilo such recovery was noted when the animals with 

severely depressed hearts were e ith er given control 

IV in jections o f  normal saline, or l e f t  alone over 

a considerable period . ,.
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That DSIC produced this recovery showed according 

to the findings o f La Barre e t  el_ (10) that th is  

material had cardiac stimulant a c t iv it y . ( 2 -2.)

Kumar e t a l (31) reported an increase in the

peripheral resistances increased aortic  pressure

and decreased cardiac output, observed a fte r

IV in jections o f acetyl strophanthidin in

anaesthetised dogs with normal hearts. Vatner

c t c l (7C) reported a transient bradycardia,

and a sustained rise in a r te r ia l pressure in

conscious dogs. Systemic resistances were elevated

within one minute and remained elevated fo r  DO

minutes. Anaesthetised preparations were noted by

/atner ct _al to show sim ilar but more pronounced

responses. These workers ascribed the pressor e f fe c t

to a d irect vasoconstrictor action o f 'cardiac
Css)

glycosides on blood vessels.^ The increase in peripheral 

resistance has also been reporte'd hy other workers 

among them Higgins et al  ̂ (39), Goodman and Gillman(12). 

The la tte r  attributed part o f the pressor e f fe c t  to a 

central re flex  action. In the present study, the 

e ffe c ts  o f DSK3 on anaesthetised rats, anaesthetised 

cats and isolated  perfused rabbit heart preparations

agreed well with those reported in litera tu re fo r
(4o,ui>

cardiac glycosides. These resu lts therefore confirmed 
A

the previous screening and subsequent analytical findings 

that DSK3 was a d ig ita lis  type o f  cardiac glycoside.
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COIICLUSIOH

The aim o f the present work was (a ) to find 

out the number o f glycosides in Adenium obesum 

plant m aterial, (b ) to try and iso la te  one or 

more o f these glycosides in pure form, (c ) to 

attempt to characterise the pure iso la tes 

and (d ) to carry out preliminary pharmacological 

screening experiments to confirm the cardiac 

stimulant action of the puce iso la tes .

Of the four glycosides found to be present in 

the plant material only one, DSK3 was iso la ted  in 

pure form. A partia l characterisation o f DSIC3 

was achieved in as much as the typical 

c'ajrdiac glycoside .structure • confirmed,

and a probable molecular formula arrived at. The 

pharmacological screening experiments successfully 

demonstrated that DSK3 had cardiac stimulant 

properties.

The other three glycosides of Adenium obesum 

whose presence was shown by TLC were not iso la ted  

in pure form. Also, the complete characterisation 

of D5X3 was not achieved, since the molecular 

structure o f this material was not arrived a t.

Perhaps the reason why the three glycosides 

were not iso la ted  was due in part to their low 

percentage composition in the plant material.
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This problem would eas ily  be solved by extracting 

larger amounts o f the plant m aterial. Another possible 

reason for the d i f f ic u lt ie s  in  iso la tin g  these three 

glycosides was that these glycosides (o r  at lea s t 

some o f them) occurred in small quantities in too 

many o f the d iffe ren t extract fractions. Recovery 

from any of these fractions was made d i f f ic u l t  by 

the fact that considerable losses were experienced 

during the separation and pu rifica tion  procedures.

A judicious selection o f the extracting solvents 

in order to make these more se lective  would 

probably solve this problem, thereby ensuring 

that each glycoside would be in one solvent or 

solvent combination.

The complete characterisation of DSK3 would

the proton ITmr spectra and possibly a matching 

of the IR spectrum of DSK3 with the spectra o f a 

number o f compounds of sim ilar molecular weights. 

Classical chemical procedures involving the . 

b re ale down o f the molecular fragments (eg . sugars 

obtained by acid hydrolysis o f the glycosid ic 

ether linkages) would also probably have helped 

to establish the molecular structure o f DSK3.

The fa c i l i t i e s  and time ava ilab le , however did 

not allow a l l  these processes to be carried

have required detailed interpretation

out
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A ll that can be said therefore from the data

obtained is  that DSK3 contained the typical

characteristics o f cardiac glycosides,

i*e . anQ^Tp unsaturated lactone ring, a

steroid nucleus, and possibly two sugar

moieties as suggested by the molecular weights

The fa c t that the K e lle r  K illa n i reaction was

negative did not rule out the presence o f sugars,

as th is reaction only works fo r  2  - deoxy sugars

like d igitoxose. The observed cardiac stimulant

e ffe c t  was further evidence fo r  a cardiac glycoside

structure. The physical/chemical characteristics

of DSK3 suggested that the test material was less

polar than digoxin . Since the cardiac stimulant

action was shown to be qu a lita tive ly  sim ilar to that

o f digoxin further research work would be required to

establish the to x ic ity , the absorption, d istribu tion ,

metabolism and suitable dose le v e ls  of DSK3 v is  a v is

the corresponding data fo r  digoxin, The findings

o f such a study would be used to determine the

su itab ility  or otherwise of th is material for use in

congestive heart fa ilu re , the condition fo r which
CM 3 5 )

cardiac glycosides are usually indicated* Subject toA

the comparative data fo r DSK3 being favourable, 

further work would then be necessary to establish 

the supply o f raw material and the economics o f 

o f exploiting th is drug fo r  medical purposes.
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TADLE 1

CARDIOACTIVE GLUCOSIDES II! ARROW AND ORDEAL 
POISONS (AFTER REICHESTEIH)

PLANT FAillLY GLYCOSIDE

Acok anther a "bchinperii

Benth & Hook

Apocynaneae Ouabain

Acokanthera vcnetata G. It Acovenosidc

Don. A, B u C

Adeniura honghel ADC It Honghelin 

Hongheloside 

A & C

Digitalinium  

Veruin

Adeniuta somalense Bal£«£ Iti Somalia

Apocynura eamrabinum L It Cymarin

Cenbera odollam Gaerth It Gerberin

IJeriuni ado rum Sol It Odoroside A-G
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table i coiit;

plaitt ' follLLY GLYCOSIDE

Ilcriura Icandcr L I t Oleandrin
Strophanthus jjratus I t

Ouabain

Strophanthus koubc* 0 1  iv I f Strophanthosi

Tanghinia Venenifera Poir I f

side

Cyiaarol

Tanghinia

- Thevetia peruviana Schurn f f Thcve tin

Thevetia y c co t li DC, f f Thevetin

Urechites Suberccta Hull
Arg I t Urechitin

Urc chito:;in



TABLE 2 SOiJE SPECIES OF AFOCYilACEAE FAMILY 
AND GLYCOSIDES ISOLATED FROM THE Mi

Plant Species Cardiac Glycosides 

Isolated

Adcnium boehnianum Schinz Soma 1 in 

Echujin 

AboBioside 

Digitalinura Vcrum

Adcnium somalcase Sonalin

Adcnium b le ifo lium  Stapf Somalia

(synonym: Adcnium Luga id ii ) Hongheloside A 

Echujin 

Substance A

Somalia has been reported to be present in a l l  three 

species given in  Table 2, Two o f the three species also 

contain echujin besides somalin and other glycosides 

some o f which have not been id en tified  (c .g . Substance A ).
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TLC EXA1H1JATI0II OF FRACTIONS A, B, C, D USING 
SILICA GEL 3 PLATES (LABORATORY HADE)

TABLE 4

SOLVENT SYSTEli FRACTIOI
'

WO. OF 
SPOTS

Rf VALUES' DEVELCKEITT 

DISTANCE ON

Ethylacctatc -

upthanol 

foraaioide (G5s

A 1 0 <C6 % 15.4

10*5) B 2 0.C7, 0j74

0.32

C 2 0.74, 0.32

D 1 0.32

Benzene:cthanoI 

7:3

A 1 0.95 14

B 3 0.94, 0*79 

0.45

n 2 0.79, 0.45

D I 0.24

iJc thylcnccLlotide- A 1 0.96, 0.T9 14.5

qe thano I - f  omai JLd; B 3 0.96, 0.39 

0.62

COsIOjI C 1 i 0tC9

D 1 0.62
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TABLE 4  0011T..

SOLVEilT SYSTEM FRACTION HO. OF 
SPOTS

Rf VALUES DEVELOPMENT 
DISTANCE CM

Chlorofom - 
oethanol -

foruanide A 1 0.09 14.9

87:12:1 B 3 0.09, 0.71

0.3C

C 1 0.3C, 0.71

D 2 0.30, 0.12

Benzene - 
ethy 1 acetate - A 15

foruanide

00:19:1 B - -

C - -

D - -

Chlorofom - 
methanol - 0E * 4 0.09, 0."1 14.0

foruanide 0 . 6 :;, 0 . 2 1

- '• OE 4 -do-

£5:15:1 OE 4 -do-

OE 4 -do-

*  CE was the o r ig in a l cthanolic extract
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RESULTS OF THE PURIFICATION OF THE ETHER ET "TRACT 
(FRACTION D) USING AN ALUMINA COLUMN

TA3LE 5

eluant FRACTI01 VOLUIE RAYMOND NATURE OF
HO. ML. REACTION RESIDUE".

Benzene - 
dhtofoform 1 1 0 0 positive $traw

coloured

9:1 2 1 0 0 + amorphous

Benzene - 
Chloroform 3 1 0 0 + S traw

C:2
4 : io o +

coloured,

amorphous

Benzene - 5 1 0 0 + Almost
Chloroform

Clourless,
7:3 6 1 0 0 + amorphous

Benzene - 
chloroform 7 1 0 0 Almost

6:4 colourless
nO 1 0 0 + amorphous

Benzene -
Chloroform• -ra 9 1 0 0 + -do-

2:C 1 0 1 0 0 + -do-

i-*i 1 1 1 0 0 + -do-
Chloroform

1 2 1 0 0 + -do-

13 1 0 0 + -do-

14 1 0 0 -
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TLG COMPARISON1 FOF PE .WITH AUTHEIITIC 
GLYCOSIDES, USING PRECOATED SILICA GEL

GF254 PLATES

TABLE 6

SOLVENT SYSTEM SAMPLE IN 
METHANOL

NO. OF 
SPOTS

Rf VALUES

Benzene - 
ethanol PE J 0.61, 0.55

7:3 0.50

Somalia 1 0.61

Echujin 1 0.56

By Product f

Acetate 1 0.67

Digitalinurn

Verum

Hc;:acetate 1 0 . 6 6

Di3 o::in 1 0.45

Ouabain 1 0.06

Benzene - 
Chloroform PE

7:3 Somalia - -

Echujin - -

Digoxin - -
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TABLE 6 COOT.

SOLVENT SYSTEM SAMPLE IN 
1-ETHANOL

NO. OF 
SPOTS

Rf VALUES

Benzene - PE 2 0.90, 0.84
ne thano L

7:3 Somalin 1 0.C9

Echuiin r o .c6 , ~ . ;v

0i3Oxin i 0.85

Ouabain i 0.21

Benzene -
ethanol PE 3 0,60, 0.54 

0,40
7:3 Sovnalin 1 0.63

Echujin 1 0.61, . •

Digoxin 1 0.48.



TABLE 7 TLG EVALUATION OF PE USING ALUMINA 
AS THE STATIONARY PHASE

SOLVENT SYSTEM!’ SAIIPLE 111 
1CTHAN0L

NO. CF 
SPOTS

Rf VALUES REMARKS 1

Benzene - 
ethanol PE j 0.75

7:3 0.70

0.64

Benzene - 
raethanol PE 3 0 . 6 C

9:1 0.47

0,30

Benzene - 
raethanol PE 2 0.62

W* A 0.56

Soraal in 1 0.61

Benzene - 
chloroform PE m system

7:3 too non-

OE - - polar

Soraal in
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TABLE the separation of the glycosides of 
PE ON ALUMINA COLUUN

FRACTION VOLU13E OF 
EACH 

REACTION

ML

NO. OF 
SPOTS

Rf VALUES 
USING 

1 BENZENE- 
METHANOL 
9:1 ON 
ALUMINA 
PLATES

REMARKS

I - 5 1 0
2 0.5, 0.69 Fractions 1-23

- were eluted with

6  - 1 0 1 0
2 0.5, 0.69 Benzene-Chloroform

9:1

11-15 2 0
2 0.5, 0.69 A ll these fractions

were c lear and

colourless

16-20 2 0 2 0.5, 0.69

2 1 -2 : 2 0
1 0.5, -

24-29 30 1 0.5, - Fraction 24-32

were eluted with

Benzene-Chlorofom

7:3

30-31 30 2 0.5, 0/25 A ll fractions were

32-37 50 2 0.5, 0.25 clear and colourless
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TABLE C GOIIT.

FRACTION
NO.

70LU1E OF 
EACH

FRACTION
I1L

MO. OF 
SPOTS

SI VALUES REMARKS

33-35 50 2 0.5, 0,25 Fractions 33-37

were eluted with

benzene - 
chloroform 1 : 1

36-37 50 1 0.25 A l l  fractions

were clear and

colourless

3C-42 60 1 0,25 Fractions 3C-43

were eluted wit±

chloroform

43 1 0 0 1 0.25 A l l  fractions

were clear and

colourless

44 2 0 0 1 0.25 Fraction; 44 was

the fina l

metLanolic

washing o f the

column; This

fraction  was

milky and straw

•

coloured. The 

stationary 

phase was found 

to be glycoside 

free a fter thi£ 

fraction



TABUS 9
TLC COMPARISON. OF DSNS UITII SOUS 
GLYCOSIDES (DIGOriN. AND OUABAIiT) 
IM GLIIIICAL USE

—

SOLVENT SYSTEM SAMPLE IIJ 
METHANOL

NO. OF 
SPOTS

Rf VALUES REMARKS

Benzene - 
ethanol DSK3 1 0.35

7s2

Di^orrin 1 0.43

Ouabain 1 0.06

Ethyl acetate - 
ethanol DSIC3 1 0.53

C: 2 Digoxin I 0.16

Ouabain 1 o

Benzene- 
ctlianol DSIC3 1 0.61

6:4
Digo::in I 0.3C

Ouabain I 0.04
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TABLE 9 QOiJT.

SOLVEIIT SYSTEM SAMPLE IN 
METHANOL

MO. OF 
SPOTS

Rf VALUES REMARKS

Benzene -
methanol DS1C3 1 0.16

9:1 0.03Di;»e::in ' 1

PE 3 0.16,

0.4T

0.70

Echujin 1 0.4C

Somalin 1 0.70

Ouabain 1 0 Solute did 

not travel 

from the 

orig in
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TABLE 10 ELEMENT AN ALYT IC AL DATA

LABORATORY PERCENTAGE ELEMENT 
COMPOSITION OF DSK3

• J
REMARKS

BMAC

! (England)

i c 7<> N 7.

■65.03 — ~ C.53 ! - - 26.44
r
i-

The
percentage 
o f oxygen 
was
obtained 
by d ifference 
since no i 
other
elements were 
reported

Pharm.
In st.

} Ethz.

(Sw itzer
land)

64.0 3.2 0 .0 ! 25.0
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TABLE 11 1 C lim  DATA

CURSOR DELTA/HZ DELTA/PPM INTEGRAL HEIGHT

on 5 3951.3629 174.6227 156 23060

1 0 0 0 3790.7750 167.3794 2 0 11605

1249 3460.3091 153.2786 93 2606'

1793 2746,5020 121.3797 50 11609

1"56 2662.9904 117.6056 0 2 26076

2013 2454.6747 100.4795 56 20528

2141 2204.0370 100.9739 140 27253

2404 1935.0759 85.5522 272 53282

2525 1775.3269 70.4570 059 112115"

2549 1743.4025 77,0497 936 110076 • —

2573 1711.6300 75.6424 370 115604..

2500 1691,7353 74.7629 354 39432

2600 1675,8131 74.0592 219 : 38872

2609 1663.0714 73.5315 1 1 2 10959

2640 1622.7390 71.7137 141 30003

2032 1367.9836 60.4553 1 0 0 20621

2905 1271.1234 56.1740 40 11506

2993 1154.3605 51.0146 104 21928

3016 1123.0429 49.6660 44 16916

3149 947.3717 41.0672 160 35043

3100 906.2393 40.0494 SO 21484

3237 030.6008 36,7071 150 .22940

3252 010.7060 35.8275 134 20563
3264 794.7C3C 35.1239 177 20067

3297 750.9977 99 1-J •> 4VCL' 95 17680

____ cd cl3
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TABLE 11 CONT.

CURSOR DELTA /HZ DELTA/PPM INTEGRAL HEIGHT

3340 6G3;3283 . 30.1903 216 2 0096

3351 679c3470 30,0224 140 27900

3403 610.3515 26.9732 103 22052

3409 602.3904 26.6214 375 45606

345C 537,3747 23.7402 131 2 7403

2502 470.9932 21.1601 361 24092

3560 402.0359 17.7671 109 2412C

3593 350.2490 15.0321 76 17447

3063 0 . 0 0 0 0 0 . 0 0 0 0 1 0 0 0 170747
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TABLE 12

ABSORBANCES OF DIFFERENT CONCENTRATIONS 
OF DSK3 AT 217 nrn. .

FLASK..
NO.

VOLUIE OF
STOCK.
SOLUTION
0.0067.
ETHANOL

ML

VOLUME
OF
957.
E THAI JO I

TOTAL
VOLUME

ML
•

CONCENTRATION 
OF 

DSIC3 
% w/v

ABSORBANCE 
READ AT THE 
ABSORPTION 
MAXIMUM OF 

217 nn

1 0.5 4.5 5 0.0006 0 . 1 C

L 1 . 0 4.0 5 0 . 0 0 1 2 0.34

** 1.5 3.5 5 0 . 0 0 1 0 0.40

4 2 . 0 3.0 5 0.0024 0.63

5 2 5 2.5 r 0.0030 0.73
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TABLE l'J

ABSORBANCES OF THE COLOURED COMPLEX 
FORMED BETWEEN FIXED AMOUNTS OF ALKALINE
3x5 DNB AND DIFFERENT CONCENTRATIONS OF DSK3 ( max 620 nm)

TUBE
NO.

VOLUME
OF

27.

DUB

ML

VOLUIE
OF

0.17.

DSK3

ML

VOLUME
OF

957.

ETHANOL

ML

••* ........ .
VOLUME

OF

107,

NaOlI

ML

TOTAL
VOLUIE

ML

ABSORBANCE

INITIAL

READING

SECOND

READING*

1 2 0.25 5.75 2 1 0 0.25 0.35

2 2 0.50 5.50 2 1 0 0.50 0.70

3 2 0.75 5.25 2 1 0 0.77 1 . 0 1

4 1 0.5 2.5 1 5 1 . 0 1.30

* Readings taken approximately 1 minute a fte r  in i t ia l  

absorbance reading,
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TABLE 14

ABSORBANCES OF THE COLOURED OOUPPJX FORMED 
TETWFEN FIXED AMXUNTS OF ALKALINE 3j5 DNBA 
AND DIFFERENT CONCEIJTRATIpNSXOF. DSK3 ( Am:: 520 n a ),

- ■ - •

TUBE
no.

VOLUME 
OF KEDDE 
REAGENT

VOLUME 
OF 50% 
METHANOL

VOLUME
OF
0 . 1%
SOLUTION 
IN 95% 
ETHANOL

★ ABSORBANCE READ ABOUT’ 
TWO MINUTES AFTER 
ADDITION OF GLYCOSIDE 
(DSK3)

l 4 5.75 0.25 0.24

2 4 5.50 0.50 0.46

O-J 4 5.25 0.75 0 . 6 6

4 4 5.0 1 . 0 0.91

5 4 4.75 1.25 1 . 1 2

The entire spectra were obtained and absrobance

values read from these
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EFFECTS OF DSIC3, ADRENALIN, OUABAIN INJECTIONS 
ON THE CARDIOVASCULAR SYSTEM OF AN ANAESTHETISED 
RAT.

TABLE 15

I
INJECTION

1

OBSERVATIONS REMARKS

Adrenalin in An immediate but The r is e  was
nnornal saline transient rise  in probably due to the
! ( 1 0  ug/kg) blood pressure was vasoconstrictor
i
i

I

noted. The mean 
pressure rose from 
5 mm Hg to about 
9 mm Hg and 
returned to near 
normal leve l a fte r  
about 2  minutes

e f fe c t  o f Adrenalin •

j
|

107. v/v ethanol A very s ligh t,
j

ethanol probably
! in normal in s ign ifican t f a l l caused transient
: saline (led/kg

i

in blood pressure 
was followed by an 
almost inmediate 
return to normal 
leve l

vasodilation

i 1
4 ;
i
-L — ___  - -

; Ouabain in A sligh t transient

■j,. . . . - . - . - i ■,

pressor e ffe c t
normal saline fa l l  in blood jprobably due to

! (io o  ug/kg)

I

pressure was 
followed by a 
sustained rise  from

ivaso constrictioni .

i !
5 ram Hg normal leve l 
to about 9 ram Hg. i

I This r ise  was sustained! 
' over a period o f  about !

* 5 times the duration 
o f the adrenalin 
e f fe c t .

j i

J_______________________i
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TABLE 15 CONT*

i
INJECTION

|____________- —

j
} OBSERVATIONS 
i_________________________

REMARKS

0.1 c c 'o f DSK3 The in jection pressor e ffe c t
in 107. ethanol produced a probably due to
in normal gradual r ise  in vasoconstriction
saline 25 ug/kg blood pressure 

to a new higher 
leve l (11 mm Hg) 
The elevated

l!

blood pressure 
e f fe c t  was sustained 
lasting about 1 0  

times longer than 
the e f fe c t  o f 
adrenalin

----------------------------- i
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EFFECTS OF 200-250 yug OF DSK3 OH THE CARDIOVASCULAR 
SYSTEM OF AH AHAESTHETISED CAT_________________________

Height o f cat = 3 ICg.

TABLE 16

INJECTION O B S E R V A T I  O N S REMARKS

S ysto lic
BP

mm Hg

D iastolic
BP

nm Hg

Heart
rate
beats/
ilin.

1 % PG in 
normal

CO 50 144 Normal recordings

saline 
( 1  cc 
in jection '

GO 50 147 Ho s ign ifican t 
change from norma' 
value s *

56 2 0 156 Readings taken 15 
minutes a fter PG*

DSK3 in 
17» PG in 
normal 
saline 

( 1  cc 
in jection  
60 ug/kg

132 72 156 Over 1007o rise in 
blood pressure 
recorded 2 minute* i 
a fte r  test 
materials Beat 
amplitude also 
increased but the 

heart rate was not 
a ffected .

tv? 16 M 6 G Control readings, 
70 minutes a fter 
in jection  of 
test m aterial.

*  PG = Propylene Glycol
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TABLE 16 PONT.

INJECTION 0 E S E R V A T I O N REMARKS

S ysto lic
BP

ran Hg

D iasto lic
BP

ran Hg

Heart
rate
Beats/
min.

DSIC3 in 
17. PG in 
saline 

(lcc
In jection )
70 ug/kg

140 60

!

ISO
i

A dramatic rise in both 
1 systo lic  and d iasto lic  

pressures within 2 

minutes a fte r  in jection . 
Beat amplitude was more 
than doubled and the 
heart rate showed an 
in it ia l  s ligh t increase.

76 p 72 F ifty  minutes a fter the 
in jection , the blood 
pressure had fa iled  
considerably, and the 
heart rate was less 
than 507. o f the control 
leve l p rior to the 
in jection .

60 - 60 Readings a fte r  55 minutes

52 36 Readings a fte r  70 minutes

52 36 Readings a fte r  90 minutes

40 96 Readings a fte r  2 hours

40 4 1 2 0 Readings a fte r  2 hours 
40 minutes

i

DSK3 in
1% PG in 
normal 
saline 
( lc c  n 
n jection ) 

60 us/leg

over
70 2 0 171

i

i

The blood pressure 
showed a considerable 
r ise . The heart rate 
also rose considerably 
with evidence o f 
arrythmias. About 10 
minutes a fte r  this 
la s t !in je c tio n  the

i

arrythmias became 
pronounced and the 
preparation quickly 
dried.

*  PG Propylene Glycol
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EFFECTS OF DSK3 ON TIE CARDIOVASCULAR SYSTEM OF 
AIT ANAESTHETISED CAT WITH EXPERIMENTALLY INDUCED 
HEART FAILURE

TABLE .17

Weight o f  Animal = 3 leg.

INJECTION O B S E R V A T I O N S REMARKS

BLOOD PRESSURE \
S ysto lic  D iastolic

-.1 : Mean 
am Hg ram Hg 1 mm 

> 8

! !i :

Heart
Rate
Beats/
min.

i
»

i

Pentobarbitone 
Sodium (IV )

'.160 90 1 2 0

i
Normal recordings

30 mg/!:g

!
!

!

60
!i
i
j

1 0 ! 30

!>

Drastic f a l l  in 
blood pressure.
Beat amplitude 
also f e l l *

DSK3 in 17,
PG ( IV ) .

• 30 ug /leg
* '

•

1
1

i

1 2 0 64 90
.

This in jection  
was given while the 
heart was s t i l l  
severely depressed. ! 
The biood pressure 
started ris ing 
immediately a fter . 
the in jection .
Beat amplitude 
also showed 
recovery.

1

1

1
i
1

i

1

140 CO

________ i

* . 126
1

Reading tahen about 
45 minutes a fter 
the previous 
in jec tion . BP had 
stab ilised .

1
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TABLE 17 GONT.

INJBGTIOn O B S E R V A T I o m s j REMARKS
1 ___  _______________ i

; BLOOD PRESSURE -! Ii — L

. , . . 1

D iasto lic
’.am Hg

Systolic
nia Hg

bican
mm
Hg

Heart
Rate
Beats/
min.

;
i

Pcntobabitone
Sodium 
40 rag/leg

Below
30 - Again a drastic 

fa l l  in blood 
pressure and beat 
arqjlitude was 
observed.

Test material 
(DSIC3)

60 ug/kg

CO 2 0 1 1 2 Readings taken 5 
minutes a fter test 
material injection* 
BP had risen 
s ign ifican tly .

Beat aiaplitudc was 
increased and the 
heart rate was 
s ligh tly  lowered j

Pentobarb 
Sodium
50 rag/kg

1

Below
2 0

_____________

Below
2 0 - | C4

. , i

!

i

i
_______1_______ _

j

Again a drastic 
f a l l  in  B? 
observed. Beat 
amplitude was 
s ign ifican tly  
reduced. These 
e f f e c t s  were 
sustained as no j 
"stimulant" was ; 
in jected .

1
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EFFECTS OF DSIC3 OM THE ISOLATED PERFUSED 
RABBIT HEART

TA3LE I S

INJECTION 0 B S E R V A T I O N S REMARKS

1

1 HEART RATE 
BEATS/mm

BEAT AMPLITUDE

' »

ti

108 see f ig Normal recording

2 0 0  ug 
DSK3 in 
1% FG

96 increased
I

A dramatic increase 
in beat amplitude 
was recorded. A shift 
o f the contraction 
pattern towards 
increased tension 
was also evident.
The heart rate 
decreased s ligh tly .

t
l1

i

156 as normal
!

50 minutes a fter the i 
in jection  the heart 
rate was s ign ifican tly  
higher than the 
normal le v e l .  The 
beat amplitude had 
however returned to 
near normal.

1 0 0  ug 
DSK3 in 
1%
propylene
g ly co l.

72 increased
I

Irnacdiately a fter 
the in jection  the 
beat amplitude 
started r is in g . The j 
contraction 
pattern was gradually | 
sh ifted towards 
increased tension 

(upwards on the 
ch art). The heart 
rate was decreased 
considerably (over
1007.) |

1
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TABLE 1$  00N T .

i INJECTION O B S E R V A T I O N S REMARKS

HEART RATE I BEAT AMPLITUDE 
BEATS /ram

120
T

Normal 1 0  minutes a fte r  this 
second dose, the beat

1

amplitude had fa llen  bade 
to normal. The heart

i

1 144 Ho rrnal

rate had also risen.
1

15 minutes a fte r  the 100
|

i
ug dose, the heart rate 
v;as noted to be s t i l l
r is in g . The preparation j

i was l e f t  fo r  another 15

1 0 0  uC

i

60 Increased

minutes and a further 
in jection  given.

I
These readings talcen 5

1 \ minutes a fte r  this
! in jection  showed a

i slowing o f the heart
i as well as increased 

beat amplitude* An 
upward sh ift  o f the 
contraction pattern 
indicated increased 
tension developed.

1 1 2 0  I
| Normal recording

50 ug o f 56 Increased The readings talcen 10
duabain 
in  normal 
saline

i

minutes a fte r  the 
in jection  o f ouabain 
showed a dramatic fa l l  
in the heart rate. An 
upward displacement o f 
the contraction noted 
sign ify ing increased 
tension. There was 
also a tendency for the 
beat amplitude to 
increase.

1



F i g  1
Y o u n g  A d e n i u m  o b e s u m  p l a n t  

i n  f l o w e r



I 17

Fig 2
A d e n i u m  o b e s u m  p l a n t  show in g  

the u n de r g r ound  stem ( t u b e r )  

and s o m e  aer ial  p a r t s
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Fig 3

Underground s te m  of  an A l d e r  p*ant 

( age unxnown )



f i g  4

U / V  s p e c t r u m  o f  D S K I  c o n s t i t u e n t  w i t h  Rf s i m i l a r

t o t h a t  o f  echu j in

I 19



Range

>20 10 

>18 0 ) 

) 16 0-8 

>14 0-7

H t 0 6 

>10 0-5

>■08 0-4

5 06  0-3 

3 04 0-2

5 02 0-1

000

Transmittance 0 - 1 A

Fig 5

I ____ U / V  s p e c t r u m o f  o u a b a i n

U / V o f t om s p e c t r u m D S K  3 pr io r f ina l pu r i f i ca t i on

1
2
0



Fig 6

1- - - - y / V ectrum of DSK3 (ether

2____ __as 1

3 as 1

washed )

a f t e r  w a s h i n g  wi th a l k a l i

a f t e r  w a s h i n g w i t h  a c i d



IR s p e c t r u  m o f DSK 3



Fig 8

IR s p e c t r u m  of s o m a l i n



I R  s p e c t r u m  o f  e c h u j i n



Fig 10

I R  s p e c t r u m  of

rocn

o u a b a i n
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a

Fig ! 4
Effects of 60 u9 DSK3 on anaestised cat

k g

Ef fe cts Of DSK3 on anaesthetised cat

—  - -  ——n - r —n -r

AS f i g  1 5 s e e  p a g e
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shows normal heart rate (156/rain) 

and normal systo lic  (52 mm Hg) 

and d ia s to lic (20 ran Hg) blood 

pressure *

a fte r IV in ection o f 60 p.3 /1:3 o f

DSKi, both systo lic  and d ia s to lic

pressures rose dramatically to

a maximum o f ( 132 ram Hg.
68 ran II3

shows heart sate (156/min.) and 

increased heart beat amplitude. 

Approximately 5 minutes a fte r  

60 pg/'.eg DSIC3.

shows both the beat amplitude and 

blood pressure returning towards 

normal le v e ls .

normal blood pressure ^  ^ 3  jieart
20 mm H3

rate (160/min.)

increased blood pressure (to a 

max o f 1,,;0 H3  j
l T n « n H ^ an(1 be3t amPlltude

fo llow ing an iv dose o f 70 pg/Icg of 

DSir.

shows dramatically increased beat 

amplitude and s ligh tly  raised heart 

rate (l^O/min-).

. . . . . . . . . . . .  shows arrythnic a c t iv ity  o f this high

dose o f DSK3.

. . . . . . . . . .  shows lowered heart rate (60 beats/min)

1 hour a fte r  DSIfS in jec tion
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Fig 17

Anaestised cat. Heart depression with 
pentobarbit one

5 0 mg
kg

------------------------------------------ — ---------- — X --------- ;
I "i.

m  n  o p

F ig I 8
Effects of DSK3 on anaesthetised cat with 
experimentally induced heart failure.

s e e  p a g e  132



1 3 2

j  ............. . normal sys to lic  (SC mm Hg) an'!

d ia s to lic  (25 nm Hg) pressure.

Ic . . . .  ........... • blood pressure a fte r  iv  in jection

o f ' 0  mg/kg pentobarbitone sodium.

ITote d rastic  fa l l  in heart beat 

amplitude.

1 ................. strain gauge vented to the 60 nm Hg

column o f heparinised saline to 

check the calibration.

m . . . . . . . . . . . .  . normal systo lic  (160 mm Hy) and

d ia s to lic  (TO nm Hg) pressures.

n . .................. BP f a l l  a fte r  30 mg/ley pentobarbitione.

0  . . . . . . . . . . . . .  ca lib ration  check.

p .................... steady r ise  in BP and beat amplitude

a fte r  '0  pgAcg DSK3 iv  in jection .
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q r s

Fig 19

Ftfecls of DSK3 on Langena'orffs preparation.

i

i
l

F ig 20
As tig 19

s ee  p a g e  134
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