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Becotion I.

A Btady of the Gluccside Solanine.



IRTRODUCTION,



JHEROICTION

The aikalai&,agzaninég which is ab the
same time a glﬁaaaiéﬁ;{ginaawazkaiaéﬁé &ﬁﬁﬁfa»ia
the potato planet {Jolanum tubsrosum}, and in other
Yolanacese such as Solanua niger {desdly nightshadel,
g&i?éiﬁ;ﬁﬁieﬁﬁﬁr&~&ﬁﬁ Splanum lyoopersioun {tomats].
it has also been found in the family ﬁﬁﬁ@ﬁli&ﬁ@&@,

such as Scoepoelis orienislis and Scopelis atropeides,

Solanine is not uniformly distributed in =il
parts of the potate plant, being most asbusdant in the
berry-like fruit, which is rars; also, in the chioro=
phyll-fres ﬁ??ﬁ%%&-%ﬁiﬁh appeay vhen the tubers gore

minate,

in the preparation of sclanine, from any of
the above mentioned pPianis, 3he use of sineral acids
shonld be avoidsd, on aceount of the ease with which

the substance is hydrolyzed.

dgny =sethods for the extraction 5f sclaning
from potatves are mentioned in the litarature. A few

of the beiter knoen methods are given below.

Pirvas’ macerates the Ipabh potale shoots

with %&%&?“&ﬁﬁ&&iﬁ%&g £%/2 of secetic amcid, renders the
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#ifferent from that in the potato.

Among the various formulse segsigned %o
solanine two may bhe mentioned: 8 Hgz0;u¥, pro-
posed by Firbas {loe. ¢it.) and more recently cone
firmad by %mztmﬁ, and the simpler formulia
g%sﬁa ¥, due to Cazeneuve and Breteau {looc. eit.}.
The ohief objection to ﬁm f@mer formula is thal acow
ording to Pirbas, the mctlon of agids on solanine re-
gults in the liberstiss of watsr:

%aafos01s” TacMB102F 0eyg0, &M.0.

On the other hand, ?izm* formula -Lé'\f" ﬁié:'
figsion produect solanidine has been confirmed by the
anslyses and moleoular weight determinations of ¥hitt-

mann. The above eguakion for the decomposition of sel-
anine cannot be guite asceurate, for according io the

investigations of Votodek and Yondrabek®
and Fnittmann’, both d-galactose and rham

+ 884 of Zelizel

ed from solanine; = third sugsr, which is perhaps a di-
saccharids, is also present.

Splanine is odorlese when dry, but vﬁma molalb
axhales an cdoyr recalling that of potatoes uhile cooke
ing. The taste of solenine is somewhat bitier and pun~
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gent.It leaves on the pharynx s persistently aerid
sensation. %slmiag is poisonous, producing in dogs
and cats violent vomiting, followed by somnolence,
‘a.a:?i ﬁs@ﬁ&ﬁme accompanlied by paralysis of the lun-
bar muscles. Gne grai% #ilied a rabbit in a?i# &mxi&,
and ¢ grain is strongly nauseatisg to & man.

Eelanine is nearly insoluble in m.w?, and
only very slightly soluble in cold alcohol, but dis-
| solves m&ﬁil? in hot &lﬁﬂﬁé}ia m’iﬁ mwz.am& in
”vwmg‘, #%i&éf&fﬁm. LARSONR, mé gaﬁmlﬁm»a@ixim mz
is soluble in amyl algohold, which may be employed Lo
extract solanine from ite alkeline solutions. Het,
enturated solutions of solanine in both amyl and

#thyl sleohols gelatinize upon cooling.

Solanine is snid to have & falntly mlikaline
reaction. It is a very feeble base, the salts being
‘sostly decomposed by excess of water. The acid sule
phate, however, is said to be very stable and not

gumposed Ly sater, even on hesting, in contradis~

tinction to the neulral salf. It ie amorphous and very
bitter. The hydrochloride is precipitated as a Jelly '
onh adding ether to a solutiorn of solanive in aleohol
 soldified with hydroohloric ecid.




Solanine ls not affected by alkalies, even
when bolling. It does not reduce Fehling's solution,

but reduces silver ammonio-nitrate on hesting.

Concentrated nitric acid dissolves s&i%ﬁiﬁ&
in the @@ié éﬁ s liguig ﬁhieﬁ i@ at first colorliess,
But ?@§i§l§ acquires a magnificent purnle ﬁ@laar,“ f
shich soon disappears. ¥ith strong hydrochloric acig,
solanine gives 2 yellow coloration. Concentrated Sule
vhurie acid diseolves golanise with arange &&iaﬁx,'
ghanging to deep violet and brown. In @éﬁ&fﬁﬁiﬁ%ﬁ&ﬁﬁe
ion o this, the sclanine of Pazensuve and Breteau
sas hardly colored yellow by mulpharic aeld; witn
fuming nitric acid n pink colour sas only ﬁ@?éiagﬁé

on long stending. Hydrochlorie scig 4id mot colour i,

¥hen warsed with = nixture of equal volunses
of aleohol ard stromg sulphuric acid, solanine dise
solves with rose-~red coloration. This reaction is

stated to be oharacteristiec.

As 2 wslorgecghenionl test for solanine in
piants, fOchaarschnidl lays the sectlion %o be sxsmined
in moderately concentrated sulphurie or nitric =ecig,

when in s few seconds the presencs of the alkalold is
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ingiented by a besabtiful rose colour. In thls sab-
ner, Schasrsehmidt ?%@ﬁ%ﬁiﬁ@% the presence of solaf=
ine in the tuber and stalk of Solsnum tuberosum; and
also in 8. nigrus, 8. dulesmara, Tapslicus annuua,

| Lycopersicusm epoulentus, and Fandragora officimalis.

The potato being such s common srticle of
food, Professor Parker> suggested the desirability
of determining the smount of selanine present is var-

ious parts of the putato. In pursuance of this suggest-

ion, the experimental work demanded by this problem
wag undertsken. The work was divided into two parte.
The first was the sstual detersination of the amount
of %@l&ﬁiﬁ@ nreseni; he second was sn attempi Lo de-

termineg ths &m@i@ie&l formula of zolanine.



EXPER TMENTAL RESULTS
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SXPERIHNENTAL HBSULYTS,

o

It ﬁ%ﬁliﬁﬁﬁgﬁi desirable to try the two methe
oads outlined in Autenreith® for ithe extraction of sole-
'aniﬂ& from potatoes, and to find which would yield the
- best resulis. The first method employed was that of

D gc&mﬁéﬁ%@xg and G. Zeyer, which is as followe.

SO0 grams of finely minced potatoes were mixed
with distilled water, and the ilguid pressed out sas
completely ae possible by meane of & ?@%&ﬁ@*%ﬁ%ﬁ%?. The
liguid was decanted from the siarch which setiled ocut,
the starch was nixed with water, snd the labtter dascanted
when the starch had settled. The enmtire liguid wae now
sarefully neutralized with amwonia and evaporated o a
syrupy conslistency on the steam bath. In the meantime,
the press-cake wus mixed with several times its volume
of bolling aloohol - previously distilled over tartaric
acid to remove basle i{mpurities - and the alcohol press-
gd out after standing for several hours. Two such ex-
tractions were made. The combined alooholic extracts
were Lhen filtered, and the residue, @%ﬁﬁi@%iﬁ§:§f stareh,
was washed with hot alcchol. Any solenine present im the
residue from the agueocus extrast was isolated by exiraote

ion with the alcoholie filtrate , the residue being



wushed with hiot slcohol. The liguld was Tilterss from
the precipitate whioch formed after standing ons hour,
and was evaporaled to B syrapy @éﬂsiﬁaeﬁag on the

- steam bath. The residue wae dissclved in wvater cone

| taining sulphuric acid, filtersd, and the residue

warmed, saturated with ssmonis, and set aside for cue
‘day. The precipitate which had collected at the end
of this time was filtered through a previcusly weighed
filter; wasned first with water, then with éther, znd

finally dried at 200°.

The welght of the residue - presumably all

solaning « was 002 grass,.

WINOD OF YO NONGANSTERE.

ks much liguid as possible was expressed from
506 grams of finely-grated potatoes, using a potato-
mmaher. Two @xﬁr&é&éaﬁa of the press oake were ﬁé@@
with water, the iiguid being expressed each time. Pro-
%&iﬁ.ﬂﬁﬁﬁtﬁﬁﬁﬁﬁ w&ra;gr@gigi%ataﬁ.fraﬁ the combined
ligaids by adding 1 ce. af‘aestia acid and wsrming for
about an hosr on the é@eaﬁ bath. After being filtered,
the fiiaraéa was evaporated Lo a syrupy consistsney,

and hot 95% aleohol was added until the eloudiness which
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forsed had vanished. The salution waé ﬁ@@aﬂ%&ﬁ after

an interval of 12 hours, and the residue twice ax=-

 tracted wiith hot aleohol. The combined alcoholic ex~

tracts were evaporated on the stesm bath, the resisue

- war@ed with water containing acetic aseid, and then
 filtered. The filtrate was heated to boiling, and

; ﬁﬁ%@ﬁia wag added o precipitate the splanine. After

standing for about ten minutes on the steam bath, the
precipitate was filtered off, washed with ¥ater cope
taining ammonia, and then diesolved im boiling sloohol.

The resulting aclution was @#&?@rataﬁ t0 near-dryness

on the stean bath, the residus dissolved in water come
taining acellc acld, and then filtered. The filtrate

wrg heated to boiling, #5d the géiaﬁiﬁa was preciplisted
wlth amsonin. ?%@ precipitate wae collected on a filter -
previocusly dried and Wﬁigﬁ&ﬁ - washel with'ﬁﬁ'ﬁﬁﬁﬂﬁi&, |

and dried at 309,

The residue ~ presumably sntirely solsnine -

wgighed 0018 grass.

. Each ofvthe above methods is opéhi 1o eriticism.
The former procedurs is faulty in timt it smploys sul-
phuric ascid so ﬁi%ﬁﬁiﬁ%ﬂﬁhﬂ>ﬁ@l&ﬂiﬁ%, wiich has the

effect of hydrolyzimg the solanime. The second, whils



free from this ﬁhéeaﬁiaﬁ, does not remove the starch
which szeitles out from the expressec iiguid: %ﬁ@ksﬁﬂrah,
o being heated on the water bath as deseribed in the
&@%ﬁ&é. breaks up to form a heavy gelatinous mass which
is very difficult - almost impossible - to filter. Also,
the §r&§$~¢gk@ is disregarded: khi@ guntaipns some sal~

- snine, hence the method, although not rigorously guan-

titative, is made less go, by omitiing the press-cake.

In the subsecuent experiments, in which sole
aﬁiﬁa was éxtracted from the poltatoes, a combination
of both the furegoing methods was employed. An cubtline
of the method used in the following %f%%iﬁ is deseribed
balow.

The potatoes were ground up, and the liguid ex~

pressed by seans of a potato-masher. ¥ater was added to
the sress-cake, and the 1icuid ag&iﬁ_axﬁrgaaeﬁ. This was
done twice. The %ﬁﬁ%iﬁ&ﬁ.iiﬁﬁi&éﬁﬁﬁyﬁ then deosanied from
‘the deposit of starch, and filtered. Acetic acld was add-
ed to the filtrate fo precipitate protein substances, the
entire licuid warsed op the s%&#m bath for about one &gaz,
‘aﬁﬁ then filtered. The filtrate was then evaporaied té the
consistenoy @f‘é gyrup on the steas bath. In the neantise,
the press-cake was mized with twice its wolume of 257 al-

coliol, and refluxed on the steam bath for one hour. AS
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the end of this time, the aleonol was expressed by
mﬁaﬁgvaf & potato-sasher, flltered, sid ihe rese
idue washed with hot alcohol. The solanine in the
2&33&&% from the agueous extract was obtalined by
extraction with the aieghglia filtrate. The liquid
was filtered after two hﬁ&?@, and the slcohol evape
orated on the steam bath. Fater aaéﬁaiuiﬂg acetic

| acid was added to the residus, filtered, ang the
residue washed with water containing acebic acid.
The filtrate was hented to bolling, angd solanines

precipitated by the addition of amzonia. Afber

standing on the sieanm bath f&r'taﬁ minutes, the
solaning was [iltered, and washed with 2% smuonia.
The residue was dissolved in boiling aloohol, file
tered, and evaporated to near-dryness on the stesnm
bath. The residus was dissolved in water containing
acetis neld, filtered, the filtrate heated to boil-

ammonis.

ing, and the soclanine precipitated by adding
After mtanding on the wsteam bath Tor ten minutes,

the selanine was oollsctel on a previously weighed
filter, and dried at 100°

Prom the potatoss used in the axnerinents,

1000 grams were takem, and the vemainder placed in
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8 warm, 4ry room. The 1000 gram sample ylelded, on
treatment, 0.0048 grasms solanine.

'ﬁ,faéﬁﬁﬁy 1000 gram sample, a&aigaaﬁ\aﬁkthia
date, yilelded 0.048 grame solanine.

. It is appavent from ihe sbove resulis that

the solanine a&ﬁ%&nﬁ of potatoes lancreases with aga;

On Yov. 29738, 2 gquantity of sclanine was
obtaines from a,ggﬁﬁia-af the 1831 g&t@%@ grop, usiog
the gprouts. A ﬁéter&ia&ti@n was slso made of the s~
mount of solanine present in the entire potato, and
the amount present in the very small potatoes of the
same orop. These potatoes were very small indesd,

- the largest ones ﬁﬁi sxceeding %»ia&k\ia dismeter,
and the smallest ones being about ¢ inch in diameter.

The normal sized potatoes, on treatment, yield-
gd G.081 granas sﬁl&atﬁe per kilogram of potatoes,
while the small potatoes yielded 0.163 grams solanine
from 230 grams of sample, which would be 0.708 grams
per kilogram. |

The results obtained above, clearly indicate
that smsall potatoes are much richer in solanine than
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large potatoes of the same variety.

The solanine chtained in each of the sbove
%ﬁtrﬁeﬁiﬁgﬁ.@aa combined and recryetallized from
aleohol. The melting point was found to be 270° de-
composition taking place at 265°%. The solanine was
~:&ga§ﬁ cryatallized from aloohol, and the melting
point this time waa 240 ¢, dscomposition taking
place al the zame time. Teo more erystallizations
vere made, the meliing point in sach cnae being |
- 2407 with decomposition. The solanipe, if such it

was, W88 a8 pure as could be oblasined.

To establish the identity of the substance
a8 solanine, tso @ﬁlaﬁ?'tﬁﬁﬁﬂ vere pmade, one wmith
conc. sulphuric scid, and the other with ethyl al-
sohel + sulphuric acid. In the first test, the
subgliance discolved $o give an orange colored sol-
utlon wuich became brownishered on saraing. The
sgocond teet employed an aleoholic solution of sole
anine, added to cone. Balghﬁrﬁﬁ acid as an upper
layer; to produce a red zong at the junction of the

two liguids, and below this, a yellowish zone.

The amount of sclaninme obtained afier the

repeated grystallizations was not vary large, but
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enough had been obtained %o run s few combustione.
The purpoee of the combustions was a further con-
firmation of the identity of the substance. If the
resulis obtained for e¢arbon and hydrogen were near
the @&%a?@tiﬁai answers, obtained from the yvarious
formulae, it was fairly safe to assume that the
substance obtained was solanine.

The combustions were made using an electric

furnase.

The resulie obtained, from these ecombustions,

-are given below.

‘First Trial Ihird Trial

o 70.2% 2 62.17
q  15.09% ¥ 11.8% " 10.4%2

The perceniagesof carbon, calculated from
%&a~w&riaa&.farmﬂlaﬁagréﬁéﬁeé for i%, vary from ﬁ&%A
to 67%. The raaa&ﬁ§ ah§ai§s&, taking 62.1% as the
result, is within thie renge. This indicates that
the subsiance obtelned is solanins.

Determination of ¥olsture and Ritrogen Oontent of Potatoes.

Determinastions were made, during the week of Nov.
20/32, of the moisture and nitrogen comtent of th

& potat-

o288 on hand. The resulis obtained were then compared with



the results from similar determinations made later.
The reason for these experiments was %o find if, as
the solanine content of the potatoes inoreased, Lhe

nitrogen content would alsc increase.

The first et of determinations were made

on Bov. 20/32, and the results obiained were -

Holsture Content. Hitrogen Content.
Pirst Trial 73.76 % «797%
Second Trial 72.74 € 768%

The next set of determinations were made on
Harch 5/33, mearly four monmths later. The results
obtained at this time are -

Heisture Content.
Pirst Trial 7i.64 €

Second Trial 971.632 ¢
Third Trial

The nitrogen comtent of potatoes sprouts
was also determined, snd found to be 1.19%.

The results obtained above are just what are
to be expected. The moisture content had decreased
after four months, while the nitrogen content had in-
- eressed slightly. The loss in ngam can be explainesg

by the fact that the potatoes were stored im a dry room.

(18)
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%%ﬂ gﬁ&éﬁﬁ. as g rule, is very efficient in keeplng
its'mﬁi$:§%% %i%%iﬁ»it; but in é‘drf atuosphere, the
1rss 0f a little bit of water ie to be expecbed. The
inerense in nitrogen would be due, in part, to the
1@§$*iﬁa%3igﬁt af.the'@éﬁatéea, and in part to the
fact that some of the carbon present in the potaitoes

had been used up in respiration suring germination.

The potatoes, at this time, posessed gquite
iarge-sized sprouts, and the sclanine was extrached

Lrom them.

The method used iﬁ'@xir&ﬁtiﬁg the solanine
from the sprouts is due to Firbas, and, in brief, is
to extract the fresh young shoots with water contain-
iﬁg neetic acid, rendering the filtered liguid alk-
aline with a&m&gia; and extracting the precipitate, ®
after drying, witk'§ailiﬁg,a1@aheig'frgm,ﬁhiah_ﬁha

selanine orystallizes upon eocolimg.

The extractiion was carried out as follows.
75C grams of the f resh young sprouts - not excecding
four inches in length - were ground in & machine,
and the dark colored liguid ﬁhi@& had been expressed
- Irom the shoots, by means of a potato-masher, was

made acidic with scetic neid, end then filiered. The
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presa-cake was sacerated with wmaler contalning ncetie
a0id, and filtered. Tnls was done Itwice. The acid file-
trates were comblined, made efrongly alkaline with sone
aﬁia, and set aside for one day. The solanine, which
fad srecipitated as s dark brown mass, wass filtered,
vaghed with waier gontsining s:wonla, and dried over
conc. sulphuric acid im & vacuus dessicator. The sol-
anine present in the dark, dried mass wae @xtraate&vm """
by heating with sleohol, and filtering the hoi, &looe -
nolic extract from which the solanine eryetsllizes on

gooliing. The yield of solanine was 1.6 grame. The

melting point of the erystals oblained was 238% 240°

{deaomp. )

The mother liguer ressining, after the sol~
anine had been separsted, smaz thought to gontaln a

considerable amount of solanim, ss on standing, the

entirs solution Jelled.

An sttempt was made to oblaln a further
Fiald of solanine from this Jell. The Jjell was dige
solved in water containing acellic seld, and ansonia
g added to Lhe olear selution, whieh caused the
golanine fo precipliate. The solasins, éﬁﬁar it bad been

been filtered, washed snd dried, was dissolved in
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the mintaum amount of hot aleohol, and then cooled
under the cold water tap, but no solanine grystalle
ized @#t‘.ﬁﬁ.xaaﬁﬁiﬁg. ﬁ%@ sﬁ&%ﬁi&ﬁ‘aggialjalieﬁ.
%ﬁ& srogesdureculliined above, %aa smployed three

times, but no solanine could be srystallized.

The solanine was finally obtained as foll~

GEE

To ihe aleoholic solution of solanine, acet-
‘@ﬁﬁ'ﬁﬁﬁ-aﬁﬁgﬁ antil the éai&ﬁiﬁ@ had all been pre-
ai?iﬁaﬁéﬁ, The psreeipitate wae filtered, dried, and
aisselved in the minimum amount of hot aleohol. This
time, on cooling the mot solution, ahé solanine gryse
tallized out.

Yiald 0.3 grame. ¥.P. 228% 240° (decomp.)

Combustions were garried out for carbon and
hbydrogen en the sclutine which was now on hand. Tuls

time a gas furnsce was employed.

%&a renulis obltained sre given helow.

Firet Trial 61.31 % | .21 %
Segond Trial 61.30 £ ' é.% z
Third Trial 6l.28 £ 9.18 %
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Fourth Trisl = 6l.25 % 9.17 £

Pifth Trial 8126 £ 9.17 %
8ixth Trial 61.27 £ 2.18 £

81.27 & g.18 £

The percentage of carbon obiained with the
ngw sample of solanine is very closs Lo ihat ob-
tained with the previousz splanine. This %ﬁﬁiﬁwiﬁ' g
dicate thsl the two samplee of solanine sbtainmed

were identical.

The percentage of nitrogen in the solavine
%as also determined, using the Ejeldahl method. The

ragulis were -

Irisl I Trial II Trisl IIT Irisl IV Trial ¥
|  Hean 1.37 %

The resulte oblained wit% #ﬁ% later solanine
were presumnsd to be more aceurate, since the number
of combusiions done was greater than im the previous
case, and alsa, the gaus furnace could be hamdled
much bettar.

Using the figﬁ%ﬁﬁ for parbon, hydrogen, and
Bitrogen obtained, the empiricsl formula for the sub-

stanos was worked oul as follows.
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I
ll

&= 61.87 = 12 8. —— .097 5

CE = %18 & 1 — $.18 — .097 94

B = 137 + 14 = 007 5 .007 = 1

& oy -&iﬁ‘mﬂw}= 25.18 — 16 — 1.76 —.097 =18.

I

* pirical formula is then - gﬁwg%m

This formela agress very olossly sith the onme

given by Pirbas a8 {%%5,;*!%'%3:&,_,3.T This would seen Lo ine

dieate that the substance obtained from the notato

- sorouts iz solanine.,






i.

5.

4.

(1)

The solanine content of potatoes ingreases

a8 the polatoes age.

The asproute of gersmimating potatoes are much
richer in solamine than %he poiatoes them-

.eaifes.

&@aixggaﬁazaes gontaln zore solanine &&an'

darge potatoss of Lthe same variety.

The nitrogen content of the sprouts is
graater than that of the potatoes taemeslves.
This would zmigme that the solanine passes
from the potato into the sprouts as the po-

tatoes germinate; .

The empirical formula of solazine was deter-
mined $o %@’gﬁégggaﬂza'
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The Datection of Gooaine in Cadaveric Eatier.



IRTRGDUCTION,



Bany differant and contradictory etate-
ments spyesr in the literature concerning the fate

of gosalne in the living orgsniem.

i statss Liat in cases of cocaine

flasensp
polaoning, wﬁmm death hes epsusd within g‘m zzwrs,
”@Mﬁs&@ ean be detected as such, but if more than
four hours have elapsed, the cocaime oan be found
as segonins m, the urine, showing thet the brsak-
doun of vocaine inte souomine @mém more Papidly
in the living, then in the dead organiem. He also
astaten ﬁmﬁ socalne aan be detected afler mixtyw
- thiree a&ya gy sueh, or as the decamposition sro-

duct, eogunine.

The Ltwe sbhove ﬁﬁ&%&éﬂ&ﬁ%& of &z@@ﬁép, cof-
carning the detection of m@gﬁgﬁw cocaine in the
erganisn are éémmﬁmwry, and therefors are nob
te be relisd upon. | 7

%mwg says that seven sonthe after death,
in a aaw af chronle cocaine intoxicatiom, the nree-
senee of ecocaine , or ite products of Secomposition,

sould be confirsed.

ﬁ@ﬁﬁi&ﬂ@ﬁ#&%ﬁ3 maintain that small asounts
of cocaine are quickly decomposed im the organisa,
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and cannct e detaoted by chemical meaws., The pre-
sence of cocalne, they go on Lo B3y, oan only be
confirmed when the sxamimstion is proceedes with
immedistely afiter desth. feeording to %i@ﬁﬁ@ﬁﬂki%
after ﬁ@ﬁ&%ﬁe hed %eaﬁ administyred Lo ﬁagﬁ, 10 -
128 of 1% had beun eliminated, anghanged, By way of
tﬁﬁ Eldmeys. ¥itn rnh%i%a, ha@@?qx, n&i%ﬁ&r a0
calne nor ecgonine could de fousd. They @%ﬁﬁl@ﬁ@
that the behaviour of %ﬁ%&iﬁ% in the animed ﬁamy
is ansl
found desomposition.

agoue Lo alropine, in that both uBusSrge pro=-

Hatelalne ﬁagﬁﬁagsﬁ’ggyg: * The alkaicids

which yielé sox

snine o8 hydrolysis, as benzoylec-
gonine, and ococaine, and sogonine iteselfl, cannot

be detectad in putrefying cadavers. Tue i&a&&ifign
atlon of the products of hydrolysis of gocaine does
not serve &s conclusive evidence of the presence of
the latier - %h&§&~?t@ﬁﬁﬁ§$ gither goour occaglon~
ally, ae methyl sloohisl, or elee they exist mormaily

in padovers, ss benzoic suld.w

This statement by Madelaine Magne

open to oriticism. Ii is nuite powsible that meihyl
- alsshol and benszoic &eiékagy-ﬁaﬁx;&ana&iy gooeur in
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cadnvers, but ecgonins certsinly does not. %h&zﬁw
fare, the presmence of eggonine would establish
without 2 doubt, the existence of an alkaleid
capable of producing engonine on hydrelvsis.

As the resull of an examinaticn for the
purpese of determining whether s aaiatieﬁ}gf G-
cuine instesd of novoeaine had beom injected fne
| to two female patients she had died wvith symotonms
of @aé&im& polisoning, %ﬁg@ﬁ'wﬁs unablis Lo esisbe
ilsh the presence of sither cocalns or novossine
.iﬁ the a?gaﬁﬁ recgived five days aiter &%@t&!nzﬁ
gonpection with this ia&&%ﬁiggtiaaﬁ Popp, topethey

with Hennieh ani Ellimger conducted ex@@?ﬁm&ﬁ§@¢

upon raetiis, iﬁéﬁﬁ%i&ﬁ inte thenm varyring ouanie
itise of coozine snd movoeaine. The snimals were
¥ilied at diiferent ivtervals after injection,
and the extracts from their organs tested for co-
gaine by their snnesthizing action, and by the .

potagaiun permanganate and iedic scid tests. Only

iﬁ a.siﬁg1a instange was cocaine detected at the
place of iﬁé@&ﬁiﬂs.ghX%e hourg after death.

To prove the sapability of alkaloids to
resist pulrefection, ??@Gl$&§ §i2£ﬁ~?;” |




{4)

meab &ﬁﬁn%&ﬁﬁ&'with G.S grams of coocalne hydro-
chloride. After éﬁ&n&iﬁg for 14 days, 100 gruss
of the mixture ~ corresponding io 0.1 grans of
covalae ~ were examined. Afier repeated ovapor-
ations apd redissolving, the residue was obiain-
ed in prystalline fors. The residue was proven

to be cousine by means ef the following tests;
1%e Bitter tusis, the %ﬂ&%&%hﬁﬁi&\ﬂxaﬁu@&ﬁ.ﬁﬁ
the toogue, i¢s zlkalins “%&&%i$ﬁ¢ é%g a%ili%y

'ta reduce aala&@i, ana AT gxe&ﬁva@iagr it imﬁ

- paried o & ﬁ%&&%h&ﬁ of patmssium dichromate in
salphuric scid,. He fhue proved, beyowd doublt,
that coceine could be devected, unchanged, afier
fourkeen days. Helther cocaine nor sogonine
gould be deteched after 173 days, or after D68

, éa¥5.

Frow the nunber of econflicting stobe~
‘ﬁ@nﬁé‘ga&t&ﬁ above it ia-zaﬁha? éiffiaﬁzﬁ o arrﬁ
ive at » defimite cavglasian. Tt wae thought ine
teresting, therefore, %o gﬁk&»& Tresh atiempt at
deternining the rate of decomposition of coeaine
in putrefying animel) matier, snd also %o fimi out
what effeet freezing had ob the rate afvﬁﬁéam§~

08l ti@ﬂsg




TEECRETICAL COHSIDERATIONS



Gosaine, vl?ﬁyixé s Geours to the extsent
af G.2 = (.8 percent in coco leaves, the leasves

of the South American shrub, Zrytarozylon coeo.

It oryetallizes best from hot aloohol or
petroleun ether, and ig obtalned in large, color-
less monoclinie prisms melting at 98°%C. Tts sole
-utioms are laevo-rotatory and have s strong alk-
aline reaction. It has a fainily biitter taste,

producing upon the tongue temporary ansesthesia.

focaine 1s difficulily moluble in sater, but dis-
solves eapily in aleohol, ether, benzene, chloro-
form and acetic ether. Plute selds dissolve so-

caine, and usually form wellecrystelliszed salls.

The fized alkalies, such as ammon

 and alkaline
earbonates precipitate the free buse from solubte

jone of its salts,

Sgoaine is a monmcid base, forming salts
with one eguivalent of acid. The most important
socaine salt is the hydrochloride, used in ned-
icine, and having the a&égésiaiaﬁ aigﬁﬁiﬁﬁﬁ.ﬁgz.
The tertiary nature of sthis aslkaloid iz shown by
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the fact that at 100%C 1t combines with methyl
i&@i@&g’fégﬁiﬁg the well grystalliized cocaine
lodomethyiate, C H EBO CH . I. It containg &

1% 21 4 :
methivl group atlaches Lo nitrogen, that is, the
| group ﬁ.ﬁﬁﬁ, %%ﬁ&us&'m&thyiaﬁiﬁe ig split off
when it is distilled with barium hydroxmide.

Yoreover, cocaine ie the methyl ester of an ale

‘echol, for when boiled with water, it is decomp-
osed into methyl aloohol and benzgyl-scgonine.

- If mimeral acide,barium k&ét&xﬁﬁ@ or alkalies
are substituted for water, hydrolytic cleavsge
iz garvied §§g%§ﬁz'%itk,ﬁa@@@g@@i&i@ﬂ 2f benge
oyleaogonine, In this way, ecgonime, banzoic
aeld and methyl alcoohol are obitaimed. The folle
awimg shows the structural formulse of ﬁ@@&i#&

gﬁ&‘&agﬁnzﬁ&. a8 proved by ¥illstatier.

'%4553 ?g~$'“*f§é§§ E Gocaine.
o, — OB — oA, |

£3
y

CH '?ﬁ.@@ﬁﬁ
OR.OH %E@gaﬁix%.

an —— o,

AT
B
»
3

&
poe-
e

B



()

© In the livimg organiem, the alkaloid is
said to be changed rapidly into eegopine. The
hydrolysis ie thought to be due to the action of

one or more specific enzymes.

The reagents especially sensitive to oo~
salne are: lodo-potassius lodide, potmssiun mere
curic lodide, potassium bismuthous iodide, phos~
gho molybdlie aeld and pioric scid. Pure concene
trated sulphuris aad niirie acids sdissoive co-

caine without colour.



EXPER IMENTAL



(8)

Tue materisl used in all cases was minced
beef liver, bucause it could be obizined cheaply,
and represented falirly well the kind of material

encountered in toxicological examinations.

Experiments were first carried out to de-
fermine whethar any cocaine could be extracted
~from acidle selution. This was done because a
quantitative estimation of eocaine following the
usual methods, in which the ether extract of the
acidic solution was disearded, wagkn@t pogaible.

Two methods were used in &r&&r %Q find oul which

would yield the best resulis.

1 0.25 grams of cocaine were dissolved in
50 cc. water, with the sddition of 20 drops of
10% tartaric acid. This solution was extracted

twice with ether, usiBg 50 coc. esch time. The eth-

areal Zayar/waslsagaraaaﬁ,aaah time from the age
‘ueous meld liguid end allowed %o stand for two
nours in a dry, loosely stoppered flask. It was
then ﬁ&@aﬁﬁaﬁ from the fﬁw‘ﬁra@s of wster which had

collected on the bottom of the flask through s dry
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filter into a dry flask. The larger portion of the
sther waé distilled off on the steanm bath, and when
But 10 ce's remained, was poured inte a weighed
glase dish. The residual ether was @?&gﬂ?&t&éiaff
on tis steasm bath, and when it had all been driven
off, the residue remaining inm the glass dish was
dried by standing over cone. sulphurie acid in a

‘vaguun dessicator.
¥t. of cocaine recovered - L0083 @f&&s.

The agueous acid solution from above was
@ade strongly slkaline with sodium carbonate sole
ution, and extracted twice with ether, using 50 cec.
&aaﬁ time. The ethereal @xﬁraat was allowed to
stand for two hours in a dry, loosely stoppered
flask. The subsequent ireatment wase ﬁﬁ% saRe as

above.
¥t. of cocaine recovered - 1843 grams.

Experiment 2,

The same procedurs ze oublined above was
followed in this experiment, but petroleunm eiher
wag substituted for ether.
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The results obtained were as follows:

Teignt of Cocaine Batracted.

- Prom Acid Solution L0083 grams.
From Alkaline SolZ. .1601 grams.

It can thus be seen that some aaﬁéiﬁa is
sxtracted from the acidic solution, but the am-
ount is o small that in the following experi~
ments, the ethereal extract of the solution made -

asidic with bartariec neld was disearded.

Another set of iwo experisents were car-
ried out to finmd which of two methods sugg
wag most sultable to ghﬁ’@ﬁf%:iﬁ hand.,

Zxtracticn of Cocaine by the Stas - QOtte Process.

0.25 grams of cocmine were added %o 20C
grams of minced beef liver comtaines in a litre
bolt hesd flask, 50 cc. of water were added, and
well shaken. 28C oo of 95% alcohol - previously
dietillel over tartaric acid to remove basle sube

stances - were added to the conitents of the flask,




| with the adaition of 20 drops of 107 tartariec scid.
The flask was connested bo am upright condenser,
and heated on the steam Loth for %@%ﬁtf.%iﬁﬁﬁﬁau
Aftér being cooled, the contents of tﬁé fiask were

filtered thirough a fine gloth to remove fat, and

the resldue waz washed with aloohol. Beveral hours

were requirsd for complete &rgim&ga. The filtrate

waa evaporated o a thin syrup in & glass dish upe

“on the stesm bath, 100 cc's of cold water were
added, and the mixture thoroughly stirred. This
wag then filtergd through a m@iﬁ%&naﬁ; fluted fil-
ter, and the filtrale evaporsied to near-dryness
.Qﬁ the steam bath. The residue wss tﬁax@ﬁghly i K-
ed with 100 ce's of aloohol, and sgain filtered,
the filtrate being %g&iﬁ.§¥§§&?&§@ﬁ't§ dryness..
 The resulting residue was disgaiveﬁ'iﬁ‘ﬁﬁ ca's
Eﬁt@?‘jgiViﬁghﬁﬁ scid solution of the cocaine im

the form of the tarirate.

The acid solution was exiracted directly
with 56 oe. ether. Af%er separation, the ether
layer was discarded, and the aguecus portion made

strongly alkaline with sodlum earbonate solution.

(11}
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The gocaine #as extracted by shaking out three times
with ether, using 50 cc's each time. The ethereal
solution, washed with water, was allowed to stand
for two hours in a dry, lﬁa&&xy stoppered flask, apd
then decantad ahraugh‘a dry filter. The ether was
dietilled %o small bullk on the steam bath, and then
evaporated on a welghed glase dish. The te&idﬁa was
dgried over cone. sulphuric acid containes in é vag-
uum dessicator, amﬁ‘th&n welghed. The weight of the
residue was 0.0%Y74 grams, aznd behaved as cocaine toe-

wnrde the following reagents.

A. Judoeso tassi un lodide.

A4 few drops of the reasgent addel %o the rese
idue dissolved inm dilute Bydrochloric mcid produced

& beown precipitate.

The resgent was employed im the following

The residue obiained above was dissolved in
@ilute nydrochlorie seld, evaporated teo dryness on

the steam bath, and the resulting residue was dige
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solved in a few drops of water. A few drops of pote
asslun permanganate solution wher adced to the ab-

ove solation produced a viclet precipitate,

Au a further test, the residue obisined in
gxpariment 3 was rubbed on the tongue for s few mine
ytez. Temporary snaesthesis ocourred, iﬁaﬁiﬁg for a

f&wfﬁiﬁa%as,

Bxperiment 4.

Zxkraction of Cocaine by the Petroleun Ether Hethod.

In thiez second method, the liver wasz extracte
24 with very dilute tartaric secid, and the cosalne
extracted from the meid sclution by rendering the

solution alkaline ang &ﬁ&x&aﬁiﬁg %i%ﬁ.gﬁﬁrﬁlﬁaw sithsy.

 The following trisl was made. .25 grams of
opoaline wers added Lo 200 grams of minced beef ii?eé
contained in o litre Boli head flssk, 50 ce's water
vere aﬁ&é&, and the mizlure weli shaken. To the zize
ture was added 150 ooz of very dliute tartarie acid
soclution, and the whole warmed very gently on the

stems bath for aboul fifteen hours. The contsnts @ﬁ'
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the flask were tisn ghaken up and filtersd through
a fineg eloth, the resldue helng washel with waler.
Several hours were regulred for a@myiéga draining.
- The filtfat&_gg%@ an acid rsaction, and was of a
deen red colour. It was shaken oub &?%ﬁ 86 ﬂ#’% of
pebroleum ether - gr&vigﬁaiy distilied over tartar-
ic é@ia o remse baﬁiﬂ,sﬁhétaaﬂ@s.- the %&i&tﬁalu
ation rum off, and the ether layer discarded. The
scid solution was made strongly alkaline with sode
ium carbonate ﬁaiaﬁian* and sxtracied three times
with petroleun ether, using 100 oc's each time.
The liguide were not shaken, but rocked gemtly in
a largs separatory Tunnel far'fi?% mivates - this
in order to aveid the formatiom of a disagreeable
emuleion which resulis when the liguids are rough-
1y shaken together. The combinsd etheresl extracis
were woshed with a little water, and then allowed
o ﬁ%@ﬁ&:f@g shout two hours, ia.g dry, loosely
stoppered flask. The liguid was then decanted from
the drops of water ﬁﬁiﬁh-haﬁ gallected on the Lot~
tom of the flask through a dry filter. The filtrate
was aia%ill&ﬁ to amall volume, and then evaporated
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appearance, and weighed 0.0681 grams. it haﬁa@%?

a8 cooaine towards the above-mentioned r@%gants('%\\§
“ 3
it can be seen. fra& th@ﬁ@ ax§e£iman§$
that the two methods are aﬁ@&t eqgual wiah xagarﬂ
to the amount of ﬁéﬁ&iﬁﬁ &z&r&et@ﬁ. The firﬁ% Be-
thod was followed in a&l the subseguent ax%ari«
ments. Although the sg@aﬁﬁ ??@@eﬁ% is s&%&#&aﬁ

ghorter, the first was chosen because t&arﬁ_was

a lesser volume of liquid to extract, and the
emulsion formed on shaking the liguids could be
broken culte ezsily.

| %%&bggams of ﬁiﬂﬁ%i beef liver were ?l%ﬁ&é
into each of seven flasks, of one litre e&;aﬁizy.
Ta the contents of esnch flaek, .25 grams of cocaine
were added, with the addition of 50 co's distilled
water, and each flask wae well shaken. They wers
allowed to stand at ordipary room temperature for

various paricde of time, ths cocalne then beisng gs-



timated by the Stas - Otto process.

The resldue obtaines in ench cmse was a
y@l&a&iﬁh; wazxy subsianee with a faini, arosmetice
odor. The residuse did met seem to be pure cocaine,
snd they werse iﬁ&r@far&-yur&fiéﬁ in the following

BABNET.

The reaidue wag treated with 25 cets of
&ilﬁtﬁ-%@ﬁzazaiaria éﬁiﬁ, and the solution filtered.
‘?" &

filtrate was extrnoted with 25 ce's of ether,
and ﬁﬁé aguecus liguid ér%%ﬁ aff, the &%ﬁﬁr extract
being disearded. The &§Q@Qas aeld ligquid was made
gbtrongly alkaline with sodium carbonate %@i&%&ﬁﬁ,f
and sxtracted three times with ether, ueing 25 ce's
each time. The combined ethereal extracts were them

treated as In the Btas - Otto process, aslready ocute

~iined. The resulte cbitained are given im the followe

ing table.

Period of Standing. Weight of Cocaine Recovered.

O Days 0.077% grams.

¢ Bays 0.0785 grams.
3 Days 0.0592 grams.
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3 Daya 4,0890 gransg.
5 Days | G.0045 grams..
T Days Je 048 grams.
7 DBaya G.U476 grans.
16 Deys 3.0455 grams.
15 Dmys GL.O08: grans.

20 Yays O.0043 grass.

The resulis, &c shown in ithe asbove tabla,
indicate that the cocasine was gradually decosmpesed
the longer it was in contact with the putrefying
iiver. The egeaine could be detected wilh corisinty
fifieen days %fﬁﬁr axyag&gait@ thﬁvéﬁgﬁﬁgﬂﬁiﬁ@
material, by smaking use of the potassium icdide taet,
snd the absesthizing action of the rssiduse upon the
tongue. After twenty days, however, fha presence of
cocaine in the residue could not be detersined with
eariainty. In all these sxperimenis, cocalne was
known 1o be &hs only alkaleid pressnt, and therelsre

it was guite sasy fo detect iis presence.




f Coegalne at Low Temperatures.

?ﬁiﬁ sa& af @xyarim&mt& Tas a&rrﬁ&é out &im»
ilar ta %ﬁaaa above, ﬁﬂﬂ&ﬁt that tn% fl&&ks wers

kept at t&ﬁ@%ratarag welow freezing. ?ﬁg results are

ag follows.

Feignt of Cocaine Recgvered.
Q.0710 grans.
0.065% grans.

These figuves show that the decomposition of
coonine lg very consliderably slovwer iB the c¢oli than
at ordinmary temperatures, due, no doubt, to the faet

that no putrefaction takes nlace In the eold.
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SUMMARY
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SIEYARY,

The presence of cocaine in putrefying matter
cannot be detected with certainty afisr {if.
teen days. |

The decomposition of cocsine in organic mat-

ter is greatly lessened at low temperalures.

(s
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