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'1'111-: Pr..1:--T .1s .I SToc l\: Pm sox. 

'J'Ji l•) pbnt /)/cJI((p(' [ llfttlll l' lj iii OSlllll (Cfw iJ/chr~ l ' ]j?nOSII) or " (:l if
blnar " is one of l ite mosl ,,-eU-kno,,-,1 poi sonou~ plants of ihe T nmii
vaal. B elong-iHg- to I he famil y Di ch a peta.laceae, a Slllall t ropiGal 
Luni l)· of lrer.'l o1· mH1cly ::;lrruh-;, i l i ~ ! he so le l'f' JII e::;e ntative \\' hi cl1 
h<J s de1·eloped a -;ub te tTall f':t n ltabil. It is nn 1tnde rgrouncl slnuh 
po~sess ing ln·anc hes . m an-'· of which attain g-rea t length and f rom 
"·hich small .-;hoots :::::;rend to the c; urfa•·e, there giYing- ri se to th e 
familiar tuHs of green lanceolate-oYatP l e~n·es :wd inconspic ttow: 
fiOI\·ers . 

A good rlescription of lh e pl:lll t is to l~e fon ntl in t lw puhl ica tiou ~ 
of Phillips (1821) and of }[ogg (1930) . L eeman (personal c-oinmuni
cation ) has Tecently l1istin gu is l1 ed seYeral Ya !·ieti es. ' l'he G-i fblaar 
h::1 s a Yery l imited llistrihn t ioH i 11 ~outh .\ hi ca , being- pr:tctira ll~
confinecl to t he 'l'T:msYaal a ncl no t OlTnn·i np: south of the delimitation 
~LlfekiJJ g, Li<hl e nlnug-, P 1 eloria, ~[iclclelbmg . noT east of ~Iidrlel
buTg--Pi etersh nrg , bei.ng thtb t'onfinecl to th P lower altitudes. T.h e 
problems of il s di strib ntion h:ne been discussed by Burtt-D avy (1922). 

A s a stoc;k poi soJJ , the U ifh l:un appears to have b ee n known to ihe 
ea rly c:ettlers, an d a fairl .1· exleusi n• lil e nl1 ure exists, l t>fcTring- to 
its tox ic p1·opert it>s . A r·crbi 11 .-;eclso nal 1'ar.iatio11 in the in cidenc-e 
of p oisoning, pro n1p tt>rl tht> st udi es, e:denrl.ing- O \'E' I ' t \TO years, Ullll er
tab' n by Sir Arnold 'l'heiler an1l hi s collabondor s :li t hi s Laborator y , 
a r eport of which is to be fo und in lhe adicJe b.'' Steyn (HJ28) . It 
,,·a s sh own tl1at p eriocls of maxi.mmn t ox il·it-'· fall approxi m:l!ely in 
the seaFwn s Sep tnmher-Oclober . ancl ~laTch-April , respectively, hut 
rlepe ndi ng- lo w n1 e ex tent upon clitn at ic <·O II(li.t ion s, ii!ll es during 
whi.ch th e pLtnt is prorlucin g Jle l\' y 01mg leaYPs . 'J'h e hear ing of soi l 
tem peratures upon thi s cyd e has been itnestigatell by ~Iogg (1930) . 
F rom a stock-own r r 'R poin t of Yiew, t his Yari:l tio n in toxicity is of 
importance since it is just at these two season s that fresh , g r een 
grazing is apt to he scarce . 

It h as also bet> n obserYed tha t the onset of toxic symplorns appears 
to be accelerated ,,·h en tbe animal partakes of water immediately after 
feeding on Gifblaar. 'l'he ready solu bili ty of t h e toxic principl e in 
water h as bt>en adclucecl in explanalion of this ph enom enon. 
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CHE~liCAL INVBSTIGATIOKS OF " DICHAPETALU~I CY:YfOSC:M ". 

PREVIOUS Cr-lDIIC.-\L AKD ToxiCOLOGI CAL I:xvEs Tic;_\TIO::>s. 

ComparatiYely little "·ork has been published upon the cl1 emistry 
of the " Gifblaar ", and nothing is ldwwn concerning the naturr of 
the toxic principle. At one time, the plant wa s thought to conbin 
a cyanogenetic glucoside, following upon the report by the Imperifll 
Institute that prussic acid had been detected in the lea-..-es, hut t his 
" ·as not substantiated by further investigation . 

Green, as stated by ~teyn (1928), found the toxil: prineiplr to 
be t h ermostable, water-soluble and insoluble in chloroform or ether; 
furthermore, it was not precipitated hy basic l ea d a<..:etate nor by t h e 
usua l alkaloidal reagents . Green finally obtained a pale yellmY syrup 
whi ch was still contaminated by sugars hut toxic to rabbits in dose,.; 
of 0 ·1 gm. per .kilo wh.en gi-..-en subcutaneously . 

PmYer and Tutin (1906) have recorded a chemical !'tudy of the 
fruits of the closely allied plant Cha.£ll etia totviccuia fl·om Sienn 
Leon e. They came lo the con d us ion that i.h e fruit conta ined at least 
two actiYe principles, th e <me causing depression or narcosis, t he 
oth er , exci tation leading to epileptiform conntlsions. Some eYiclencr 
was add uced suggesting a cumulative effect h~· the latter . The 
main part of the toxic material was soluble in \1-f!ter, only. 

More recent ly , Steyn (1934) has demonstrntec1 t hat an a<·id 
environment (clilu te acetic acid at room temperature) has no effef' t 
upon extracts containing the active principle of Gifblaar. 

:JionE OF Acnox OF nm Poi sox . 

·with regard i.o the mode of action of the tox ic constituent, little 
is known with cer tainty. A ch aracteristic post-mortem appearance in 
animals poisoned by the plnnt is the flahb,\· dilated state of thr 
ve ntricular \Yalls of the h eart . P.ower and Tutin, in Chailletia 
to:cicaria poison i 11 g, report post-mortem ~_;ere bral congestion and 
thrombosis of the superior longitudinal sinus . 

An interesting ~_;ase of human poisoning (noi fntal) by Chailletla. 
to:cica.,.ia is 1eported by R enner (1904). A natiYe of Sierra L eone hflcl 
eaten some fi sh dusted with the powdered fruits of t l1 e plant as a 
1·at poison and within hal£ an hour becam e ill. The symptoms \Yere 
vomiting, diarrhoea, muscular twitching, \\·eaJmess and loss of po,Yer 
to u se t h e limbs. Th e lendon reflexes became aboli sh ed and some 
hyperaesthesia deYeloped. Vision was slightly impflired. The man 
made a slow recovery during the course of two weeks hut, whrn 
discharged, he still had diffi culty in walki11 g. 

Gifblaar is a very serious menace to stock in those parts of i.he 
Transvaal in \Yhich it gr0\1-s. Its e1·adication presents gTeat difficult:-· 
on accol~nt of th e underground stem s, many of which may excee<l 
40 feet m length and be fouud at depths of G feet or more. No 
reliable remedy for poisoning by the plant is known. 

ScoPE OF TUB PRESEXT ExrERDJEXTS. 

_The ?bject of thi~ communication is to report certain results 
obt~med m a systematic study of the plant and lo deF;cribe attempts 
wluch have been made to isolate the toxic princi ple by new methods 
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CLAUDE RIMINGTON. 

" ·hich have not pre~iously been employed in this case. A good deal 
of indirect information has been obtained concerning the nature of 
the toxic principle. 

The plant material used in these experiments was all collected in 
the Pretoria District at various times . The ~LL.D. for rabbits was 
usually ± 2 · 5 gm. dry material per kilo body weight. 

(a) E .vtraction Etcperimen ts . 
A Yariety of organic solvents was employed in the hope t hat 

one could be found capable of remorin g the toxic principle. All 
extractions were made in the Soxhlet apparatus and both extract and 
plant r esidue subsequently tested for toxicity. :X o anhy drous solvent 
was found capable of removing the toxi n. 'l'he following were tried 
with negative 1·esult::; : chloroform, ether , petroleum ether, carbon 
tetra-chloride, nitrobenzene, aniline, formamide, anhydrous acetone, 
absolute alcohol. The tox in " ·as dissoh-ed out readi ly by cold water. 

(b) Prem.p'itation E xzJe1·im ents . 
:X one of the alk:-d oida l reaftents precipitaled the toxic material, 

ueithe1· vvas it r emoved by basic lead acetate alone or followed by 
ammonia, hy phosphotungstic acid, mercuri c chloride or acelflte, 
flavianic acid 01' by any other substance tested. This would point to 
a neutral or amphoteric molecule po,.;sessing neither acidic nor basic 
c.:haracters. 

(c) Systematic Ercamination of an Aqueous E.vlract. 
An ~'lttempt '"as ma Lle to r em.oYe as much inert materifll as 

possible hom an aqueous extract of. the plant, hoping to obtain, 
finally, a toxic material of sufficient purity to ('any ou t further 
specialised tests. The plant constih1 ents removed at each stage 
were subj ected to a preliminary examinatio11 and yielded certain 
interesting results. 'I' here were thus isolated: a tannin , a glycosidal 
pigment (methylpentoside), two bases, one of which proYed to be 
the alkaloid trigonelline, a hi stidine-like m ater ial, and a complex 
polysaccharide of the uronic acid type. 'l'he detailed procedure is 
described below. 500 gm. of dried, ground Gifblaar leaves 
(M.L.D . ± 2·5 gm. per kilo) was thoroughly extracted in a peroolat or 
by water at 60-65°. To t he combined extracts measuring seven litres 
in volume, sufficient basic lead acetate was added to produce com
plete precipitation. The orange-yellow precipitate was removed, 
washed with water and then ground with dilu te acetic acid, thereby 
affording an orange coloured solution of an acetic acid soluble portion 
and a greyish insoluble r esiclu e. Th e soluble fraction was r eprecipi
tated by addition of ammonia and both prec1pitates were decomposed 
by hydrogen sulphid e. 

TAKKIN FRACTIOX. 

The neutral lead precipitate yielded a tannin which was thrown 
out of solution by addition of sodium chloride . \Vhen collected on 
the centrifuge, w~tshed and dried, it formed a dark brown amorphous 
powder . · 

Microanalysis : Ash 0·35 per ceni.. 
0 H 

- 49·GO 5·42 
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CHEMICAL INVESTI G _\TIONS o :F " lHCI-IAPETALUM CYMOSUM ". 

In order to gain further insight into the nature of this substance, 
a portion was refiuxed for one h our with 25 c.c. of a 2 per cent. 
solution of h ydrochloric acid. The solution acquired an intense deep 
crimson colour and a considerable quantity of a red amorphous 
substance, " t annin reel " or phlobaphene, separated . After cooling, 
the filtered hydrolysate 'n.t~ extracted wi th ether, the solvent 
dehydrated and allowed to evaporate. There r emained a small 
quantity of a crystaliine substance which was identified as catechol. 

Crystalline material fron1 l1 y drolysed t annin . 

·yrith FeCl3 g r een colour tu rning to mauve on adding sodium 
acetat e . 

Ammolliacal AgN0 3 reduce<l in the cold. 

:YI. P . after recrystallisntion from benzene 103° . 

The acid li<]nid hom " ·hich the catech ol had been r emoved ·was 
neut ralised by sodium h y droxide, extraneous mater ial removed by 
lead acetate and Jead by hyclrogen sulphide. .\fter r oncentration it 
'"as tested and fou n d to reduce Fehlings solution on boiling. 

'l'he t annin belongs ther efore t o the class of catechol tannins. 

G r.YCOSIJJ.\ L PrGJ\n;x-r Fn_\CT I OK. 

The solution remaining after l'eJnoving lead from the basic lead 
precipitate had a deep orange-yellow colour. It "·as 1·ep1·ecipit ated 
by basic l ead acetate and t he precipitate clecomposecl by grinding 
with dilute sulphuric acid. A slight excess of acid was removed 
from the filtrat e b~r barimn carbonate and t he filtere<l , deep yellow 
solution concentr ated on t he ,,·ater bath to the consistency 
of a syrup. Alcohol was then added to produce complete precipih~
tion and th e material centrifuged off and '"ash ecl with ether. 

It formed a brigh t yellmY amorphous powde1, mode1·ately soluble 
in water and corresponding in quantity to about 1·7 per cent . of tbe 
weight of dry plant t aken . It was non-toxic. vVith ferric chloricle 
solution i t gave a greenish coloration . On acidificat ion of a solution 
the yellmY colour became Yery much less intense . 

It did not reduce Fehlings' solution. 

That th e substance was a glycosidal pigment \Y8S demonstr atecl 
by acid hydrolysis. 

0·05 gm. was refiuxed for one h our ,,·it h 25 c.c. of 2 per cent. HCl. 
and the r esulting solution extracted with ether, which removed a 
mat erial g iving a green colour wit h F eCl 3 solution . The acid liquid 
was n eu tralised, cleared with lead acetate and found to give 811 

intense Molisch reaction and to reduce hot Fehlings' solution. The 
osar.on e was p repared by add ition of 0·1 gm. phenylhyclrazine hydro
chloride, 0·2 gm . of sodium acetate and h eat-ing in the usual way. 
It was recrysbllised from alcohol ancl had M .P. 180°. 
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CLAUDE RIMINGTON. 

Mixed with Rhamnoseosazone of M.P. 181° the mixture melted 
at 180°. 

Microanalysis: ~
Found 16·37. 

Rhamnosephenylasaz.one C 18H 220 3 N 4 requues 16 · 27. 

The substance is therefore a glycoside of the methylpentose 
rhamnose. The aglycone was not further investigated. 

::'11AIK FILTRATE I>ROM nm BAsic LEAD A cETATE PuECIPITATIOK. 

'rhis was concentrated, under reduceu pressure, to 500 c.c. Of 
the pale yellmY liquid, 10 c.c. killed a 2·3 kilo rabbit in three hours 
\Yith symptoms of typical Gifblaar poisoning . A carbohydrate 
material was removed by the addition of 20 per cent. sodi um 
h ,yclroxide solution until further precipitation ceased. This occurred 
when the mixture was about normal in sodium hydroxide . The buff
coloured, some\That gelatinous precipitate was centrifuged oft :mel 
washed, then dissolved in warm, dilute sulphuric acid, using such a 
quantity that the final reaction was approximately neutral. A ;.;mall 
quantity of insoluble material \\·as filterell off and on the pale, yPllow
bl'own solution certain qualitative tests performed as follows:-

'f'ests wpon Polyso.crharide M ate1'1·a1. 

Moli;;ch t est.. .. + intenRe. 
Bi m·et test.. ........ ...... ... .. 
Millon's test.. ....... . 
Ferric e:hloride ............. . 
Fehling's solution ....... .. .. 

Ammoniacal silver ni trate 
Orcinol test . .. ......... .. 
N aphthores·orcin test ...... . 
Lime '"ater .... 

faint green colour. 
not r educed ; red uce(l after ari (] 

hydrol:pis. 
reduced on \Yarmiu g. 
± 
+ 
small "·hite precipitate. 

After hy<1rolysis by dilute sulphuric acid. a considerable 
quantity of calcium sulphate seporated and the hydrolysate gave 
positive reactions for sugars. The polysaccharicle material " ·hi ch 
was not soluble in absolute alcohol was not further investigated as 
tests proYed i t to be non-toxi c. It is probably a colllplex of the uronic 
acid type. 

'ro the alkaline mai.n filtrate from the ca1·bohyclrate precipitate, 
sufficient acid was added to bring io neutrality. Since tests for free 
reducing sugars "·ere strongly positive and these materials, as 
recorded by Green (see Steyn, 1928), ah·ays accompanied the toxic 
principle in every attempt he made to isolate it, it was decided to 
remove them completely n.t this stage of the general investigation. 

The exact quantity of reducing sugar, calculated as glucose, "·as 
determined upon an aliquot of the main solution using Benedict'~ 
quantitative solution and his method of rletermination. 
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CHEMICAL INVESTIGATIONS OF " DICI-IAPETALuM CYMOSUM " . 

Thus, in one i nstance, 25 c. c. of reagent ( = 0·05 gm. Glucose) 
r equired 33·5 c.c. of 1 in 10 dilution of t h e main solution to· effect 
complete reduction . Since the total volume was at this stage 750 c.c. 
there was therefore present 11·19 gm. of gl uco. e in all. 

F 'or precipitation , basic lead acetate solution (accurately titrated 
by m eans of ammonium molybdate) nncl sodium hydroxide were 
added in the proportion;;-

2 C6 H ,2 0 6 : 5 PbAc2 , l 1 b(OH)2 : 10 ~aOH 

tlwt is to say, 156·6 c.c. of bnsic l ead acetate solution (;ontnining 
56·14 gm. basic sal t per 100 c.c. :111d 12·43 gm. of KaOH dissohec1 in 
about 100 c .c. water. 

The llense precipitate " ·ns 1·emoYecl by ,;udion, the filtrnte 
neutrnlised and excess of l ead 1·emoved by hydrogen sulphide. The 
pale sha'l'.·-coloured filtmte (1,020 c.c .) contained uo 'reducing sugars 
but r etained its original toxicity to 1abbits. 

Tests performed at thif:l stage indicated th e presen ce of. basic 
materinls which could l1e precipitated by me1·curic chloricl e ancl 
phosp l10tungstic acid respectively. 

Accordingly, the bulk of the li quid " ·as reduced by Yacuum cli s
iillatiun to 200 c.c. and a fair excess of saturatP(l mercuric chloride 
solution added. After fou r days, the preci pitate \Yas r emovecl and 
mercury eliminated from both fracholls. 

:JlERCUllTC O'IJLORIDE PHECIPITA'.n :. 

'Th e con centrated H g-free ,;olution of t h is fra ction "-as Yery clark 
brown iu colour al}(l r esisteJ attempts to decolorise it. Some tarry 
material " ·as, however, remo\·ed and the follo"·ing tests per formed 
upon the filtrate : -

Biuret reaction ... ........ ..... . 
:Jiillon reaction .. . .... . . . .... . . 
);i'inhy d1·ine r eaction.......... ± 
Diazohenzenesulphonic acid + + intense red primary colour; 

after r edu chnn, etc ., yellow. 
Phosphotung;,tic acid .. .. .... ± white ppt. soluble on heating 

but reappearing on cooling. 

The reactions suggest histidine or a histidine-like substance. 
A.ll attempts to obtain pure histidine hydrochlor ide from the mixt ure 
were, however, unsuccessful. 

The main :6ltrate f rom the mercuric chloride precipitation w-as 
still toxic. Sulphuric acid was added to about 5 per cent. concen
tration and phosphotungsti c acid added so long as a precipitate 
formed. A Yer_v large quantity \\·as r equired . The bulky "·hite 
precipitate was filtered off on a J ena glass filter, washed and decom
posed in the usual way with hot baryta . The colourless liquid h ad the 
following characteristics. 
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CLA"LliE 'RDHNGTOX. 

SoLUTIOK OF BAsrc FnACTION PREClPlTATED BY 

PHOSPIIOTU)IGSTIC Acm. 

Dictzobenzenesulphonic acid 
Wagner's reagent .......... . . . + Amol'lJho Uti Jn·eCl p1 tate, with 

fine spear-like prisms appear
ing but collapsing to oily 
,1rops Oll audition of 'Yater. 

Dragendorff' s reagent .... . .. . + 
Aloxan reaction ............... . + + red-violet changing to Yiolet 

blue on ncldition of tiodium 
hydroxide. 

Solution boiled wii.h I\aOH Alkaline, ammoniacal vapours 
evolved. 

It \nls clear thnt a mixture of bases was 1)l'esent, among»t which 
choline waR su»pecte<l. 'l'o n port ion, evaporated to dryness and 
i.aken up in absolute nlcolJOl , an alcoholie solution of mercuric 
chloride '"as add ed. 'l'be p1 eci pitate '"as centrifuge<l off, \Yashed 
with 96 per ('ent. aleohol a11d decompo:;ecl. 'l'h e solution was foun<l 
i.o give the F lorence reactio11 with Io<line in potassium iodide. On 
0vaporation a hygroscopic crystalline 1·esidue was left-presumably 
choline hydrochloride. 0·10 gm. dissolved in 0·5 c.c. water >Yas 
inj ected into the dorsal lymph sac of a frog (ll1Ljo ?'e.rrtla1'is). \Vitl1in 
a.bout ten minutes respi1·atory distress was noticed; the ::mimal 
gradually lost all re{{exes and died :fifteen minutes after <losing. 

1·3 gm. was given per os to a ra hhit but no untoward symptoms 
" ·ere n oticecl. 

Lack of material preyen ted a more rigorous identification, but 
all the evidence pointed to the identity ·of this base \Yith choline. 

To th e remainder of the phosphotungstic a.ci<l frnction, auri<> 
chloride was acluerl in excess, the preeipitai.e removed and rlissolvecl in 
" ·arm 1rater. On cooling, stellate aggregates of a n,vstalline gold 
salt separated. 'l'hese '"e1·e wa shed '"ith '"ater and alcohol and had 
:YI.P. 185°. On analysis they proYed to be the basic gold salt of 
tTigonelline which has :M:.P 186G 

:MicnJanal,\·sis: 

Found .. .. ... .. ............ . 
(C 7H 70 2N)4 · 3 HAuCI4 requires 

c 
2H)4 
21·41 

H 
2·51 
1·98 

N 
3·63 
3 57 

Au. 
36·!)4 
37·73 

The normal gold salt " ·as also prepared h:v recrystallisation 111 

excess of acid auric chloride solution. It had M.P. 194°. 

Trigonelline au ri chlorirle melts at 197°. 

:Microanalysis : 
An 

Found. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 · 97 
C,H70 2N4 • HAuCI, require;. . .... .. . . 4·1·31 

In all about 0·2 gm. of gold salt was isola ted. 
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T he ::dbd oide trigo nelline is \Yi uely distributed in the veget:~ble 
klng clom and is 1n·acticall y non-tox ir·. Hs comt itu t ion is-

'l'he mni n tiHrale W<l " fre0rl from plw . .;ph ntung·stiL· acid hv ll1P<li i S 

ot b:nda mHl cO IHr'ntr,decl in Yac uo to 200 c.c . lt ret :1i. nerl iis 
migiw;l toxicit·y, l he equi.va l0nt of 10 gn1 ~. of pla n t proving f<llal 
lo <1 nll,bit . 

0 11 eYap oratio n , a l::nge :l nlount of cr.\· ~talli11 r ino rg::lll ie ma te ri,d 
se]J:lraterl. T l1 e :tn :1 ss w ac; cxhadecl h :v h ot <)8 pr•r re 1il . alco hol "·h irh 
r f' lllOYed the loxi11 !J nt el imin:1tf'd a Lnge qu:mtit .1· of in o1·g<lllic salt's . 
' l'l te presence of sodium acet:1te l)l'OYecl Yer)- I rouhlesomf' but by 
repeat ed exhr~ctions, a solu tion ,,.a, obtained, 'till high ly toxic in 
rloses of approxim ate]~- 0·1 gm . pel kilo <l ll!l consirl en1hly purifif'rl ns 
compared wit h the origi n:d pl:1nt exhr~ct. Oeri:1in te,;ts \Ye re canierl 
out to g·ain furth er in f01·mation con('erning the nahne of the i oxic 
pr inciple . 

'f'Pst. 

J. Basic le:~ rl acet ate. 
0 Phosph otungsiif' ncid a:tlr1 

a ll alkalo irl :t eagents .. . . -
:l_ :Jiolisch 
-±. B imet .. 
'J . Ni ah ychine .... . .. . .... . ' + 

(;. Diawhem:e ne ~u l pho11ic 
acirl . . ...... ... . 

Concluston. 

Toxin probably not ar.;idic . 

Toxi n not bas ir.; in cha1·acter . 
'l'ox i 11 no! carbob ychate. 
:So peptonrs, Ptf' . , pre.<en t. 
Presence of amin o :.l<'icl s or a 

pnrn:n.1· fl llJ ino grou p 111 
lox in. 

Ab~e 1 tce of phenoli c suh-
, c~ !aJJ(' f' .~. 

T h e solirl n~i rlue r·r,ntaillf'd ::'\ (Lass:1ip:ne's test) bu t neith r r S 
nor h,doge n,; . Th e Ya lu e of He nositiYe Xinh~-cl ri n e r enct ion 11·:~s 
d ifficult to assess on account of !h e f:1c.t tl>:1t any simple amino-:l ('irls 
rler iYerl from t h e protein s of i he ph nt 11·ould hr~ve r e main ed in the 
solution up to t h is stage. A ]JOrtion of t h e resirlue \1·as treated with 
n itrous acid , !he solution hoilecl nnrl subsequenil~· te.-d erl for toxi f'i!~r . 
It pro \·erl to lw as :1 d iYP :1o< hefore, h om ' '"hich it might be concl1Hlecl 
tllat t h e ninh y rlri n e reaction " ·ns g iYen by amino-acirl impur ities or 
co11versel ~r that sh ould :~ pri mar~- r~mino group he present in the 
tox in, i hi s ca n he replacecl by hydroxyl 11·ithout influ en cing toxicity . 
I n a latter experim ent t he absen ce of primary amino g r oups f rom t he 
t oxin \l·as defi n itely proYerl. 
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SPECIAL :\1 ETHOD S OF ATTE~IPTED I SOLATION. 

'f'he essential difficulty underlying all attempts at isolation of 
the Gifblaar toxin IR the <.;ircumstance that the active material I S 

soluble only in wate1· and it becomes extremely difficult therefore to 
remove other water-soluble substances su ch as simple amino-acids, 
inorgani<.; salts, etc., which are also present in the plant extracts. 
It may be noted here that, in the present work, toxin concentrates 
haYe been obtained fm the first time free from all carbohydrate 
material, by use of the technique described above. This removes 
all doubt about tl1e possible carbohy drate 11 ature of the toxin itself. 

Another embarmssing property of the active material is its 
renwdmble chemi.<.;al inertness. No substance has been found " ·hich 
will form 'vith it an insoluble compoun(l , neither doeR it seem to 
contain any easily identifiable chemically r eactive grouping. On 
account of these difficulties, va!·ious specialised methods of app1·oach 
were iuvest igated in the hope of achieYing further purificati on. 

DIALYSJS AND IIIGll-PHFSS lFilE ULTltAFlLTRATlO~. 

An aqueous solution of a highly puified concentrate was dialysed 
in a coUodion bag (prepm·ed hom spPcia lh p1·ep<o reel gun-cotton 
;:;olu tion) against distilled "· ::11·er. Animal test,., slJo\\-e!1 that the toxin 
dialysed readily into the surrounding medium. 

Attempts "IYere then made to use membranes of Yei·y lmY permea
bility, employing- a ;;teel filtration uuit subjected to hig-h pressures 
of nitrogen gas i 11 order to hasten filtration. ~fc. Bain bas been able , 
by similar mea11::;, t o effect a p:ntial filtration of sucro:;e molecules 
from aqueous solutions, so it "1"\·as hoped t11at nn enrichment, at least, 
of the toxin would be arcomplishecl. En•n with pressures up to SO 
atmospheres used in conj un chon "·itL t be densest filters pre parable, 
no appreciable retention of the toxin occUlTed. It mnst therefore be 
of comparatively small moleC'ubr dimensions. 

This metlwcl is one frequelltly employed in the purification of 
materials 'vhich do not <.;rystD llise re ~1clily and which are fairly 
resistant to heat. The vacuum "IYas ol>tain ed by a small PJ'eiffor pump. 
All g lass parts of t he a pparatnR 'vere ( horoug·hly c1ried out before 
commencing- the exp8riment. About 20 gms. of material " ·ns placed 
iu the distilling- flask and the fr.llo1Ying fractions c-ollede•l . 

Oil bctth Vopou1· 
temperatu1·e. temperature. 

Fraction I.. . . !)0- 110° 44-49° 

Fraction II .. .. 120-200° 50-125° 

Fraction III .... 216- 275° 130-4° 

Pres8urc. 

3 01.lll. 

3 m.m. 

3- 4 111 .111. 

Appeamnce of 
fraction . 

Water·clear liquid, acid in 
reaction. 

Pale yellow oil in small 
quantities, slightly acid. 

Yell ow. brown viscous oil, 
pungent smell, alkaline, 
not completely soluble in 
water. 

Flask residue.-Carbonaceous mass smelling strongly of ammonia.like bases. Only a 
negligible quantity soluble in water. 
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Each hndi011 'las dosecl to a ie~t rabbit. 'l'l1e only animal dlo\\· 
ing any symptollls "·as that "hiclJ r eceiYe<1 Jrud ion IU. It lost 
appetite, w as so me,Yhat <lro,l·sy :111<l <lied four <tay:-< a ft er <losing·. 
The symptom~ <lid not sugge~t Uifbl a a r poi soning . 

CJ.early , then, n H·uum <li,-;til1 aiio n <lJid suhl im <lt io n au~ of 110 
an1 i l. 

C'O.Y I ' l~ L-oc .c; Bc-TLI , ,\.Lconor. EXTIU< 'T I OS. 

01Ying to t il e ,., t1ong-l y po~i ti\(; 11inln-drinr read i011 g·iwn h_1· tl1e 
p<tre~t co n!'e n l r:lt e:-: it " "<I S t ltO nglt t possib le th<li the t oxin mi g- it t· lJ0 n 
substan ce of t h e umi 110 acid o1· p e1d.one t _q>e . An·o rdin g-l_v thr 
contin11on ,.; lm t.y I n kubol exlt<l cl io n t e cllll iq ne of Dn ki.11 W;l s h ie( l. A 
purifie <1 con ce ni.rale " ·a ,; placed .i.n a E.uL-;clte r-SleuLh·l ap]Htralus an d 
tlle extr;Jction mainiainPd for six cL! ys . A d eposi t of solid m nt eri<t l 
formed in t h e butyl akohol extra!' I "hicll " ·as nearly bla ck in colour. 
Afte r removin g hui..d a lcolJOl t h e fracli on s "e1 P l P.' t Pcl out upon 
rabb its a s follo" s: -

:JI. L.D . of original con cent r a t e ± ,-J c .c. 

~I.L .D . JP::;iclual l iqui<l <l:fle r t>:d 1adion ±G· ;) c .c . 
Bat~·l. a l c· nhol. exi.rad u,nh!in e cl abou t :) }I.L.D ',; . 

Appnrent I,- but y l nlcoh ol l'PlllOH'~ only tr<J CP~ of ihe ~~ ctiYc 
principle. Thi~ result " -<I S e::;pPciall~- cli sappointi Jlg ~irH·e ])akin 
~ho,,·e ll t hat the s impl<~ <Imino-ac id s . th oug h pracf i('alls· in~oh1hlP in 
lmtyl a l colwl, could hP p::dradecl CJII<l ll titatin•]y l'roJll <l q u ro u;; soh1-
ti.o 11s h,,- nsP of thi s soh Pnl, 11 0 <louht owing· to the n1 on' r ead_,- solu
hilit_,. of ::;o mP JJloditi c;tlion of iltt> nwl<'c tilP, li k<' ilw " Z"·it tPrion ", 
11·hi r·h rt>fo r1J1 s a s soo n a s i. hat o ri g· inaJl_,. pres!' nl ill JlliJill lP qU<Illllf.'· 
h a~ h eP n tn ke n up l1y tll(' :l S\'en d i lip: lmhbiPs of t h r ;tl co.hol. 

.'\'lllll f'l'CJU~ othPr m et hods of iso bt ion " ·pre tr ied lmt .- in c·e nonP 
]Hovecl succe::;sful the d etniled <lesniplion of Pa!'h \Yill he·' omitted . 

.(t \\"<I S th ought that possibly som e <IPriYatin' might ]JP fornwcl b_v 
ta kiJlg' ach·ani:lg·e of t l1 e rea ct i.Ytt .1· of a ~~Toup res i<l c ui in t h e i.oxin 
lll ol ec-ule <lll<l i ndui'ing com bi n alio n " ·ith a sui t.lbl8 n 'l:lge ni. S u ch <l 
d eriYatiYe m i;,;·llf· rra ~ona l>ly b r exp ec te d to l)(hse~.-; ,-;o]ul,ilitles chfl'erE'nt 
f r om the p :nent molPcule ancl ht)nc-e offe1· a c·han c-e of isolation in the 
pure f orm. O f such g r ouping,;. tho~e !llnst likely to lw tn,•;:;cni i1i a 
r-ahnal product are >CO, - OR a11 rl > -:\"II. 

'J.'FS T TOR >CO c;n orPS. 

T o 1() t·.c . of <l purifie!l c·on c-e niT<lle (:JJL]) ± ]() ('. !' .) , " ·ns :Hld o,J 
~ nHi.c iP n t lty ch oc illoric ncicl to r e nde1· t l1 e r;o ltll ion :..? 11o rmal m1cl t h e11 
H c .c . of H ra ely 's rea gPn t (0 · ;) g m. 2:4 <liniho ph <'nyl hych-:17. i ne in 30 c . c. 
of " ·ann :.> n orm<d lt~·droc hlori(' a citl ) . A hri c i;-Jc'd prPc ipita te forme cl 
" ·hich " ·a s ce11hifng-Ptl ofr and \\"<1-i h t> d ,,·ell "· it l1 d ilnt P ncid an<l t l1en 
,1·ater. l •'rom til e m o th e r l iquor. exce-;~ of rPag·r n t \\"<1.-; J·e m on•cl hy 
repeated sh:1king- " ·ith el1loroform , finn l l~· from tlw n eHhalisecl solu
tion. Thi s liqui d was th e11 adnri JJi s ter Ptl to a :z -:1 h lo nllJhit. 'l'he 
:1nimal di ed , indi ca t-ing- tl1 a t til e tox ir prin r iplP had llof· h t>Pl l rPlll OYPd. 
l t i s s:1fe to c·ollCliHle th Arefore th aL in :1 ll pr-ob:1bi lit v no >CO or 
- CHO g roup is preseHt in t h e tox in m olec-ule . 
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T EST ]:'01{ P R E S E KCE OJ:' -· OH OR >XH GllOl:l'S . 

Hoth the hydroxyl - OH and imino >~H groups are capable of 
being benzoy la t E' (l by means of henzo.vl chloride and the <l eriYatives 
formed have usu ally lesser solubility in \Vater and greater solubility 
iu Ol'ganic sohent s than h aYe i.he p;nent molecules . 

Acco r< liugly, 20 c.c. of t h e same toxic preparation as 11·<1 s u se(l 
in t he preYions experiment ( = 2 OYI.L.D.) was henzoybi.ed \Yii.h benz-oyl 
ch loride mHl ;;odium hy ch oxide lJy t he 8chott en - l3aumann m ei. h o<l. A 
certaiu amount of <l brownish iEsolnbl e 1.11:1 b~rial sep:uated oui during 
t he cou rse of t he benzoylation. 'rhe alkaline liquid was shaken 
repeatedly 11· i. t h ether . H \YH S then nci,lifi ed and again et l1er cxtraele<l . 
Bot h ext racts nud t h e re,;idunl ,;olntiou " ·ere (l O:it<tl scparatel:-· io 
rabbits . The animal recei \·ing t he n;~idual t>Olnti on died lll 4 ~ hourii 
ho m t;yp.ical Uiiblaar poiso11ing. There is thus llO Pt Jw r-,;o)uh le 
benzo:- 1 derivatiYe formed an d sho uld t he t oxin molecule po~,;e::,s either 
an - or-r or > :XH group one is force<! to conclude that th is g rouping 
i~ i n no way es,;ential to t h e m :m ifesi.ntion of toxic actiYity . lt ,;eem s 
more probable t hat t hese groups nre ab~8nt from the toxin. 

'ro su mm arize the eY irle11ce a \·ailalJle at th is point i t \\·ould appear 
t ln.d th e nwlec ule of i.h e GifbLun toxiE coni.ains ueit her - COOH, 
- OH , >~H, - :.XH2 nor >CO gToups. It po~,;es,;es nei.th er acidic 
nor basic ch m·ader and appear ;; to lw chellli call.\· ,·ery iner L. One i,; 
ion·ecl i.o t he conclusion that it mu:;t be a Yery peculiarly con stru detl 
nwleeule . 'l'he nuly po,;sibili ty t hat to the \\Tit er seems opt>n i,; thnt it 
m ust be a t er tiary amine, i.he g·ronping ~ K haYing in this case 
exr·eedit tgly fef' lll .v ha~i e or neutr:tl dwrncteristics. Unforhmatel.v no 
possi.bJ.e m ei.h od of isoln tion is suggested by t hi s con ::; i(leratiou, 
i ert i ary bnses bein g compar atively Jl oH-1·eadiYe. 

EXPEH U I EXTS l..TOX T ITE S T .\Bl 'LITY Of' THE TOXIX TO \-.UtlOl'S .\G J<NTS. 

Ceda.ill eYidence has already been presented, demonstrating tha t 
i.he G.ifb b :n toxin i ;; th ermostable nnd not r e::t(l.ih· attackerl bY: ci ds OJ' 

a l kalis. In order to ga in precise information , 'the follo\Yi n'g experi
ments \\·ere carried ou t: -

A concentrate m ts prepar ed of which the M.L.n . for r abbits "·as 
:fouud t o be ± [J c.c. I Il<liv.idual 5 c.c. portions \Yere then irea. tell <I~ 
follows : -

(a) i\ cid potassium pel·maug·,mai.e (0 · 01 K) wlutiou added so 
long as decolorisation occurred at room temperature: 
!)0 c .. c Tequi1·ed in all. 'l'he mi:xture \Y flS lt e ni.ndi ~ed and 
dosed . 

(b) 2 c.c. of perhychol addf'd . After one hour at room tempera
ture t he mixture \\·as closed . 

(c:) 1 · 5 Lc. normal socliur.1 h ydroxide ::t<l rled (i.e. t o ] per cent .). 
~'Lixtme placed in boiliug wa tE>r bath :for 1 hour , coolerl , 
neutr ali sed and cl.osed. 

(rl ) 1· 2 c .c. nm·m:1l sulphuric acid added. TreatE><l as in (r) . 
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All four rabbits r eceiYing t hese pr eparations di ed . It is dear 
t herefore t ha t tbe toxin i t> .~table to m ild oxi(lisin g a g-ents and not 
alter ed apprecia bly by hot l per cen t. acid or ,\l ka li; i t is n ot th ere
fmc a sub,;tance suffering· h.nlrolytic f usion . 

J!:LIMIKATION 01·' A~JlNO-AClDS .·1~ 1 ! .-IJ3 SE:\" CE O.F rl PI1L\L\ 11Y ,I)IJKO GROu P . 

Since t he most carefully pm ·ifiecl ext racts ;\l 11·ays g aYe a sh on g ly 
positive ninhy rlri ne r eaction, su spicion " ·as enter t ained that t h e active 
principle migh t contain a p rim ary amino group although t h e ex p eri
ments r ecorded on pages ... ;lllcl . . . . . . r ender ed this some,,· h at 
unli kely. Ami n o acids may he precipitated from com plex mixtures 
by t h e u se of m ercuric acetate ancl sodi um carbon at e ;m el it \\·ns th er e
fore decided to s ubj ed a com·entrat e t-o tlt i s proced1ne a n d ;tscer ta in 
in which fraction t h e toxicity re111ain ed . 

'l'o 25 e. c. of the sam e :;olution as u se(l abo1·e (~LL . D . ±C> (·.c. ) 
were adderl 10 p er cent. sodium carbonate and 2!) pe r <"e nt . m ercur i<" 
ctcetate solnho11s until preeipitai.io n of m er cu r _v ("O ttq JO un(ls \Yas COJlt 
plete(l as s hmY n h:v th P oran ge-yE'll m1· (·olour of tlH' fi na l tu rbid ity . 

'l'lte precipita te ,,·as r e mo,·ecl , s uspended in dilu t e ]Jy (h oehlor ic 
acid and gatiSE' <l by lt,\·clrog-Pn ,;ul ph ide; m errur_,- was also r ento1·ecl 
fr,(Jm the filtrat e. 

One r ab bit was g iYen 2 / 5 of t he pr ecipitate fraction, correspon cl
ing t o 2 M . L.D. , but s uftft'e1·ed n o ill effect s. Anot h er , r eceiYi ng- !l / 10 
of the fil t rate ( = 1~ lVI.T.J.D .) d ie(l :~:1- h om s a fter dos in g . Th e t oxi n 
is t herefore n ot preci pita terl hy ilw rea gE'n 1 . 

'rhe active filtra te fraction was v ale y ellow i n eolou r but gave 110 
re.wti.on for ;tmin o g-roups with ninhy cl rin e th u ,; p rovi ng t ha t prim al".\. 
amino g roups - .NH, are abse nt hom t h e t oxin. 

A one U. L.D. equisaleu t of t hi,-; a mino-aci d h ee ,;olution 11·as 
e1·apora ted to dryn es:-:; . 'J'lt e weig hed r esi(lu e , a pale yellow viscou s 
li_yrup , \I' D;:; :.: ,;h ell a11d t he 11·eight of i he ash s ubstn H·tecl thus affordin g· 
th e we ig ht of organic: Jmti tE' r prese n t in a ,.;in gl e le th :t l close . A total 
nitrogen kjelrla hl tle tenninatio n ,,·a s r:ani ed o ut upo tt a seconcl M .L .]) . 
equivale nt . The results "·ere as fo llows : -

·w e ight of org;tnic m :dl er = 0 <)S32 g ill . 

'l'oLtl :\ . . .. . . . ... . · · ·-· ·· - 21 ·4 mgm . 

'l' lt is preparation had n ot bee n sub:jec.; ted to such a rigor ou s sN iPs 
of purifica tions as som e of those form erly emplo.\·ecl lmt espe<"ia l ca re 
had been t aken t o elimin at e all J:itroge n-("o ntn ining im p ur ities su d 1 ali 
pro teins, amino-a("icls , ammonium salts, etc . The co mparatively hi gh 
~<itroge n cont en t of the r es idue, amount in g to :l · l per cen t ., woulcl 
appear to ol"ter evidence s tron g·ly presum tiYP of th e pr esenf"e of 
nitrogen as a n integral com;tituen t of th e mol ec11lE' of t h e t oxin . It 
is o f interest , in t his connertion, to r ecor d th at t h e fu m es evolved on 
ns liin g t he m ateri al were found to g iYe a fairlY strong- pin e-splin tE' r 
i etJ t. 'l'h e formation of pyrrol by pyroly sis is of co urse no sp eci fi c 
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indication of the presence of pyrrollic deriYatiYes in t he materi al bu t 
indicates ne -v ertheless that org<l lllC, nitr-ogenous com pounrl s <He 
present . 

It is highly 1n·oba ble t hat t he Gifbl aa r tox in co ntains cyclically 
bo uncl ui trogen. 

] L~PllJ ~\IFTliOJJ FOR T ll E Pl~EPAJUTIOS OF COSC I·:~ TJL\TES. 

'rhe method of pmification ou t lined is n 1·y laboriou s and t ime
cou,;uming. Two cir cumsta nces, in particulnr , render th e proceclm e 
t rnu blesom e, nam ely t h e large a rnou nt of certain reagen ts required 
and the great m ass of inorganic m ater ial "·hich accumulates in the 
fiwd solutions . 

In order to o b,~iute the~e cli fli cu lties altll proYicle a rapid method 
for obtaining a fairly pure concen trate t he following m eth od was 
de1·ised. A \1·ate1·y extract <Jf the plan t ,,·a;; clearetl with basic lea d 
acetate a nd t h e lead-free filt rate concentrated in vacuo, withmtt 
nc'utmlisation, t o a small bulk. D ry i11 g \Yas co ntinu eu in front of a 
tan at room temperature . rr he sy rupy material \Y;( S i hen slin erl 
repe;~.tedly \Yith acetone \Yhich r emo.-ecl t h e last traces of acetlc acid 
an d sen ed to del1 ych fl t e t h e m a terial. It \Ya,; th en taken up in :1 
suitably large volume of 9G pe1· cent . alc·ohol r e.i ect in g t he mater ial 
rem aining undissohecl . An equal Yolurne of a bsoln te a lcol10l "~n s 
then added and the precipitate di scarded. rr he l·emaining 98 per 
cent. alcoh ol solution r·ontnins nearly all of th e active principle 
originally present :mel in a conclihoJI su:fti ciently pu re to ser ve as the 
startin g point for furth er experimen ts . H ,,·as found by varyin g t he 
procedure and extracting the dehydra ted mass \\~ith absolute fl lcohol 
befor e rlissolving in 9fi or 97 per cen t . t ha L a small quantity of add i
tional iner t mate rial could be r em oYecl. 

Th e detai.led procedure an cl r esults obtai ned in thi,.; sen es of 
im·estigation s is best illu<;t rated hy t he follo1Yi1•g- cl1ad s: -

OnART I . 
Concentrate: 25 c .e . (8 M.L.D. ) 

evaporate to drynesR, 
ex t ract wit h a.cetonc 
__ I 

I 
Acetone solutio n 

T ox in nil 

~ --

Absolu te alcohol solut ion 
Toxi n : 1 Yf.L.TJ . 

I 
96% alcohol solution (5 J\LL.D. ) 

Add equa l volume of a bsolu te alcohol. 
I 

I 
98% a lcohol solution 

Tox in: 5 .'\LL.D. 
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I 
Resid ue 

Extract w ith absolu te a lcohol. 
I 

j 
Hesid ue (7 M.L.D .) 

l<:xtract wit h 96% a lcohol. 
I 

I 
ReRiclue 

T oxin : 2 M.L .D. 

- -- ~ 

Pn·cipitatcd residue 
Toxin: Nil. 
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CHAR T li. 

Concentrate dch vdrated with acetone (18 J\I.L .D .) 
]~xtraet· wit h warm 07% a lcohol. 

I 
-~ I 

!l7% alcohol solut ion 
Add equal volume ab~olute 

alcohol 

I 
PL'ccipitato on cooling R esidue 

T oxin : nil. 

I ---c--- --- - -

1 

98 5% alcoho l solut ion 
T ox in : 16 M.L. Il . 

I 
~---

T o :) M. I, .D . add et]U::t l '' o lume 
ab~olu tc a lcoh ol 

I 
X u p t·ecipilatc, o n l:v faint t urbidity . 

T oxin: nil 

!'a le 

I 
Precipated Hesidue 

Toxin : 2 J\I.L.D. 

---1 
Helllain ing 10 J\i.L.D. 
P recipi t a t e " ·ith ethe l' . 

brow n sticJ,;:y 111a t cria. l, gi vjng 
nin h ~·clrin tc>'L 

Dt S C l "SSl O::'\ .\ .\"]) S t: .\1.\L\1! Y. 

I· -1 

Al l ho ugh t h P .in l·e:;ti g;di on c; r evn rded i11 !l t i~ p:1p e r h:J Ye n ot 
re~ tLHed i n t hP i ~ohl ~ i on of t b e tox ic ]Jl"illc ipi P o l i he (J. ifhbar , 
JJ ir·h 11 petalum C!J III US I/111 .i n a i>l ate of ch e mi c-al v urity, it is +elt iha ! 
cerlai n Yaluable i n form ation l1as h eeu obtained rE>latiYe i o t h e natur e 
of this t oxin. In addition , f;ome in telw; ting· s ubstance~ h ave been 
isola t e t1 hom th e plant i n the cou rse of c h emir a ) maui pula t ion~ . 
These inch1 rl e : 

(1) A ealech ol t a n ni.11. 

(:2) 

(:)) 

. \ ~·p llow colouri ng· m al te l . cdl U\'.tl liJ bE' a ltl eth yl rwnto-;irl <' . 
~-ie lrlin;.! rh am1wse nn h ,nhnh~ i s . 

A hi ;-;ti rllll e-like h ase . 

( -1) A b:1 ~e 1n oh <hly icl Pnticn l ,,_-it lJ 

(:) ) The ,Jlkalo itl trigon ellin e, t h e 

ch o1il1E' . 

me( !tyl -b etn i n E' of n ico! i ni• · 
aci <l. 

\ "ari.ou ;; spel' i :lli~ed m e th ods \l en ' tr ied for t lw pnl·ifil':l li otl o r 
tlw lo);in , i.nc·lncling·: 

(1) Jhnlysi:-; . 

(2) Ultr:1 fil i rati on muler Jn·essm es u p to SO a t m osph er es of 
n i t rop;E' ll. 

(0) H i g-h -va<·.uum rl ir:; tillat ion :mel ,;ublim a t ion . 

(4) Cont-inu ous exhaction 11·it h buiyl :Jico lt ol, role. 

Cer ta in ot her <·h em ic;d oper~d ioJJ -; le<l to i h e con d u si on ilwt tlH' 
follo1Ying g r oUllS are tlE'fin i tel)- nh~ent fro m t h e toxi n molPcul e :--

Carboxyl . . . - C'OOH 
h et onic . . . > CO 
Aldeh y cli C' - CH O 
H y droxy l - OH 
Ami no - XH2 

Tm i. no > XI-I 
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Th e a d t\·e pr i.uciple :t llllo~t cel1 ;tinly co1il<ti1 1 ~ nii rogl' ll <t nd if 
b :s uggested th<t t t h i,; Jl l<l\. lw in d u rlr•1 l i11 ~Ollll' c~·d ic ~irndurP . lt 
nw:y possibly or·r·1.u <IS i 11 ter i i;ny h:bP~ ~X hut i he lll olecule, a~ a 
" ·h ole, does not eYin ce basic dw ractt> rs . Pr0parat ion .,, still llig-h l.\· 
ioxi.c 1-o r a bbi.h, haYe hPe n prepa red conLti.nin g 110 pmt ei n , a JJiiuo
:I C: ill , or cm·boh_,·,lr:li e !l l:J teri .d , i1npuriite-; \\·hi.clt lt;J( [ not hefore b re11 
Sl.ll t:e~~fullv 1·enwyed . The d 1e1ni c;1l sbhilih· or inP rinp-;,.; of t he 
tosi.c .-; ubstance is Y(-' 1'_\ - rt' lll<Hkabl(' i11 \-ie\Y of .ih p mnmtnr-Pd phy.-;io
log- ica l <l d ion . Tlm,.; , i t J·esi;;ts l lOi lin g fo r onP holll· \Yit h J per l'e11i.. 
sulplnu ic ar·id or l per r·ent . sodi mn l 1 ~·rlmxid r -;o luti ons; it i~ not 
oxi rl ised h.1· poi_.a ~~i lllll JWrnwng;__-._ n;de or b\· li~(lrog-r·n pe 1oxi<le i11 t lH' 
co lrl <IIII I it is tliet n Jo~i<ihl t> . 

ln ·ric tu of litis s/'(llu'llt!J owl ! ftc ol1se tu·c of O ll_lf .whstancr kumcn 
to combine n·il !t o r fnl'l'ip i t olc L.h c /o.rin , t lu· ho11f' of fin rlnl _(j uny 
-'fJ I'Cijil' JlrOfdt J;Iol'//1· or r·uutl lrG .wlJs/unrc for 11se /11 6'1/IJlarn· zwlso u-
in!} becomes !'I'I.IJ 11' 11 /0t i' ind i'l'd . 

I \\·ish to tll<ll lk Jh . n. U. StP\'11 fot his ltllf<liling· intPr t>si 
throug- hou t the 1·ourse of tlwse i tl \·esi ip:ations. 
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