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CHAPTER I.

INTRODUCTION.

‘The work contained in this thesis is a con-

(1)

!

tinuation of -that done by R.R. Arndt on the
Aerial Portions of" Néorgutanen.ia.Eduli‘_\s'C.A° Sme.
'andkthat peftaining to the fish-toxic Substénces.in
the tubef“of the same plant, carried out by B. van

” Duuren(g) and A. Brink(3).

The natives using this blant9 especially the
tuber,vfor’kiiling fish, made use of the fact that
whenfthe‘blaht material is sprééd on water, the fish
died or were stuhhed: This would suggest that watéf;
soluble compounds, or alternatively; subsfancés which
whenrpresenf in solution pbssess ﬁhe pfoperty of -
,so0lubilising insoluble plant material, were‘fespone '_ 7
‘sible for the fish-toxic pfoperties of the plant.‘

It 1is a“fact-worth remarkinglthét all the>fi§h-toxic
N subStances’is¢lated by the above aﬁthors, were prac-
4 tically:insoluble in water. | |

| v Since. it i1s known that gértain sapoﬁiﬁs<posseés

the above mentioned pf?perties(s“& 6)9 and further, -

'éinée thére are definite indications that the plant

in questiOn is rich in gaponins, the work described

in.this‘thésis was undertaken with the object‘to_ih-

vestigate the extraétion, isolation and purification of |




‘the saponin'material in Neorautenenia Bdulis C.A. Sm.

Both the tuber and the leaves were examined.
. : e /
In the tuber of Neorautanenia Ficifolia the
prescnce of a saponin was established; the isolation
4 In the
- however, has mot yet been investigat (%) :
Aerial poxrtion of Neoraubenenia Edu :1is, the worlk done
by R.R. Arndt definitely proved the presence of &
Asaponlp -like substance, which however could not be
isolated and purified. The impure seponin extracts
. L | ' . . (1)
g which were prepared, were very alyhlf fish-t Llo .
. . This would suzuest that Lne “toxicity of the;plant was

LY

larg ely uuvlto a fish- p01~onou3 saponin or saponins..
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L CHAPTER. ILS

EXTRACTION OF THE PLAYT MATERIAL .

A, Extfaction of the Aerial Portion. - .

/ . . N
Special boiling point benzine (B.Ft. 52 - 720C),

which possesses approximavely the ssme solvent proper-
ties as petrol ether, but beinz less expensive, was
. N

used instead of petrol ether for the extraét%on(l)}

The leaves and twigs of .the plant, which were
‘collected after the pods had formed, were dried in the

sun and then broken up into small pieces in a mortar,
‘sround to a powder’ in a. cofiee-mill, and placed into

'

the different percolators.,

In all, about 3 kilogwams of this fine .materia

were treated with the solvent. . The percolate being

AN

- allowed to run through at a rate of flow of two drops

ner second.

]

Thé fifst fraction, A, which WasAgreen in colour;,
was coilected‘dufinﬁ the course of a week, and concen- ..
tréted bj distillation to a volume of‘approiimately
300'ml, ‘ After standing, a thick yéllowish-layer of

insoluble material separated from the combined concen- -

! \




‘trates.. In a similar ‘manner Fraction B, which was

.

collected during the second week and being of a lighter

3

yellow colour, was worked up to a concentrated form.

After three weeks of continuous extraction with

U
‘

beniine, a nearly coiourless.percélate rezulted. No ..
fﬁrther work was however done on these fractioné, since
they appeared not to contain any sapoﬁinsgs This ex-
traction had to be done in order to renove material
which could interfere with the saponin extraction.

' The plént material was then dried ahd extracted
;with.ether in a similar manner to. the above, to,reﬁove
: 9

chlorophyll and fatty material. The darkgreen ether
extracts were COﬁbined,‘and éfter concen'““tlon left
to stand. After about tnfec weeks the eytr CthD vias

discontinued, 81nce tﬂe Dercol;be had become more or less

~colourless.

he extracted plantmaterial was allowed to dry
,and was then treated with Q59 ethyl aloohol“which ﬁéd
.preV1ously been purlxleu from aldehydes and othur
‘aCtlve 1ngredients by'boiling it for 8 hours under S0

reflux with solid potassium hydroxide, followed by.
N

distillation{ A darkgreen, pearlw black nercolate,

which LrOthd very stronily on snaklng with water,

.
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was obtained. The extracts were azain concentrated

by distilletion andnleft to stand. After a month

and a half the extraction was discontinued, since the

extract theh was only faintly greenish-yellow or al-

. A .
most colourless.

After the plaﬁfmaterial_had been'exhaueted With
benzine,'etherﬂand alcohol, if was dried for extfaction
with water, This gave a darkﬁrown extraet,eWhieh‘on
shaking lormed a strong, stable foan. The extracts were

concentrated by vacuundistillation.’ A difficulty en=

- countered here, was that the solution foamed so strong-

Sy

ly when heated in a vacuuh, that it tended to run over

=With the distillate° - This 4ifrf ‘iculty was overcome by

adding one of the hlﬂher alcoholu v1z. methyl-n- be\yl
carbinol, which definitely broke the foamclo>° o )
After thiee weeks of e: traCLlon w1th water a |
more or less yellow e.tract percol@ted throu@h Whlch
on belng left open to the atmosoaere, formea a thlck
White'film on the surface. - #hether this was due to
oxidation by the atmosphere< is unknown, This per-"

colate had a very unpleasant but characteristic odour

of decaying plancmaterlal,“ On being allowed to stand
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for-a considerable time; This condéntrate‘underwent
a peculiar colour change, becoming almost‘entirély\
black. The white film on the surface of the solution

, T
however, was still intact.

B. . Extraction of the Tuber.
[

The mbist-tuﬁeré, wére washed with water, cuf
"up into small pieces, and aried in air and sunlight..
When quite dry, the materialhwas-grouhd,to powder in

'a coffee—mill and packed into a large copper perco-
lator. The material was then soaked With pufé an-
aesthetic ether, and the tap so;édjusted that the »
'ethér percoléted ﬁhrough'slowly<2).- The extract was
fifsﬁ;darkbrown iﬁ Coléur, tﬁen brownish-yellow, and
evéntually colourless., gThis éxtract was cqnbentrated
andlused)fbr other experiments not.concerning Saponins.
Two different'bétches\of groundrtuber were subsequent—‘

" ly treated by different methods.

Extraction I.

I

' Aftef the ether extraction, the materia% was
allowed to dry, and then extracted directly with dis—
tilled watef;_ This proceduée howgver, did not prove
very promiéing; The méte;ial éwelled up in the perco-

i
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’latorlprobably'as é result of ferméntation, andl

| eveﬁtueliy the‘exttect had to be'drawn off on}e‘Buch—
- ner, much trouble being experienced‘due to ‘excessive
foaming.‘ The extracts were conoenttated by vacuum-
dlutlllatlon to a volume of about 500 ml., .again

u51ng methyl—n hexyl oarblnol to break the ioam.

On standing, an unknown fungus started to gfow
on'the_surfece of the ooncentrate. This property
-was later made use of, as Will be shown.,

-

Extraction II. o .

After the ether extraction, the material was
left to dry énd then extracted with hot, 95% .ethyl

jaloohol(ll &"12)

The'extract'wes at first brownish
'1n colour, but after repeated extractlon light-
yelLOW solutlons were/obtalned " The extracts ‘were

concentrated by vacuumdistillation and-left. to stand

tfof further experiments..-

Suboequently the ground tuber was treated with
45% ethyl aloohol( 5) E The percolate was much darker
in colour than 1hat from the 050 alcohol, belnr very
nearly black.w These extraots were also concentrated

by vaouumdistillatlon, but when the alcohol was dis-

~
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_tilled off, the Watervéoiutioﬁitendedrto foam so
strongly that the distillation had to be stopped.
: The extraction was discontinued after a week, the
ground tuber exposed to sunlight to.dry, and a final

extraction with water carried out.

. Due.to-the fermentation encéuntered in Extrac-
tion I, the’procédufe in-this caséAwas ammended. Paff
-df the dried tuber was heated in a beaker witﬁ distil-
led water on a waterbath for. 1 hour. The solution Wasz
immediately drawn off on =z Buchner funnel. No diffij
culty aé a result of foam}ng was éncountered‘during o
- filtration. Toxicity testé‘sﬁbéeqﬁéntly proved fhat-
this éxtract was oniy‘slightly'fish-toXico It was’
therefore assumed that most of the saponins had ﬁeen

removed in the alcohol extractions.:
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CHAPTER III.

Methods of Isolation and Attempted hydrolyols of' Sapo—

nin-like Sub%taqco.

For!purposes of comparison; most of the im-
portant methods. sugzested ih'the chemical literature
for the isolatioo—of ponln—llko.subotancos wefe
applied to the extracts prepared by the methods de—'.

scribed in the previous chapter.

Thus Rochleder and also Christophson, precipi-
. ‘ ' ‘ ~\ .
" tated saponins from acueous solutions by addition of

hot saturated bariumhydro:«:ide° . The resulting pre~ =~

\
cipitate was decomposed with’ carbondlox1do and the

(14).

glucoside preololtated vn.th .ether alcohol mlxtur

,Kobort and Pachorukow used an excess of neutral
iead acetate added to the agueous saponin solution,
whoroby'acid saponins  such asiquiliaio.acid were pre-—
cioitatéd ‘Basic lead acetate was thew'édded to the
illtrato to prcolpluate the noutrﬂl oaoonlnb. | Both

‘DleClDltatOC wor waohed w1tn alcohol, decomoosod

w1th sulohurlc aold and the lead removcd(l4 & 17)

F.I. Brownley in his thesis? "Chemistry of

Saponins'" suggests dlalysis in cellophane oaoln@

) <5
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after the liquid had been saturated with ammonium

sulphate(g).'

Various other methods of precipitation were

]

- tried, including'etherate'formation as suggestedrby‘

Confdrth and Earl<l6>.

A, TFrom the Aqueous Extracts.

1;) ‘Precipitation of Saponin by means of hot séturéé” -

. ted Barium hydroxide Solution.(14>v

s

(a) Aerial Portion.
Abouf 10 ml, of fhe darkbrown-aqueous con-
— : | centrate wasldiluted to 50 ml. ﬁifh distilled
-water., To this SOIutioﬁ; 2 hot saturated
bériumhydroiide solution Was‘addéd'untilfno
furthér’?recipitéte was formed, the volume thus

'being.increaséd'toiabout 100 ml. -

A.yellowish—bfowﬁ precipitatekwas obtained;
‘Thié precipitaterwas filﬁeréd off, suspended in ..
water and deéompoéed py passiﬁg through carbon-
dioxide gas for 10 minﬁtes. ‘The precipitate of .
bariumcarbonate was removed b& filtration. The

saponin was precipitatéed from the clear solution -
N . .

by adding a mixture of 35 : 50 volumes' 0f ether-
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alcohol. A jellowish—brqwn precipitate was

obtained.

Attempted Hydrolysis of product.o’otained°
A1l the hydrolytic experiments described,
were performed with.the aid of concentrated hy-

drochloric acid.

A portién of the yellowish-brown precipi- (
tate obtained’aboVe,bwas Waéhed!inté a 250 mi;
roundbottom'flask with water. It was boiled
under refiuX‘with lO ml,‘concentrated hydro-
chloric.adid’for 10”hburs, The bulk of the
liquid was then evapérated and attenpts weré'
made to recrystallise thé sapbgenin f;dﬁ 50% - ’
’- ethyi'alcohol(ll)n A small amount of crystal-
lineﬁﬁateriél'was‘obtained, which'howevef was not
pufé, since when burnt on a Pt-foil, it melted.
and-an‘inqombﬁstiblé residue was left-behind.
This’shows;that‘éll the Barium had not been re-
moved. Abfurther‘portidn thefeforé‘was puri—
fied'thoroughly; ‘hydrolised and evaporated as
beforeo" A'crystallihe mixtﬁre of necdles and | .
plates was obtained, which was insoluble in' |

N

boiling methanol, but dissolved readily in hot |

r




water,  From the water solution a crystalline:
product separated, which WQS-only‘partly organic,

and probably still Contained Barium.

The barium was thenjprecipitéted‘With Very
dilute sulphuric acia, The white barium sul-
~phate was filteredloff and the filtrate eva- |
porated to a..small volume. Shiny white crys-
- tals séparated from thispsolutidn; inorganic

material was however still pfesent and could not

)

N

be removed.by crystallization.

(b) Tuber. -

-
The same procedure as described above was:
.. : .

used for precipitation of the saponins from

the cpncéntrates of the aqueous extracts ﬁf@>\%

o

l

pared from the tuber. A yellowiéh precipi%afé N

was obtained and a definite smell of ammonia

- obseérved.
' |

Hydrolysis of' Precipitate.

1

Due to the difficulties experienced with thej
removal of the barium and accompapying inorganic

material, no hydrolysis was carried out on the

barium hydroxide fraction obtained from the tuber.

12— o o

s
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~1%-

Precipitation with'LeadVAcetate.(S?IB’lq)

7

(a) Aerial Portion. . B

A portion of about;éQ ml. of the ageous
concentrate was taken and'the saponin precipi-
tated by the additioﬁ of excess neutral lead
acetate, i.e.'ordinary bench reagent. A |
brown to darkbrown ﬁrecipitate settledgout and.

was filtered off. '

Basic leadhacetate was;prepared by boiling
115 gmé, basic acetate with 250 ml. distilled
water for 15 mihutes,_ An& neutral saponins'
still present“in thé filtrate; should have been
brecipitatéd by adding this-basic’acetate to’
the solution. waever;‘no‘pfecipiﬁéte\wés 66L
taiﬁed, From tﬁis it would appear that only

acid saponins were present in the plant ex-

tract. The precipitate obtained‘by‘édaition

‘of neutral lead acetate was Washéd on the .filter
with ethyl alcohol, and‘then transferrad fo a o

~ beaker with water and decomposed by addition

of dilute, sulphuric acid.. After boiling'to

cdagﬁlate the precipitate, the lead §ulpha%e was

removed by filtration. In order to make sure




' that all the lead was removed, hydrogen oulnhlde

gas was bubbled throurh the solutron for 5

minutes; no furtherypre01p1tatlon‘took place.

The saponin in the flltrate was preci-
pltated by addition of ether alcohol mlxture
- as before and formed a brownish—yellow pre-

01p1tate<14)

Attempted hydrolysis of Precipitate.,

Thelprecipitate‘obtained afterwremoval
of -lead as above, .was Washed with ether; washed
into a roéundbottom flask w1t 20 ml ethyl al-
cohol and boiled under reflux for -6 hours with
5 ml. concentrated hydrochloric acid. On eva-~
eoratlon white needle- shaped crystals separated
although there Were still some 1mpur1t1es pre—

.sent., Fractlon A,

4

(b) Tuberr

The same procedure‘was followed in . the
pre01eltat10n of the sdponln ‘from the aqueous
'extrects obtalned from the tuber. The brown -

; : ! CoL , :
- precipitate which was obtained, was purified,

and the lead removed as the sulphate as befere.

A
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Attempted hydrolysis of Precipitate:

Same procedure as above also: gave white

necdlo shaped crystalo Fraction B.

Purification of PFractions A and B,

Both Fraction A and Fraction B were only
partly'organic in nature and were mixed with
inorganic‘material. Since, when a melting-

/
point determination was carried out, the crys-

tals did not melt, but stars sublimed in the
tube, it was aftempted to separate thé organic
portion by subjecting the crystalline products

4 and B to high wacuumsublimation.

Fraction A.

In this case no ubllmate was obtalned even
_when taking the temperature up to 200°C w1th a
vacuum of 2‘x 107 5 ms.  The crystals only turn-

ed brown.

Fraction B.

The vacuum obtained was 2 x 10 %cms. At
about 13500 a white sublimate was 6btained lower

in the tube and at 145OC,a fatty material subli-
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med to the tbp of the t{'lbe° Taking ‘the teﬁ—
perature up to 200° G, the flrst sublimate ten-
ded to melt, but again solidified after re-
moving the tube from the oilbath. This
sublimate con51oted of white starllko cryutals,
which on standlng 1n the atmospherc we re found

to.be hygroscoplc,

Another portion of the original prepara-
tion from the tuberlwas taken and hydrolised as
before. On evaporation, -a brown impure resi-
"due was left behind, from Wh;éh the resinious
material was'rqﬁovéd by extracting With‘methé—

. ncl, leaving é white material soluble in Wéter.
From the water solution white needle-shaped
crystals separated.  Again the ér&stals proved
to contain inorganic material which could not ve

separated from the organic material,

It must be noted, that this method of
‘iéolation apparently suffers frrom several dis-
advantages, the most importaﬁt being1that many
other plant materials are feadily précipitatéd

from aqueoﬁsksolutiOn on the additon of lead
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, : acetate<7) Tt may théreforé only be applied
' with success to comparitively pure,sappniﬁ '

solutions,

3,) . Pr601p1tatlon of baponln by direct addltlon of
(16) ‘

Dther~alcohol nixture.

4

(a) Aerial Portion.

A 10 ml. portion of the concentrated

'aqueous‘é&tract from the aerial'portion’of'thé
plaﬁt was frao%ionally preéipitated by the direct
additionof an'éther—alcohql mixture (554: 50
C portions by volume). | Yellowish—brown:pfecipih
' tates settled out. These weré fiitereé off.
‘The clear filtrate was eventually evaporatod to
dryncsD, leaving a re51due whlch dld not form
any deflnlte foam when shaken with water.'
The precipitates obtained'bytadditidn of ether-.
. alcohbl mixture Were'however readily ééiuble in
water and frothed stron@ly on shaklno in aqaeous
solutlon, It was hus asoumed bhab the sabonln

was completely removed by the precipitation.




 =-18-

Attempted hydrolysis of precipitate.

In this case only the precipitate obtained
~ above was investigated. The preci-pitate'9 after
being washed with ether, was washed into a
roundbottom flask with 20 ml. ethyl alcohol and
hydrolised by boiling with 5 ml. concentfated

. hydrochloric.acid, The mixture was boiled -
under reflux for 4+ hours and conceﬁtrated to
é‘small volume., A small amount of crystals
hav1ng the form OL rosettes or cluster; of
4needles were seen under t‘he‘microscope° No
effective Way of separating orApurifying these °
crystals could be found on account of the small
~amount, and the large{quantity<of accompanying

resin precipitated together with the saponin.

(b) Tuber.

3

The same procedure as above was followed
to precipitate the saponin frbm the concentrated
acgueous extracts of fhe tuber. The pre01p1-
tates which settled out were lighter in colour
than those from the aerial portlon. In- thls

case however, the same difficulty as above was’
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v encoun+ored + The amount of cryotals obtalnod;"
o

after hydroly51s was too omall 1n comparlson

' w1th the resin which was co—preolpltated, to

work on.

(9)

4.) Isolation by means of dialysis.

About 20 ml. of the concentrated aqueous ex}

tract of the aorlai portlon was’ saturated‘with ammo-
nium salohato and flltered through flltorpapora The
yfllterpaper was washed with a small amount of dlstillod
‘water, and the flltrato dlalysed for 5 days "in collo—
phane casing. The remaining liquid showed weak

- ' pooitive tests for ammonium and sulphate ions. - It

‘ Was}thorefore dioljsed,for two more days; an@ the

rosuiting solution evaporated to dryness. -A
brownishresidue Wos left Dbehind, which }oamed strong-
ly whcn shaken with water. iThis ro51due however, /

stlll contained large amounts of 1mpur1t1es which. could'

not be removed..

Hydrolysis of Residue.
The impure residue was washed into a roundbottom
: . .

flask with 25 ml. ethyl alcohol, and refluxed for

47 hours with\5 ml. concentrateo hydroohloric acid.




The resulting product was evaporated to dryness, ‘but
no or@anlc matorlal could be 1oolated due to largc

amounts of resinious materlal present

Since it appeared to be impossible to isolate

any crystalline organic m@ﬁerial by this method; and

due to the large amount of impurities which could not
be removed, the method wae diaoarded‘and no egperi—

ments were carried. out on the aqueous extracts from

the tuber. |

(17)

5.) The Chloroform Procedure°

(a) Tuber.

’About,lOO'ml,“of the'concentrate from the
‘ adueods extractiop of the . tuber was mixed with
about'tWioe its owh‘volume;of ethyl alcohol.
Ether was then added in excess and a brown Sy-—
rupy deposit res ulted ‘ Afﬁer tandlnr for a
time, the eupernatant liquid was decanted and
the brown deposit rubbed with two or three more
quanfities of ether. |
After hcating the syrup gently to remove

occluded solvent, about four times 1its weight of

. . \
chloroform was added. The mixture was shaken




Pl

with half its_volume of water and then with
sufficient alcohol s0 as to cause rapid sépa-
‘ration of the mixture into two layers. The ‘ ‘

lower layer was separated.

In the chioroform laygr,'just'about no
saponin was foﬁnd, . The oéher portion consisted
of a Water—élcohol mixture which apparently coﬁ—
tained'thé éaponin°~ Aniinsoluble material‘found
"'in this layer,‘was filtered off and washéd sevéral
times -with boiling water. The combined filtrate
obtained was brownish—yellow in colouf.ahdlpfof
duced a definite foam when shaken. . It was
assumed that this portion contained most of-the
watef—soluble saponin.: . This will be referred to

as Fraction B.

had a greyish colour. On shaking this with water,
it still produced.-a foam. It was therefore
assumed that there was still some saponin in the

precipitateo' This precipitate was called

Fraction A.

\
'The. precipitate -remaining on the filterpaper




"Attempted Hydrolysis of Fractions.

The different. preparations obtained from the

chloroform procedure as described above were

treated as follows:

Fraction ‘A.

RN

\
i

The pfecipitate was brought partly iﬁgo
solution by addlnm about 150 ml. 1 : 1 aqueous
cthyl alcohol. ' The solution was hydrolised by
boiling under reflux for 8 hours with 10 ml.con-
centrated hydrochloric¢ acid. - At first, strdng

frothing occured, but after. about half an hour

4 \.‘

it did not foam any more. A portion of the in-
soluble pre01p1tato, remalned 1n suspen81on even

after thlb tlmoo

An attempt to thract the sapogenln from
thls oolutlon by shaklng out Nlth ether only led
to the productlon of a Latty res;due when the |

ethercal solution was evaporated.

The original solutidn; after extraction with
cther, was evaporated‘on'a waterbath to hear dry-
ness. 'Needlé—shaped érystals‘were deposited

together with a large amount of resinious impurity.
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Nearly all the ;:ésin could be dissolved by ex-

traction with mevhanol to leave .a white residue.

This\reéidue on being dissoiVed in hot Water,'

gave a sméll quantity of white crystals on

~

standing, which were mostly inorganic material.

Fraction B.

. The bfownish?yellow solution was evéporated
on a‘Waterbath, leaving akbrown syrup with a
caramel od0uﬁ; One half of this résidue was
taken in 150 nl. llm 1 équéous ethyl alcohol and
heated on a Wagérbath to ensure complete éolution,
It Waé hydfolised by boiling under reflux with

5 ml. concentrated‘hydrochlofiC‘acid‘for 6 hours.

Frbm the product, the organic portionlwas
extraéted with ether.: ’Howé?er, as before,
only a brown fatty pfoduct was ob%ained f:om the .
extract, The aquedus portion, af%er the ex-
jtraction with ethef, left a messy brown residue
coﬁtaining some crystéls‘og evaporation. Tﬁis
rés;dﬁe'was repeatedly extracted With methanol
until‘ali the séluﬁle material had gone into

~solution. The white insblgbleamaterial'waé




Dl

removed by filtration. and examined under the
microscope when it appeared to be .a mixture of
two types of crystals; the one type belonging

to the ‘cubic system and the other being needles.

This crystallinesregidue was dissolVed ;n
hot water, filtered and leff to érystallise,
 Initially, neédle—like,clﬁstérs separated from .

the solution and finally after all the water

had evaporated, ;ubic crystals had also bééh'
formed. In a meltingpoint'determination'on this
;récrystallised product, it was noticed that:
matefialzlwhich-could’have been organiec in .
nature, had sublimed on the walls of the mel—k
‘tingpoint tube. Accordingly a'higﬁvaqpum

sublimetion was carried out at 2 x'10_5cms.

_ Between 120° and 145°C a white, apparently fattj,
meterial sublimed. - The unsublimed residue was
. . ' J

| transferred_toda clean sublimation-tube and at

the seame vacuum, more fatty substance sublimed
at 150°.  The témperature‘was taken up to 200°C,

.,

without any more organic material:-coming off.

The fatty sublimate was dissolved in water,

yielding a.solution, which on evaporation depo-

/
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. ‘ . sited white dendrilic-crystals, which turned .
o . \ ' '
out to be an ammonium salt.

)

(v) Aerial Portion.

®

The samne procédure‘as above was folloWed
to)precipitate the saponin from the concentrated

aqueous extracts of the aerial portion. The

precipitate was élsb,treatéd‘with ether and
lthen sepérated wzth the aid of chloroform.

The different‘fradinns‘Were.ébtained, but
after hydrolysis again no organic maferiél:could

.be isolated, only an inorganic ammonium salt.

being -obtained as before. .
i .

B. From the alcoholic Extracts.

“Fron the'alcoholic extfacts,“the only, aﬁd
comparatively easy\method, used for the isolation
of fhe saponin,‘Was the method of precibitatibﬁ byf"
ether(15> | S . -

Ethorutb Formatlon(12 & 18)

: (a) From the Tuber EBxtracts.

—About 2b ml. of the concentrated alcoholic
extract was takcn and the gly0051des Dr001p1tated

by the addltlon of ether. These were.precipi-
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tafed in fhe torm of a brown syrub This
syrﬁp was rubbed with suP00551ve quantities of
cther until the 8ddcd ether remained colour—
less, The ether was decanted. On heating
the syrup to expell occluded ether, the residue -

foamed strongly, even when heating very slowly.

Thigs residue, being ligthbrown in colour,
when exposed to the atmosphere, turned to a
darkbrown paste, which dissolves eesily in

water with strong f?othing,

From the decahted ethereal solution on
standlng for a few days, a crvstalllno ﬂaterlal
: separated; Whlch wes partly soluble in ethyl
alcohol. The 1nsoluble portlop was crystal-
llno and melted qt i 180 C "The alcoholic
solutlon on evaooratlon on alwa%erbath, left’é~
ypllow stlcky m1t01lal which bacame'nearly

solid .on standing.

-Attempted hydrolysis of Residue.

Abbutﬁl_gm° of the darkbrown syrup ob- -

tained by precipitation of the tuber.alcoholic

extract with ether, was disspred in 30 ml.
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cthyl alcohol and 5 ml.'conccntrated'hydro—‘

-

~chloric acid“added, The mlxturc vas boiled
under reflux for 5 hours ihe solution which '
[+

was y ellow at first 'gradually became darker

and vontuglly turncd darkbrown in colour.

This hydrolised product was cvaporatecd on (
2 waterbath. It appcared however that entine

naterial hgd been resinified, since only a black
esinious product wes obtained, from which no

crystalline sdposzenin could bc isolated.

. (b) " Fronm the Aerial Extracts.

Again the glycosides were precipitated with’
other from the alcoholic acrial extract. These

- 3epa *Ltod as & darkbrown, ncarly black residue,.

It had similar propertics to the precipitate

obtained under'ulmllar conditions from\thu alco~

v

holic ‘extract of tho'tuber, but wes much derker
in colour. Zther-soluble.material wes removed

by Wﬂuhlﬂ, with successive quantities of ether.

N

This residﬁe was hydrolised 28 before, but

again onl a rColDlOUS roduct was oocalned from
J ’ ‘

.J

hlch no crystalline orv?nlc moterial could be

’

-
v
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solaﬁed.

PurlflcQulon of. the fish~toxic cogpoumdq from the

alCOhOllC ey+racts and attempted hydfoly51s of the {
products. / )

As will be shown leter on in this thesis the
toxicity tests carried out with the different
extradté pf@paréd from the plant, proVéd that the
above slcoholic extracts, Wé;o the only oncs whlch rcel-
1& appeareﬁ tovbe apof 01cbly toxic to il h. 3 They
:wcrc thcroforn con81dhrod probably to - con ain the

highest concentration of-saponin and accordingly,

attempts were made to purify them further.

\

The precipitatés from the alcoholic extraéts;, .
Whiéh had becn obtained by the add}tion of ether,’
(W@fG reﬁeatedly triturated with ethér; S0 as tok
remove all otherusolﬁblc_material;  $3§ insolublé
résidue was then left to stand as to allow the ether

/ ©8

to cvaporate,

Dhﬁoo comblncd DIpClnltaboo'mhlch ‘had been™ob-
tained from th@ alcohollc e:tr ctdeere extracted
with cthyl alcohol. “The yellow syrupy portion dis-

solved in the alcohol, and an impure white crystalline

'
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}
meterial remained, .
A § ‘ A e
Toxicity toésts carried- out wwith these two

fractions proved that the toxic soponin moterial had,
been -extracted by the ethyl alcohol.. The insoluble
residue turncd out to be cane sugmar. The following

confirmative tests were carried out:

\

'1.) It formed a blue solution with copper

4 oy -
sulphate and sodium hydroxide(l’>.

" 2.) Gave a violets colouration on warming with
=7 4 -'- o~y ] 3 1 (19)
-cobalt nitrate ond sodium hydroxide .
! .o . .
3.)  The impure compound did not reduce Feh-
ling's. solution, but after it had beén hydrolised
by dilute hydrochloric acid, it had & definite

reducing action.’

) To 2 ml. of the hydroliscd solution of_
the sﬁﬁstancé, leadfacetéte wés added and af—.
ter béilin@, 5 ml, dilute ammonium hydrokidei
added. This mixture was azain boiled for 1.

. minute, when & salmon-pink colour indiéated

D
doxtrose(ao).*

5.) To 2 ml. of the hydrolised éolution, an

Padd L A

3
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equal volume of concentrated hydrochloric
acid and about a ricegrain of Resorcinol were '
added. The testtube was placed-in boiling
water, and after 2 minites & Wwinercd colour,
e . . ) ) :(20)
which indicates Laevulose, appearcd .

I3

An qttcmpt\w;' now made to hydrolise this P
purlllea compounu in two different ways with con-

s

centrated hydvocnlorlc acid. (16)

(1) With methyl- ulCObOllC nydrOTencalorlde.‘ .~

’ About O 5 mms. of thé yellow,syrup wds
dissolvedvin 25 mlﬂ methenol and 2 10 _concen—
trated hydrochloric acid added. be uolutlon
wes b01lcd under reflux for 2 hours, tbc colour
of the solution-changing from»a lizht yellow to
nearly blaék, :The solution was frecd frown
“eXCcess minersl acid by 5hrk1a" ”JLH sichr cdr~l
bonate, which had besn prepared from-SiIVOr ni-
trate and sodium éarbonat@, filtered, and
heated on a waterbath until all thg alcohol

Was removed, water‘belng added from time to time .

\
to replace it, After 'coolin<, the wholL e

shaken with ether, a quantity of black terry
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material being dépoSitedo - The éthereal

. el
layer was'evaporated, leaving a very small
quaﬁtity of needle-shaped brystals in the
beaker,  The équeous.layer was cvaporated, af=-
tef‘deoolorizatibn'ﬁith charcoal, leaving a

brown syru but no crystels scpazrated.
X 9 o

(ii) -With agueous-alcoholic hydrogen chloride.

v . a

Again about 0.5 gm. of the residué wes d_.j.s'w
solved in 30 ﬁl, 1 : 1 aqueous dlcohol, and 2 ml-
of concentrated hydrochloric acid added. The
solution was boilcd under reflﬁx for 3 hours,

and the sampnle worked up with ether as befoxe.-

)
l

CAgain no‘crystals were obtained from the aqueous

layer.

Thigs definitely sugzests that the aglu-
cone was resinified in the hydrolysis process

using concentrated hydrochloric acid. It was

23

therefore attempted to find another way of hy-

(]

drolising the impure product obtained, in order

to find a sapogenin which could be crystal-

lised.
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Attempted Hydrolysis by Enzymes.

. . ! . : .
Certain micra-organisms, when grown in

e . 7 ’ o C .
a medium contdining saponins produce enzymes which

. . ' 0,
cleave the saponins to sapogenins.(gl & 22)

Stoll and co—workéré(25> have shown that.én—.
A\ - .
zyHc preparations from numerous Tungi can cleave .
the carbohydrateféteroid linkage of cerﬁain
cordiac glycosides. It Wés.nqﬁided howéver,
that a purified s#ponin substrate contaminated
by an actively srowing mold was cleéved to the
steroidal sapogehin. Of the various fungi tes-

ted, several, but not all, species of Aspergil-

) ) . . . k ' ! N
lus and Pcnnicilium geve the best results.

As was previOusly ﬁentidned in this work,.
an unknown fungus-grew on the aguceous extracts
optained.frOm.Neé:autamenia Edulis, when théSe}
were oqused to the atmpspherce' These fungi
were isolated and identified to be of thé

\

Pennicilium speciecs, A samplc of the fungus

was cultivated in a purc form and was used for

further tests.

About 1 gm. of the purest form of the
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saponin available was dissolved in 600 ml..

distilled water and a sample of 25 ml. tested

on Lebistes rcticularus. Two fishes Wére
placed in the solution and they died after.
12 minutecs immerSion, indicating a high toxi-

. AN . l A
city.

The remainder of thi saponin solution was
divided info 25 ml. portions in 50 m;; coniceal
fiasks; These solutions werc sferilised in
an autqdlave fof 20 minutes at 121°C and one
.atmosphere pressure, A subseqdont test with
}ive fish prb&ed that this treatment did nof
- seriously diminish the toxicity of thé soiu—

A
tion,

Sterile Pennicilium fungi were inoccu-

lated onto the sterile solutions and allowed

to grow before testing egain,

Results:
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gime : Control Solution Inocculated Solutfbn'
(in days) Time required to - Time required to
) kill fish, ~ kill fish.
After .
5 days’ ‘ 12 nmims. | ' 20 mins.
. . . \
AN
9 days ' 12 mins, ' A 35 mins.
14 days : JlB minS;_ | 45 miné,
50 days : - 14 mins, - 60 mins.

Ffom the results tabulated above it is clear
that the controiASOIUtion had more or léss retained
Tits tincity. In fhﬁ case of thc soiuwlons however,
which hgd begn inocculated w1th fuzgl, the toxicity
had been markedly dechuqu It'is therefore, clear
that thé'growingAfungi had, in one way or anbther,
broken down the toxic sapohgq into nonetoxié consti-
tuents. In the same time a.complete chanée in the;
appearance of the inocculated éolution had been ac-
‘complished;~Whereby.they‘had ldst their colldidal

nature completely and had become absolutely clear.

One of these solutions was fllb red and after

evaporation to dryness, attenpts were made fo crystul—

lise the supposod supogenln from ethyl acetate, ethyl

alcohol, - etceterg, but ‘without success.. = More or less

]

\
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.. all the remaining solutions, which had become colour-
\ less, were filtered and concentrated to a small
volume b& vacuumndistillation. =~ No foaming.oc-

cured,ywﬁich also points to the possibility that

the séponih had been broken down,

The syrupy conccentrate was dissolved in 2O ml,
J
ethyl dlcohol and after adding an equal volume of

freshly distilied acetic anhydride, the mixture
~was refluxed for 40 minutes. ft Was.aliowed to
- - cool and'slowiy pburedyintOMBO nl. cold water. No
'acetylation pfoduct insoluble in water separated. ’,
Since the product could be soluble in Wafer; thé -

solution.was evaporated to near dryness, when only

a brown syrup was obtained.

- The Mannich Hydrolysis.‘;

(a) Tuber.

o

The hydrolysis method of Mannich was tried

4

next. This consisted of suspending a sample, of -

the purest form of saponin availablé,,in acetohe,
thén passing dry, gaseous hydrogen chloride into.

.theAsuspension,(28>k
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For this, a 250 ml. flask was used for the
acetone~saponin suspension (150’m1.), and the |
hydfogen thoriae passed from a generator (éOn—'
centrated hydrochlorié acid and conccntrated
sulphuric acid) through a‘caléium'éhlbfide

e naion. (29) "
dryingtower into the suspension. . The
hjdrogen'chloride was paSSéd into the suspensionr
fof 1 hour, at the end of which time the séponin
-appeared to have gone nearly completely into -
solution. ‘Thé acetone had bocome y@llow in the
course of the experimgnt, 'Tﬁe insoluble portion

was filtcred off.,

Half of the acetdhe—saponin solution was
boile@ under reflux with 5 ml; coﬁcontratéd sul -
'phuric acid for 1 hour, thé colour of the' solu-
fion.changing to darkbrown. The other halﬁ wWas
leff to stand onvornight, when 1it.also became
ﬁeariy darkbrown in colour.

On Coolihg a white material separatedtfroﬁ
the portien which was boiled with fhe sulphuric

. ' ! - [} :
acid, The solution was placed on a boiling water- -

bath to expell the acetone, water being added from
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.
v

time to time to replace it. The solution was
cooled, shakeh-with ether to cxtract fatty mate-
‘rial, the water layer sepereted oand after decolo-
rizatioﬁ ﬁ}th charcoai, evaporated on a water- |
bath. Smail whité needles saparatéd on cooling.
These were filtered bff, wéshed with ;pld dis-

tilled water and driecd,

When‘this crystalline product was burnt
on a Ptlfo%l,'itwchafred'andva white residue was
left behind.  Therefore, again no organic cpysF
’fallin@ material'COQId be obtained by this

.method of hydrolysis,

Due to a lack of time, no further experi-
ments were carried out using this method, and

no crystalline sepogonin could be isolated.

;

»
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CHAPTER IV,

Tozlclty of Saponln to Flsh and Chemlcal tests on
toxic compounds, '

In the work carried out by the 'previous workers
on the,tﬁber and the aerial*portionstf Neofautanenia

. . 1 . ' . ‘
Edulis, substances which possess fish-toxic properties

4) .

were found(l As it was suspected that the toxic

properties may‘belpartly due to a saponin present in
the plant, the saponin fractions isolated by the differ—”
ent methods. described in the previous chapter, were sub-

‘Jected to fish-poisoning tests,

Methods for determiniﬁ@ the ﬁOXiCity of sub-
stancos w1th flsh—pon.sonlnb propertles, are found in
the Work carried out by W.A. Gersdorff(24), and fully
dlscussed by Van Duuren(e) The tests carried opt on
fish in the ppesent,work were done, not to determiﬁe
.toxicity curves of the crude saponin fractions; but.
only to determine whether or not these were tokic'td
fish. As a‘saponiﬁ is a\watefsoluble subStance, there

(1)

was no necessity to use dcetone as a solvent

As was found by previous workers, the fish

which gave the best results; were guppiles, Leblstes

réticularus, and ?oldflsh Carass1us auratus
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Solutions of the substances were made by dié—
solving~about 055 gm. of the substance in 20 ml.
distilled water, and adding thié éolution_to 250 ml,
distilled water in a 600 ml. beaker at 20°C.  This
temperature was about the same as that of the water in
the tanks from which the fishhwepe taken and should be.
controlled or kept constant within l°C,_ Two fishes
of 15 - 20 mmé° length were added to each'test solu-

tion as a control.
‘The following samples of the proposed saponin
were tested: | ,

Test solution number. Description of'dissolved

material.

I | Saponin from Barium hydroxide
precipitation. (Aerial
portion). :

‘ II - ' Saponin from‘Lead Acetate
P . ' precipitation (Aerial
N : portion).
F \

IIT ' Saponin from Lead Acetate
. precipitation (Tuber). .
IV Saponin from Chloroform

- Procedure (Tuber).

v ‘ Precipitate from IV after
removal of saponin by
boiling water. (Tuber).
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Test’solufion number. Description of dissolved

-material.

VI Saponin soluble in bo:.llnfr
' ' water from IV (Tuber)

VII . Saponin from ether precipi-
‘ : tation in alcoholic ex-~
tract (Aerial).

VIII | Saponin from ether precipi-
: tation in alcoholic extract
(Tuber)

Sélutions number I to VI were non-toxic to the
fish after an hour of immersion, but VII cauéed irri-
‘tation after 15 minutes and death Withiﬁ 45 minutes.
Solution number VIIT caused irritation after 5 minutes
" and death within 20 minutes.

This again proved fhe'fact that the tuber is
more toxic to fish than the aerial portion; since fish
survived about twice aé>long inAsolutidn number VII
than in number VIII; '.Fresh_aqueous extracts of the
aerial protion were unfortunately'not tested for
toxicity, but in the case of the tuber, these tests
were cafried out in the same manner as deécribed'abéve.

In one beaker, two goldfish, Carassius auratus, were

placeé'and in another two of the Lebistes reticularus.

After 12 minutes the oldfish were lame and diéd within
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lS'minuteso The Lebistes survived lon)er ~Jor—

tality sbttlng in only aLLer 20 minutes immersion.,

. . =~ '
This showed that there/are fish—toxic Sub-

“

_stances present in uhc avucouo exbr acts of the Dlant
"but ‘that in the course of the processess used'for

purificaticn as described in the previous chapter,

the toxic_substanceS\had\been lost in one Way.dr

another, except in the case of the etheraté for-

‘mation from the alcoholic extracts.

The same aqueous extract of the'tuber, was

allowed to stand for one month and toxicity tests
again carried out.in the same manner as above.

After 20 minutes the fish, Lebistes refigularus

'wereﬁstill alive, grew lame after about 30 minutes
and died only after an immersion of 40 minutes. In
a freshly Dreparod extract as shown above, the fish

were deflntoly dead after 20 minutes had elapsed

@
5

Similar. experiments Were'carried'out With,the

'originallaqueous eiffacts prepared'from the aerial
portion, which had been standing for a few months.
Fish‘placed in these'solufions only died after?an

immersion of necarly three hours.

v'Unfortunately;no tests had beénJcarrigd out

N
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‘with the fresh extracts from the aerial portion;

But according to the results obtained with extracts
from the tuber it mﬁst be expected that the saponin
in the aerial portion of the plant, would similarly
be decomposed or hydrolysed on Standing. iThis is
especially so seeing that the same“fungus grew on all
the aqueous extracts, both from the aerial portion
and the tuber when exposed to thq atmosphere.

Chemical tests carried out on the toxic substances
VII and VIII.

The following cheracteristic tests for saponins
were carried out to prove the identity of ‘the fish-

, toxic substances VII and VIII,

1. They were readily soluble in cold #ater,
. and on shaking produced a'stroﬁg stable. foam,
This is the most characteristic property -

of saponins,

2. They were amorphous and could not be crys-
tallised. . A

3. Concentreted sulphuric acid on the solid
substances gave at first a yellow colour, which

darkened on 'standing, eventually turning to a

";a'
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dafk redlor nearly violet coloration.(25)
Sdponins produce é yelloﬁ colour chaﬁging

tp’violet on“éadition of concentfated sulphufic

acid. | _ .

4.  With ferric chloride and potassium ferri-
i

cyanide & precipitate of Turnbull's blue was ob-

tained, which indicated reducing properties .of

the samplés,<l5>

5. "Aqueoys solutions of the substances were

capable of forming stable suspensions with water-

insoluble substances.. . :

G. Salkowski reaction(8> #ave a reddish colour
i.e. the addition of concentrated sulphuric acid

to chloroform solutions of the substances.

t




-44— ’

CHAPTER V.

Invéstigation of Crystalline Compounds Isolated.

Dxporlmonts wcro c“rrled out ‘on thc follow1nv
cryst 21line compounds whlch were isolated in the

course of this work.

“(a)  Crystalline deposit ffom aqueous Extracts.
After the concentratéd aauéous extracts. of the

aecrial had been left to stand for aboﬁt four months,

crystalline ma terlal could be observe >d on the bottom

of the flask,

" These were filtered off and dissolved in Watef.
A largeuportionlof the crystals were readily‘soluble,
but séme cubic crystéls remaiped ﬁndissqlved. ‘_The
aguecous soluﬁioﬁ Was'cohcentrated on a waterbéth? ~
wheﬁ a mixture of needle-shaped andnplaté—like '
cfystals séparated. These were however, vefy impure -
aﬁd contaminated by a large anount oE resin, A
chromatomraphlc separatlon of this mixture was attemp-
ted on a column, 1 x 25 cms, of activated alumlnlum

.oxldo. Acctone whlchAwas generally used for chroma-

tographic separations, could not be used as solvent,

\
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'vas the crystals were insoloble; Water was used as

Ehe solvcﬁt,‘ A yellow bana formed on the‘dluminium
oxide and a brownlsh—yellow SOlUblOn paSScd through.

The'eluato which had a much lighter colour than_the

original’ solutlon, end\appearod to be compqratlvely

free of resln, on cvuporatlon -again ylclded the

-

organic crystalline mixture.

This mlxture could not be eeparated into
its components by crystallisation‘from various solfl
vonto, nor by oxtractlon of their aqueous soluﬁlon‘
with lmm1501blc oolvcnto. The crystals behevedb
. however as if they were organic in oatpre} since they
charred .and burnt away more or lese coﬁpletely when

heated on a Pt-foil.

(b) Substance I. | ..

About 1 gm. of the brown syrup, bractlon B

'from the chloroform proce dure was used in order to
| preparc an -osazone from it. In: thls way, any
h sugars’ present could probably be 1dent1f1ed The

following procedure was used:—(26)—

1 gm, of the material was Dissolved in 10 ml.
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_ distilléd water in a boiling—tﬁbe.' In another
) tube, 3, 5 mi' ’lac1al acetlc acid was dlssolved ££
10 ml. dlotlllcd wutcr, 2. 5 ml. phenylhydra21ne added,
and the- mlxtﬁrc shaken until a clear solutlon of
phenylhydra21ne'acetate was obhtained. This solu-
tion waé added to the proposed sugar solution and

. gently stifred with a glass rod. The b0111nvtube

: « was lightly corked, placed in a b0111n0 waterbath,

heated for one hour and left in the bath to cool,

- f Slncv no crystals scparqtcd on cooling theA
solutlon was transferred to a small dlSh and allowed
to evaporate. After stanulng overnight, yellow
crystalé, in the form of clﬁstefs of long thin - L

‘ . : - /

plates, separated. These crystals_appeaied very

similer to those of maltosazone. However, after a

second cfystqllizétion from Hot Wﬁter ycllow plates

in the form of Clmstors were obtained, Whlch hcd a
“melting point of 127 - 130°C (uncorrected). ?he
- melting point of mgltosazone is i9O - 19100 and a

freshly_prépared sample of thls oubstance also showed

‘distinct differencés as far as crystalllnc form is

concerned, 50" that thc product obtulnoa was not malto—
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sazone.,

: - L X
The substance, Bubstance I, was purified by

two further crystallizations and after drying in a
drying-pistol, it was znalysed by ﬁf. Wleiler at

Qxfordt Hc Obtuand to following rc;ults
C: 64.20% - H: 6.89% O : 10.27% N : 18.6%

The ﬁolecui%r e 1vht of the substance was
dotormlned by the author, u51lg the Micro-Rast
nothod(27) and found to be 151. The formula
8HllON2 giyos a molecular wqight of‘lBl,and,the. ;h

formula was taken as correcct, So far however, this:

“compound has not been identified.

- (¢) T'Substance (xi).
This substance scparated in. impure state

from the crude clcoholic extract prepafed by R.R‘

Arndt from the zerial portion of the plant.<l>

Since it is practlcallv 1nsolublo in uthyl
alcohol, it coulu be oar 1ally purlfled by emtrﬂctlon
with this solvcent, which dissolves fatty and other

impurities. The crystalline residue was further

purified by érystallizatioh from ¢thyl alcohol con-
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talnlng a small amount: of dlstllled Water, from
Wthh it separated as- colourleas needles with a

melting point of 335°C,

The compound; Q&éﬁ aftef thorough éurifi_
cation; was found to contaio éomo inorganic ﬁate—
rial, which proved to be potassium. A small |
sample'of the purce substance wéé fhereforebdissol4
ved in a little distilled water and acidified with
" a feﬁ dfops of concentrated hydrochloric~acid.
From this solution onlj fatty material oould be

oxtroctcd with ether, no crystalline material being

obtalned.

A larger‘portioﬁ of the substance after
heating with concentrutod'hydfocblorio acid on the
terbath for one hour, was cxtracted w1th ethor to
remove fatty matcrlul and the aqueous solution eva-
Doratod to a small volume. On coollng, yellowish—

whlto crystals sopﬂr ted from the solution. These

were collected and subjected to highvacuum subli- c

mation to attempt a separation of the organic portion.
‘Even at a vacuum of 2 x lO;chs. and 2OOOC only
small amount of a fatty subllmate was formed, but

no crystalline material Was'obtained.
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CHAPTER VI.

 SUMMARY,

The object of the present investigation was
to extract and.isolatc the fish-toxic saponin prc—
sent in the tuber and the @aerial portions of
Neorautanenia Edulis C.A. Sm, Various methods of
extraction were attempted, and the best found to

be that with hot 95% ethyl alcohol.

Regarding the isolation. of the sapoﬁin,_it Was
found that the.etherate formation with the alcoholié
extract, proved»toAbe the most satisfying. Various
‘othér methods were also tried, but none of them gave

“a fish-toxic saponin.

- Toxicity tests on fish were carried out, and
the most toxic compbund found to be that From the
Gtherate formatibn;.mentioned above, The toxic4
compounds were further purified by extraction with
cthyl alcohol, extracfing the saponin and lecaving
an insoluble meterial which was identified as. cane

sugar.
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Various methods of hydrblysiS'Were attempted,

but the sapbnin'wbs resinified by the -concentrated

hydrochloric acid.:

The purest form of the toxic saponin ob-
tained had a yellow syrupy nature. - It was very,
toxic, to fish, but could not be hydrolised in order

to identify it, | : B
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