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INTRODUCTION.

Alkaloids are now generally defined as basic compounds of
vegetable origin. In describing all the vegetable bases as
alkaloids we are therefore collecting in one class a number of
subgtances of widely differing constitution with a correspond-
ing variety of chemical properties. All members of this gzouﬁQI)
contain one or more nitrogen atoms. A few contain nitrogen in
an open chain, but the nitrogen in general is present in a
cyelic structure such as in pyridine, quinoline, isoquinoline
or pyrrole. Still other alkaloids are derived from purine or
from complex dieylic systems as in the second half of the
chinchona alkaloids and in the tropine group. The nitrogen
atom possesses basic characteristies which ghow in almost all
members of this group of compounds., A few are soluble in
water forming solutions which are alkaline to litmus, but the
majority are only slightly soluble in water and only feebly
basic. Morphine is the most conspicuous example of a small
group of alkaloids, containing phenolic groups in the molecule
which magk the bagic nature of the nitrogen aton.

Nearly all the alkaloids are powerful drugs, many of them
being very poisonous. The toxiecity varies over a wide range
from aconitine, one of the most deadly poisons known, to
quinine which is poisonous only in very large dose. lNany of
these compounds possess curative properties and are of great

value in medicine. Some of them are illegally used for
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homicidal and suicidal purposes, in which case methods for
their estimation are of importance in toxicological analysis.
From the analytical point of view, alkaloids together with
the analogous bagic synthetic drugs, which have come into use
as subgtitutes for natural alkaloids, are grouped by the
toxicologist under the name of 'non-volatile basic poisona.*
The general methods for the estimation of alkaloids may be
roughly clagsified thus:- | |
1, Grevimetric methods. 0f the well known alkaloidal
precipitants gold chloride, picric acid, phosphomolybdic aecid
and silico tungstic acid are used for guantitative methods.
Hezard (1939) used silicotungstic acid for the determination
of solanaceous alkaloids in agqueous solutions while Wochsmith
(1951 ) recommended precipitation in ethereal solution in which
case the sensitivity is high and the precipitate has a constant
composition. Antimony triiodide has also been used as an
alkaloidal precipitant, the concentration of the alkaloid being
estimated iodometrically by the amount of the iodine content
of the precipitate. These methods are unsatisfactory in
toxicological analysis because of the great difficulty of
extraction and purification of the alkaloids from biological
material and the great losses which are involved.
2. Yolumetric methods. These depend on the titration of
the alkaloidal salt base with a standard acid. The end point
of the titration is determined either visually, using
indicatoégf)or potentiometrioallysuﬁhe latter being more
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accurate especially when an alcoholic solution of the alkaloid
is useds Becently the use of ion exchange chrometography wes
introduced to this method by percolating the solution of the
alkaloidal selt through a column of alumina or anion exehangers(f’m'm
the resultant liquid containing the free alkaloidal bases
which could be titrated direetly, These methods demand the
presence of several milligrams of alkaloids which means a

very large quantity in toxicological work,.

3« Colorimetyic methods. One well known method used in
this group is the Reineckate methof)in which case the resultis
are reliable in the range of from 2 - 10 mgm, a quantity not
always or even often obtainable in toxicological practice.
However, methods of this group have great potentialities,
especially with the modern sensitive photometers.

As there ig, at present, a tendency towards an inereasing
reliance upon colorimetric methods, we adopted as a foundation
Prudhomme's original technique with Brodie's later work, extend-
ing this method to a large number of different alkaloids. Ve
hoped to get ultimately an accurate and sensitive general method
for the estimation of alkaloids in toxicological and pharmaceut-
ical analyses.

Prudhomme (1940), was the first to draw attention to the
reaction of alkaloids ag organic bases with aecld dyes, resulting
in the production of stable additional compounds. He treated
quinine in chloroform with eosin in water in the presence of

phosphate buffer. The quinine-eosin compound formed is readily
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soluble in chloroform, giving rise to pink solution, the
intensity of which being measured spectrophotometrically.
Prudhomme stated that the same reaction applied to other
alkaloidss; for example, physostigmine, pilocarpine, atropine
and ephedrine,

Allen (1945), modified Prudhomme‘'s technique by (a) washing
the eosin reagent with chloroform several times to free the
eosin from the chloroform soluble fraction of the dye.

(b) recommending the shaking of the eosin-gquinine compound in
chloroform with diluted phosphate buffer, Introducing these
two modifications, Allen claimed that the alkaloids mentioned
in Prudhomme's results have no longer any significant inter-
ference if they are present in quantities of the same order
of the useful range of quinine (5 - %0 ug/10 ml, plasma).
Strychnine, brucine, hyoscine, morphine, diamorphine and
codein, when used in similar concentration to that of quinine,
were found not to interfere, He also stated that other common
chinchona alkaloids regpond to the same extent as quinine,
while emetine gives a regponse of approximately one-~tenth of
that of quinine,

Barlow & Climenko (1943), were the first to apply this
method to synthetic basic drugs. Taking into consideration
Prudhomme's original technique, they proposed a method for
the determination of demerol in urine. They extracted demexrol
with benzene and treated it with bromo-thymol blue at pH 7.4.
The compound, demerol-bromothymol blue, imparted a yellow tint
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to the benzene layer, the intensity of which was measured
spectrophotometrically,

In their prél iminary study of demerol excretion in man,
Lehmenn & Aitken (1943), modified the Barlow & Climenko method
by extending the procedure a step further, After the formation
of the demerol-bromothymol blue compound, an aliquot of the
benzene extract was shaken with a small volume of godium
hydroxide solution, when the compound decomposed and the dye
passed to the aqueous layer giving a blue colour, The inten-
sity of the colour is indireetly proportional to the amount of
demerol pregent.

Oberst (1943), followed the procedure of Barlow & Climenko
but used a smaller volume uf bengene and bromothymol blue :
solution., The intensity of the yellow colour of the benzene
layer was measured at 420 mu,

larshall & Rogers (1945); also used benzene and bromo-
thymol blue for the determination of cinchona alkaloids. They
added a solution of bromothymol blue to the agueous solution of
the alkaloid adjusted to pH 7.0; after standing for an hour
they extracted the compound formed by shaking with benzene for
half an hour, and reading the intensity of the yellow colour
of the benzene layer.

Brodie & Udenfriend (1945), found that most of the basic
| organic compounds combine with sulphonic acids to form molecular
complexes which are highly soluble in immiscible organic solvents;
ethylene chloride was the golvent of their choice, Taking
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cinchona alkaloids (cinchonidine) as an illustrative example
of basic organic compounds, they recommended methyl orange as
the most suitable member of the caloqred sulphonic acidses In
1947, they found that ethyleme chloride give higher tissue and
reagent blankes and replaced it with benzene, which gave lower
blanks and more accurate resulis.

Cronheim & Ware (1948), studying the different members of
the sulphone phthalein dyes group for the determination of
amidone in urine found that:

(2a) nonhalogenated sulphone phthalein dyes gave no reaction
with amidone;

(b) halogenated sulphone phthalein dyes were suitable for this
purpose.s From the latter group bromocresol purple was chosen
as the most suitable member. Cronheim et als (1950) used
bromeresol purple for the determination of tropine alkaloids
in pharmateutical preparations.

Adm of the Woxls:

This method, which is based on the reaction between acidie
dyes and basiec drugs proved to be a sensitive and accurate
nethod for the determination of minute amounts of einchona
alkaloids (Brodie et al,, 1945). As it was not extensively
studied, it was thought that it would be of analytical value to
extend this method to a number of acidic dyes and alkaloids
uging different solvents. It was hoped ultimately to get an
accurate and sensitive general method for the estimation of
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alkaloids in toxicological analysis for routine purposes.
This thesis deals with the critical examination of the method,
and its application to toxicological analysis.

A number of acidic dyes of different chemical nature were
tested for their reactivity with a variety of alkaloids. OQuinine
wags chosen as a representative example of alkaloids for its
pronounced basic character and its great sensitivity to this
reaction. Preliminary experiments showed that 5 ug. gave an
easily detected colour, The dyes found suitable for use were
tested for thelr reactivity with some of the important alkaloids
usually met with in toxicological analysis.

The eritical examination of the method was Pfurther studied
for quantitative purposes, Strychnine was chosen as an example
of an alkaloid. Strychnine and brucine, which ere commonly
present together and so clogsely related to be diffieunlt to
separate completely, especially in small quantities, are often
regnired to be determined separately in naturally occurring
mixture. The recovery of strychnine from aqueous solution was
studied and spplied to biologicel materials. The method was
extended for the estimation of strychnine in very low concen-
trations by concentrating the dilute samples followed by
estimating the alkaloid by the above method.

Toxicological samples due to poisoning with naturally
occurring mixtures of strychnine and bruecine, for example
tincture Hﬁx‘?omi&a, the péwﬂered nux vomica seeds, or ignatus
beans, are expected to contain beoth alkaloids. A4s strychnine
and brucine both respond to the alkaloid dye formation method,
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they should be separated before their individual estimation,
For this purpose a chromatoyﬁphic study of the separation of’
these two alkaloids was diéeuased in a part of this work.

A technigue was finally evolved for the estmtion of
strychnine and brueine in mixbure, present in very low eoncen-
trations in agueous and biological material.
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PART 1T :

THE ALEALOID-DYE ADDITION COMPOUND METHOD

DIVISION I: QUALITATIVE STUDY,
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I. (1) CRITICAL STUDY OF THE METHOD INCLUDING LISTS OF
DYES, SOLVENTS AND THE ALK#LO;D§ SUGGESTED FOR USE,

This part of the work is the study of the reaction between
acidic dyes and basie drugs; they react with one another
forming addition compounds to which we shall refer as the
"glkaloid-dye compound" (this in the case of alksloids which
are of interest)., These addition compounds are freely soluble
in most of the immiscible organic solvents and are decomposed
by strong alkali or aecid to the alkaloid and the free dye.

The dye will give a coloured agueous layer and thus the concen-
tration of the alkaloid is indirectly estimated colorimetricsally.
It has been suggested?that the mechanism of reaction for the
formation of the slkaloid-dye dompound is the oombination of the
acid radical of the dye with the nitrogen of the basic part of
the alkaloid or drug molecule,

Several dyes and alkaloids were subjected to this qualitative
study using different solvents.

DYES. The dyestuff must fulfil the following conditions:
(i) it must be of acidic nature.
(ii) it must give colourless blanks with the different
solvents,
a4

(ii2) it must react with quinine,

(iv) the quinine dye compound must be easily decomposed
with dilute solution of strong alkali or zeid.

®# Barlow & Climenko, personal communication, 1943.

=% Quinine was chosen as a typical example of an alkaloid for
its gggnounoed basic character and its great sensitivitg
for s reaction (5 ug. give an easily detected colour),



TABLE 1.
List of the Dyes used in the study.

Kame Structural Formula pH range
NITRO DYES y 5
- -NO
Pieric Acid A N no pH range
~7
o,
AZQ DYES
Metenil Yellow i 142 = 2
: e L 2L LD oL 2
Methyl Orange B T el = 444
s N - e < .- = s
C_?. i l\/-—-—/ M c.\\‘“
Methyl Red - /¥ bed = 642
7. — N NDN S s
£ |
NK, ow
Evans Blue NaS2o _/'\_ _ o N‘“'-‘:_” ) ‘3.0 = 11.0
|\|,U I Ly i
5”'_, \“s . \50_5?0;.
Tropoaelii‘l 0. “H 11e1 - 12,2

Oxrange G. Y ™ “_T\)\l
~ \,L’ S

no piH range

Zrsomr

Chromotrope Ty NN i \/\j
2R ,\/ \S‘—" i\Jq.

no pH range



TABLE 1, (Contd).

Hane Struectural Formula pH range
(&} o LR cHl
XANTHENE DYES T A
M A /\( oM
Thymol Blue le2 = 2.8
::hﬁﬁx““giﬁr/Ji;s
» /1\{_“501'
vl Bt
e L
Bromphenol | i P> 30 = 446
Blue B e
\
A~k
Ll
"
_,M/}\. (Pl 3
Bromeresol || .,L 348 = 5.4
Green g (i 6r
oy TS —-'f? oty
)\—-—-50’-.,
I
o4
Bromeresol f ( k,j N 5.2 = 6.8
Purple B TS e Nl
)\_____..?So
O
c"“;‘r.’@c"“b ‘“‘3\%’0 \“3
Bromthymol ee & B 640 = Teb
ron 0O ' I . - e
Blue g "‘\aq::a"\"‘&«
qf‘\._...gﬁ‘
i
_ Ju-]/\| \’-““
Fhenol Red S o GeB = Bod
L et 7 \ L._'_/L‘b [
J
1513 B & e
o-Cresol ; A e Be2 = 9.8
LELQILEL LT L1) “1; T~ e =



TABLE I (Contd).

Nane. Structural Form pH range .
ANTHRAQUINOLINE IYTES
:
Alizarin 3 about
seth
L)
\
o
TRIAZOLE DYES
= o - $| .'7‘-_"“ ~. \/(H3 H
Titan Yellow ™3 ./ &l R BT i T r | no pH range
, | W e ; N
p \N
Fast Green Clda Wy no pi range

/

Q“st“\.

ey =W &
NaST4 s N f\

~NA o

DR, Puis S50 Na
"< _)_': !: = \.'H3 < > 3

\ s ;
p; N—( N ~ 36,




A number of dyes of different chemical strueture and acidie
nature were chosen for the study. (Table 1).
A, As regardes the chemicsl nature of the dyes particular
attention was given to the azo and xanthene dyes, coloured
sulphonic acids some of which were used by previous investig-
ators.

The Azoldyes group is classified thus:-

ls Dyes having colour change at different pH levels,
i.,e., acid-~base indicators, which are subdivided into:

(a) dindicators with pH range on the acid side of
neutrality, e.g. metanil yellow 1.2 - 2,3, methyl orange
%el = 404 and methyl red 4.4 - 6.2.

(b) indicators with pH range on the zlkaline gide of
neutrality, €.g. Evan's blue 9,0 - 11,0 and tropaeolin 0
11.1 - 12.7.

24 Azo dyes without colour change, as orange G and
Chromotrope 2R.

Indicator dyes of the Xanthene group, covering a wide
range of pH, were piéked. Thege are grouped thus:

(a) nonhalogenated xanthene dyes, thymol blue 1,2 - 2,8,
phenol red 6.8 - 8,4 and o-cresolphthalein 8,2 - 9.8.
. (b) halogenated xanthene dyes, bromphenol blue 3,0 = 5.4,
bromeresol green 3.8 - 5.4, bromeresol purple 5.2 - 6.8 and
bromthymol blue 6.0 = 7+6s

Some other dyes were also tried:

Nitro dyes : picric acid, m-dinitrophenol,
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Anthraguinoline dyes : alizarin,
Thiazole dyes : titan yellow,
Phenyl methane dyes ¢ fast green.

B, As regards the acidic nature, the dyes and indicators
may be classified as follows:-
l. Dyes with phenolic groups, picric aecid, alizarin,

2, Dyes with sulphonic acid group(e) as methyl orange
metanil yellow. -

3« Dyes with both phenolic and sulphonic acid groups,
€ege¢ Evan's blue and all the sulphone phthalein dyes,

4 In a few cases the acidic group was a carboxylic
group as in the case of methyl red.

In the case of o-cresol phthalein the carboxylie group
was accompanied with a phenolic group.
All the dyestuff tried in this study ave given in Table I.

SOLVENTS, The solvent must fulfil the following conditions
to be suitable for use:-
(1) immiseible with water,

(11) good solvent for the slksloids,
(1ii) the dyestuff to be insoluble in it,

(iv) the alkaloid dye compound is to be freely soluble
“4n 1%.

The solverts suggested for this work are:-
(a) Ethers : diethyl. ether.
(b) Alcohols : as alcohols are known to be good solvents

for alkaloids some of the higher members of the
aliphatic slcohols which are immiscible with water

were tested; those were butanol, pentanol and oetanol,



TABLE 2.

Alkaloids used in this Study.

Their Solubilities in Certain Orgsnic Solvents.

Alkeloid Gm, of alkaloid dissolves in 100 ml, Solvent
Water Alecohol Lengene Ether Chlorofox
Strychnine 0.0156 666 +556 slightly 20
soluble
Brueine +333 T7 1 0.53% 20
Atropine 22 50 soluble 40 100
Hyoseine Slightly soluble soluble soluble
Hyosecine .357 pHY freely 666 1.45 100
soluble
Horphine 02 AT6 insoluble .0160 1220
Diemorphine 0588 322 soluble 1,0 .666
Cocaine JA67 15.4 28,6 142.9
Procaine 9 soluble soluble soluble soluble
Bengocaine 040 20 25 50
Quinine 0642 2239 A25 soluble 90.9
Lousline soluble soluble soluble soluble soluble
in hot
Yohimbine sparingly soluble soluble soluble soluble
soluble in hot
Aconitine 032 3.57 14.3 1.54 50
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(¢) Halogenated aliphatic hydroearbons : lMembers of this
group are excellent solvents of alkaloids. ZEthylene
chloride was chosen as representastive because it is
readily recoverable and it keeps well with no
production of acidie products as a result of hydrolysis
on standing, as is the case with c¢hloroform.

(d) Aromatic hydrocarbons : benzene,

THE bI . Table 2 inecludes a list of the important
alkaloids usually met with in toxicological analysis and cover-
ing the various types. The cinchons alkaloids are known by
their pronounced basic characters; from this gmwup gquinine
was chosen as an illustrative example of the alkaloids for the
qualitative work as preliminary experiments showed that it
responds in minute quantity (5 ug.) to the alkaloid-dye
formation method. From the strychnos aelkaloids strychnine

end brucine were chosen. Atropine, hyosine, hyoscyamine
represent the alkaloids of the atropine group. MNorphine,

an exceptional member of the alkaloids, possesses amphoteric
characteristics due to a free phenolic group contained in its
molecule; it was of interest for it to be tested for its
response to this method, comparing it with one of its
artificial derivatives "heroin", in which the phenolic group
is acetylateds Cocaine as the chief member of the alkaloids
of coca, together with two of its substitutes, procaine and
benzocaine, were also tested., Other alkaloids, lobeline,
yohimbine and aconitine were included in the list of alkaloids
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used in this qualitative study.

The above mentioned alkaloids were tried for their
reactivity with acidic dyes in order to test the possibility
of applying this method as a2 general one for all the alkaloids.

(ii) EXPERINENTAL
A. Testing the Dyes for their Suitability.

(a) ZEach of the dyes and indicators in Table I was
tested for its solubility in the different solvents.
A concentrated solution (0.1 gm.%) of the dyestuff was
prepared™; when a buffered solution was used the agueous
solution was diluted with an equal volume of buffer solution

# Xonthene dyes are provided as their free acid form., To
render them water soluble, the monosodium salt was prepared
by adding a certain amoun% of sodium hydroxide as given in
the table below,

The volume of the 0,01 N, sodium hydroxide is per 0.1 gm.

of the dye.
Table 3.

Dye ml. HEOH
bromphenol blue 14.9
bromeresol purple 1845
bromthymol blue 1640
thymol blue 21.5
phenol red 28, 2
bromeresol green 14.3

Koch & Hanke , ' Practical Biochemstry'.




of the required pH‘?
1.0 ml, of the dye solution was shgken with 20 ml, of
the different solvents in turn for 10 minutes. The mixture
was centrifuged and 15 ml, of the solvent layer transferred
to a glass stoppered tube containing 5 ml, of n/io hydrochloric

acid,
Rappaport,F. , Rapid Microchemical
Methods for Blood and C.S.F.
#% (1) (The Phosphate Buffe i nlaatiount I04G .37,
Solution A.  NaH,PO,.2H,0 2+34 gn/100 ml,
Solution B. ﬁaQHPO4 anhyd., 1.906 gm./100 ml.
@_@ble 4,
Solution A, Solution B. pH

mlo ml.
1000 see 4.6
9.8 0.2 5.0
9e5 CeB 545
705 2.5 6.0
7.0 3.0 6.3
640 440 6o 5
Je3 6o 7 Te0
25 Ta5 Te?2
1.5 805 704
%tg 940 ' gtg
0.0 183 8%6

(2) [The Citrate Buffer.

Solution A, 21,01 gm, citric aecid dissolved in 200 ml,
of N, NaOH and made up to 1 litre with water,
Solution B. 0«1 N HCl,

Table 50

Solution A. Solution B. pH
mi. ml.
640 +0 4415
D5e5 1.5 394
560 560 369
4.75 5.25 3.2
4450 Se5 e 30
4,00 6.00 297
e 33 667 2.27
.0 7.0 1.92
2.0 840 l.41

1.00 9.0 1.17



A Study of the Solubility of Various Dyes and

TABLE 6.

Indicators in Organic Solvents,

solution
Benzene Ether Ethylene
Chloride
NITRO DYES:
Picric acid ag. soln, b 4 x x
‘m dinitrophenol " . "4
AZO DYES:
Orange G. ag. soln, 1 4 "1
Chromotrope 2R " " "4 ¢ 4
lMetanil Yellow . " g 1 g
476 ] g g
Methyl Orange " " '] g ']
5.0 g g4 g
Methyl Red ag. soln. x X x
6 oD X X b4
Evang Blue aq. soln, '] 4 1
9.0 g ¢ ]
11.0 g g g
Tropoaelin O 11.0 g g g
12.0 "1 1 &

colourless blank

coloured blank



TABLE 6 (Contd.)

Blank
Dye PH of
solution Benzene Ether Ethylene
Chloride
XANTHENE DYES:
Thymol Blue 1.25 x x x
1.40 x p x
1.64 x x x
2.6 x x X
2.9 X b4 x
4,6 '] g 1
8.6 1 1 "1
I 10.0 g 4 g
Dromphenol 2,6 x x x
Blue
2.9 x x x
3.6 x x x
! 4.4 x x x
' 4,6 X x x
i 5.0 g # x

&g - colourless blank
x - coloured blank.




TABLE 6. (Contd).

- Blank
e agiuzion ;
Lenzene Ether Ethylene
Chloride
Bromeresol 3.67 x x %
Green iggg x X x
. x x %
5.0 -4 x é
5.5 g g g
Bromthyuol 53 x x b4
Rlue 6.0 x x x
6.5 x x X
T.4 '] x x
7.6 1 x X
8.0 g x x
ng§;§3301 g:g p 4 x X
e ' x x x
M g T
7.0 4 & g
Phenol Red 4,0 g g g
6.5 1 g o
B .2 3
8.0 g g g
o=-Cresol 8.0 x b4 X
Phthalein 8.6 X x x
above 12 4 x x
Alizarin ag. soln. - b 4 x
5.0 =z x x
9.9 x x x
6.0 x = x
Titen Yellow ag. soln. 1 4 &
Past Green " » 1 o 1

# =
=

colourless blank
coloured blank,
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or sodium hydroxide™. If, after sheking, any colour appeared
in the agueous layer, i.e, if 2 colour blank was given with s
solvent, the dye was excluded for unsuitability with that
perticular solvent,
(b) Those dyes that passed the previous test were further

tecsted for their reactivity with quinine.

Solutions of quinine in the different solvents were
prepared (3 ug./ml).

20 ml, of the quinine solution were shaken with 1 ml,
dye solution for 10 minutes, then centrifuged. A4bout 15 ml,
of the orgenic solventi were transferred to a stoppered tube
containing 5 ml, of N/10 hydrochlorie acid or sodium hydroxide,
followed by shaking for 5 minutes. A coloured aqueous layer
indicated a positive reaciion between the dye and quinine,

Be Reactivity of the Alksloids with the Dyes.

 Solutions of the various alkeloids chosen for this study,
Table 2, in the various solvents were tested for reactivity
with dyes and indicators selected as suitable for the purpose,
following the above procedure A(b).

2 DISCUSSION,

(1) The Blanks of the Dyes Tested.
The study of the blanks of the different dyes (Tsble 6)

showed that:

¥ Depending on the colour of the dyestuff in acid and
alkaline medium.



(A) All those dyes containing carboxylic and/or phenolie
groups gave coloured blanks both in their free acid form and
monosodium salt, with benzene, ether and ethylene chloride.
The dyes were those of the Nitro dyes; pieric acid and
me nitro phenol,

Azo dyes H methyl red,

Xanthene dyes : o=-cresol phthalein, and

Anthra quinoline dyes 3 alizarin,
The sodium salt of the sulphonic aecid dyes gave cclourless
blanks with benzene, ether and ethylene chloride,
(B) The sulphonated azo dyes tested gave colourless blanks
with the different solventes at all the pi tested, e.g.
methyl orange gave colourless blanks with benzene, ether,
; ethylene chloride in aqueous solution and at pH 4.0 and 5,0.
(C) The non-halogenated sulphone phthalein dyes, phenol red
end thymol blue gave colourless blanks at all the pH lying
in their pH ranges. Phenol red (pH raﬁge 648 = 8,4) gave
colourless blanks with the three solvents used at pH 4.0,
Ge5y TeO, Te6 and 8,0,
(D) It was found that there was a relation between the
depth of the colour of the blank and the pH of the dye solution
of the halogenated sulphone phthalein dyes, The dyes tested
gave deeply coloured blanks at the acid pH of their colour
range which decreased on shifting the pH of the buffered dye
solution towarde the alkaline pH of the indicator range. As



Reactivity of the dyes that
blanks with gquinine using the

TABLE

gavn colourless

ifferent solvents,

Dye pi of Reactivity
gsolution
Benzene Ether Ethylene
Chloride
Orange G. aq. soln, - - -
Chromotrope 2R . " - - -
Metanil yellow » L + - +
pH 4.6 + - +
llethyl orange agq. soln, + - 4
PH 5.0 + - *
Evans blue ag. soln, - - -
PH 9.0 - - P
11.0 - - =
Tropaeolin O ags soln, - - -
pH 1.0 - . -
Thymol BElue PH 4.6 - s -
lOIO - - -
) coloured
Bromphenol blue 5.0 s + vlank
- coloured coloured
Bromthymol blue 7.4 - blenk blank
Bromcresol green 5.5 + + -

Reaction with quinine

No reaction



PABLE T. (Contd).

Reactivity
Dye P of dye
golution
Benzene Ether Ethylene
Chloride
6 .IS - - oo
7 OE - - -
8 00 - - -
5 . 5 e o - —an
655 - - -
Titan yellow aq. soln. - - “
Fast Green ag. soln, - - -

+

=

Reaction with quinine

No reaction
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an example bromeresol purple (pH range 5.2 - 6.8) gave highly
coloured blank at pH 5.5, at pH 6,0 the blank became faintly
coloured and at pH 6,5 the blank became colourless with the
solvents used, Bromthymol blue (pH range 6,0 - T7.6), gave
coloured blanks at pH 5.5 = 6.5, but the blank was still
coloured with both ethylene chloride and ether even at pH 8.0.
This might be due to physical solution of bromthymol blue in

these two solvents.

(i1) Ihe Reactivity of the Dyes with Quinine. (Table 7).

The resctivity of the acidic dye with the alkaloids
depends mainly on the following conditions:

(a) The molecular siructure of the dye; as shown sbove,
the nonsulphonated aecidic dyes gave coloured blanks, yet some
were tested for their resctivity with quinine., With alizarin
(acidity due to phenmolic groups in the ortho position) and
methyl red (carboxylic acid group)®, it was found that thexe
was no reaction.

It could not be concluded from this that nomsulphonated
acid dyes do not react with alkaloids because cosin reacts
with some alksloids though it is not sensitive, since strychnine, !
brucine, hyoscine, morphine diamorphine and codein, when present b
in the same order as that of the useful range of quinine in
plasma were found not to reasct with eosin,

(b) A colour chenge at a certain pH range; in order that the

# A blank was done as well for the comparison of the
produced colour.



dye may react with the alkeloids it must have a colour change
at a certain pH range. All those dyes with no colour change,
€e8¢ Orange G, chromotrope 2R, titan yellow and fast green aid
not react with gquinine,

Concerning those dyes that reacted with quinine:-

(A) The Azo Dyes., Only those dyes with pH range on the acid
side of neutrality, that reacted with quinine as methyl orange
and metanil yellow, while Evan's blue 9.0 -~ 11,0 and
tropoaeolin O 1l.1 = 12,2, did not react because their pH
ranges are on the alkaline side of neutrality.

The pH of the dye solution might have an effect on the
reaction between the dye and the alkaloid., To investigate
this point solutions of methyl orange at pH 8,6 and tropaeolin O
at pH 4.6 were prepared and shaken with quinine in benzene and
ethylene chloride., It was found that methyl orange did not
react with quinine at pH 8.6 while it readily reacts with it
at pH 4.5; tropaeolin 0 was found to reaect with quinine at
pH 4.6 but the colour produced was very weak compared to that
of methyl orange. This proves thet the reaction between the
acid dyes and slkaloids proceeds readily at an aeid pH. (Azo dyes).

(B) The thene Dyes. Only those halogenated dyes of
this group rescted with cuinine as bromphenol blue, bromeresol
green, bromeresol purple, bromthymol blue. The nomhalogenated
xanthene dyes, phenol red and thymol blue, did not react with
quinines This is in sgreement with the results of Cronheim



IABLE 8,

The dyes found to be suitable for use in this study,

the pH of their buffered solutions, their blanks with
different solvents and the wave lengthe at which maximum
gbsorption of the different dye is obtained,

Dye pH Blank max.
buffer absorption
soln, Benzene Ether B lene mu
Chloride
Metanil
yellow™ 4.6 Colorless Colorless Colorless 550
Methyl _.
orange® 540 " " " .
Bromphenol
blue* 5.0 " s Colored 580
Bromcresol
green® 5¢5 » " Colorless 620
Bromere&ol
purple Ge5 - " . 580
Bromthymol
blueX Ted - Colored Colored 610
® -~ colour produced with alooholic N/2 HC1,

" . " " 0+.IN NaOH.
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& Ware (1948).

The dyes found to be suitable for use in thies study,
the pH of their buffered solutions, their blanks with different
solvents and the wave lengths at which meximum absorption of
the different dyes are given in Table 8. ' j

The Solvents.

A, Ethers; although ether gave colourless
blanks witﬁomgf the dyes, yet it is an unsatisfactory solvent
for both the alkaloids and their compounds with the dyes.

(a) the alkaloid dye compounds of methyl orange and
metanil yellow are insoluble in i%t.

(b) the high volatility of ether may cause inaccuracy
of the gquantitative technigue.

(¢) although ether is a good solvent for some alksloids,
yet it is not for sitrychnine which is of special interest in
this study.

B. lcohols: the group of immiscible slcohols was
excluded as well, because they gave very highly coloured
blanks. This was mainly due to the great affinity of these
aleohols for water, so that on shaking the alecohol with the
agueous solution of the dye a part of the water passes to the
alcohol dissolved in it and resulting in a high blank.

Brodie and Udenfriend in their technigue, using benzene
end methyl orange found that the blank was coloureds This
coloured blank was due to the presence of iso amyl alcohol
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(which they added to the benzene layer after the extraction
of the alkaloid from the sample to minimise the adsorption of
the elkaloid to the glass); repeating their technique after
exeluding the addition of iso amyl alecohol the blank was

colourless,

Ce Halogenated Hydrocarbons: Ethylene chloride proved

to be satisfactory as it is an excellent solvent for both

the alkaloids and their dye compounds,

D. rocarbons: Benzene also proved an
efficient solvent for these alkaloids which are freely soluble
in it, and whenever possible, should replace ethylene chloride

since:

(a) ethylene chloride gives a coloured blank with brom
thymol blue;

(b) it gives high urine and tissue blanks which is not
the case with benzene (as will be shown later):;

(e) ethylene chloride readily forms emulsion on shaking
with the samples,

(d) 4in the case of benzene 4/5 of the original volume
used could be used for the colour production, i.e, to be
shaken with the alkali or acid, while in the case of ethylene
chloride only 2/5 of the original volume could be used because
of the difficulty of'separating the two layers and removing
the aqueous layer;

(e) ethylene chloride is more toxiec than benzene,



ZARIE 9. (a)
BENZENE

Alkgloid Methyl lMetanil 3Brom- Brom- Brom- Brom-
Orange Yellow  thymol cresol phenol cresol
Blue Purple Blue Green
Strychnine + + B +* + +
Brueine + + + EX + +
Atropine + + + + + +
Hyoscine + + + + +
Hyoscyamine & + + + +
Cocaine - + + - & +
Procaine + + + + + +
Benzocaine - - - - - -
Morphine liorphine is insoluble in benzene
Heyroin + + + + + +
Quinine + B + + - 4
Lobeline + + + + + +
Aconitine + + + + + 4
Yohimbine Only soluble in hot benzene

= positive reaction

o= negative reaction



Alkaloid

Strychnine
Bruecine

Atropine
Hyoseine
Hyoseyomine

Cocaine
Procaine
Benzocaine

Horphine
Heroin

Quinine

Lobeline

Aconitine

Yohimbine

lNethyl Orenge lMetanil Yellow Bromeresol Purple

positive resction
negative reaction



TABLE Eo (C)

SIUER

Alkeloid Methyl letanil Bromeresol Bromeresol Br no:

Orange Yellow Green Purple Blue
Strychnine - - + +
Brucine - - + * +
Atropine - - - - -
Hyoscine - - - -~ *>
Hyoscyamine - - - - “-
Cocaine - - - - -
Proecaine - - - o *
Benzoeaine - - - “ -
Horphine the alkeloid is insoluble in ether
Heroin " " * i -
Aconitine - - o - -
Lobeline - - + + :
Yohimbine - - + * +

+ = positive reaction

- = negative reaction



(IVv). IHE ATKALOIDS.

The results of tests with verious alkaloid dye solvent
combinations are given in Table 9a, b, ¢+ The solubility
of the alkaloid and its dye compound in the different solvents
is the governing factor for choosing the dye-solvent system
for the particular member or group of alkaloids.
Ao The alkaloid-dye compounds of the azo dye group, €.Z.
methyl orange and metanil yellow, of all the alkaloids tested,
were found to be insoluble in ether, With the sulphone phthaleiﬁ
dyes, bromeresol purple, bromphenol blue and bromphenol green
the dye compounds of the atropine group, cocaine and its
substitutes and aconitine were also found to be Insoluble in .
ether, The dye compounds of strychnine, brucine, heroin, >
quinine, lobeline and yohimbine with the dyes of sulphone
vhthalein group were partislly soluble in ether as the colour
obtained was very weak compared with that produced with benzene
and ethylene chloride and on re-extracting with a fresh amount
of ether a colour was produced in the sodium hydroxide layer. ;
. B Benzene and ethylene chloride proved to be satisfactory
solvents for the different alkalold-dye compounds with the
exception of morphine which is insoluble in benzene and slightly
soluble in ethylene chloride.
C. Morphine did not react with any of the dyes because
there is a free phenolic group in its molecule which masks the
basic characters of the nitrogen atom. Heroin which has no
free phenolic group reacted readily with all the suitable dyes.,



PARY II :

THE ALKALOID DYE ADDITION COMPOUND HMETHOD

DIVISION II : QUANTITATIVE STUDY.



A Dist of Dyes and Indicators which appear to
be sultable since a colourless blank could be
obtained, and which were active with alkaloids.

(A) Used with Benzene (b) Used with Ethylene Chloride
Bromeresol purple Bromeresol purple
Bromeresol green Bromeresol green

Bromthymol blue

Bromphenol blue

Hethyl orange lHethyl orange
Hetanil yellow Metanil yellow,
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DABLE 11, |
A Comparison of the Reactivity of Cexrtain Dyes
end Indicators (See Table 104).

l, Solvent used -~ benzene

2. Alksloid - quinine (20 ug.)
Dye Anti Log Transmittance
Bromcresol purple | 0,500
Bromeresol green « 300
Bromthymol blue «530
i Bromphenol blue «430
:. lHethyl orange «410
Metanil yellow «420
TABIE 12
A Comparison of the Reactivity of Certain Dyes
and Indicators (See Teble 10B)
l., BSolvent used -~ ZEthylene chloride
2, Alksloid - gquinine (20 uge)
Dye Anti Log Transmittance
Bromeresol purple 04490
Bromeresol green +410
Hethyl orange «420
Metanil yellow + 600

Ingtrument : Unicam Spectrophotometer G.P. 350.
Wave-lengthe: (see Table 9). At.the maximum absorption.
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Chapter 3, Conditions for the Quantitative Technicue.

(i) Choice of the Dye.

For the quantitative work the most sensitive dye of
those found to be suitable should be chosen. From the
previous qualitative work, a list of the suitable dyes
that reacted with all the alkaloids (except morphine) is
given in Table 10.

A solution of quinine in benzene containing 2.0 ug/ml.
was prepared by shaking 0.2 ml. quinine sulphate solution
1 mgm./ml.), 1.0 ml. sodium hydroxide 10% and 100 ml.
Benzene. 10 ml. of the benzene layer and 0.5 ml. of the
different dyes (Tablel10) were shaken for 5 minutes.

Shake 6 ml. of the benzene solution of the different
guinine dye compounds with 4 ml. sodium hydroxide or hydro-
chloric acid. Read the colour intensity at the suitable
wave length. (Table 8).

Repeat the same with ethylene chloride instead of benzene.

A fixed amount of quinine was allowed to react with the
different dyes in turn, using benzene and ethylene chloride.
With(%ggignél%romthymol blue gave the highest colour inten-
sity, bromcresol purple was the next, then promphenol blue,

————

metanil yellow and methyl orange, and the least bromecresol

(Table 12) . . .
green., When ethylene chloride, was used the highest extinction

was given by metanil yellow followed by bromcresol purple,
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methyl orange and bromeresol green,

Bromeresol green gave a higher reading with ethylene
chloride than with benzene although the amount of quinine
used with both was the seme. This might be due to the in-
complete solubility of the quinine-bromeresol green compound
in benzene and its free solubility in ethylene chloride., It
was found thet benzene was not a good solvent for the quinine-
metanil yellow compound and that ethyleme chloride was superior
to it because it gave a higher reading with the same quantity
of quinine,

From the above it is noticed that certain solvent-dye
combinations should be used., As bromthymol blue gave the
highest colour extinetion with benzene, this combination was
therefore recommended whenever the use of benzene as a solvent
is possible. The most suiteble dye for use with ethylene
chloride is metanil yellow,

Purther work was done Yo confirm the above mentioned
solvent-dye combinations, Brodie & Udenfriend (1945), used
methyl orange-ethylene chloride for the determination of the
cinchona alkaloide in biological material, while in a later
communication (1947), they replaced ethylene chloride with
benzene. When this work was in progress an article published
by Gettler & Sunshine (1951) was noticed. They used methyl
orange - chloroform in their studies for extending Brodie's
method %o the estimation of a variety of alkaloids in tissues,
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From the preliminary work mentioned above, the brom-
thymol blue~benzene and metanil yellow-ethylene chloride
dye-solvent combinations gave the best results. It was of
interest to construcet comparison curves between:
(6) methyl orange and bromthymol blue with benzene
(b) methyl orange and metanil yellow with ethylene chloride,

Procedure:

In a gless stoppered 60 ml, capacity bottle, place 25 ml,
of the solvent, 1 ml, 2N sodium hydroxide and the volume of
the alkaloidal solution containing the required amount of the
alkaloid. Sheke for 10 minutes. Stand till the two layers
separate, decant the solvent layer in a tube and centrifuge
for 10 minutes (to break any emulsion formed snd to remove
any droplets of the aqueous solution that might be in the
orgenic solvent).

In a elean bottle containing 1,0 ml, of the dye
golution, transfer 20 ml. of the organic solvent containing
the alkaloid, shake for 10 minutes and centrifuge for quarter
of an hour.

In a stoppered 25 ml. measuring cylinder 15 ml, of the
alkaloid dye compound solution were shaken, with 4 ml. of
godium hydroxide or hydrochloric aecid (according to the dye
used), Centrifuge for 5 mimutes. The organiec solvent layer

removed by aspiration and the aqueous layer transferred to
a colorimetric tube., Read the colour intensity at the



Comparison of two Indicators for the Determination

TABLE 13.

of Quinine in Aqueous Solution

A, Denzene/liethyl Orange
B Benzena,/f%ronthyml blue.
Reading (4)® Quinine(pg) Reading (B)*
0.065 0072 g B 0.135 0.135
140 ¢ ég 190 «200
4T2 . 3 10 «250 255
«210 «210 12 <305 «310
240 .2 14 «345 375
270 16 440 o
«340 .335 18 JAT5 475
«370 370 20 «510 515
TABLE 14.
C. Ethylene chloride/llethyl orange
D, Etglana ohlorideﬁegﬁil Yellow
Reading (C) Quinine (ug) Reading (D)!
0,085 0,080 2 ug. 0,175 0.175
.160 -180 10 «340 320
280 «290 15 460 460
. 400 420 20 .620 .630
Wavelength:
A. 515 mu.
B. 610 mu.
c. 515 mu.
D. 550 mue.

700 7

500 7

400

300 -

200 -

100 7

FIGURE I .

COMPARISON OF INDICATORS FOR THE DETEEMINATION
OF QUININE IN AQUEOUS SOLUTIONS.

N

&

6
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@) Metanil Yellow/Hthylene Chloride

@(2) Bromthymol Blue/Benzene.

- 633) Methyl Owange/ 'thylene Chloride.

Sa Methyl Orange/Benzenes

T4 16 18 26

an
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suitable wave length.

Perform o blank using distilled water to adjust the zero
of the instrument.

For quantitative work the bromthymol blue dye proved
to be superior to methyl orange with benzene as the slope
of quinine bromthymol blue curve (Fig. 1) was higher than
that of cuinine methyl orange curve, HNetanil yellow
ethylene chloride combination gave better results than
those of methyl orange ethylene chloride, as shown by the
curve (Fige 1).

As strychnine was the alkaloid of interest in this
study, comparison curves between methyl orange and bromthymol
blue with strychnine, using benzene as solvent, were again
construeted to show strychnine's response to the two dyes.

Fig. 2 shows that bromthymol blue gave higher reading
with strychnine than methyl orange. The bromthymol blue
curve followed Beer's law in concentraticns of 0-50 ug. of
strychnine, while methyl orange gave a typical curve only at
concentrations higher than 15 ug. (15 =« 50 ug of strychnine).
This might be explained by the weaker acidic character of
methyl orange compared to that of bromthymol bdlue,

The reaction between the alkaloid and the dye depends
on the basic character of the alkaloid and the aecidic
character of the dye. Quinine being a strong base reacted
with methyl orange quantitatively at all concentrations,
while strychnine did not react with methyl orange quantitatively

at very low concentration from 0 - 10 ug. Strychnine was one



TABLE 195. FIGURE 2.

The Determination of Strychnine.

The Determination of Strychnine
A Comparison of Readings

4 Comparison of Curves

A7 | DANRG NNy SRSNEE SNE SenNene I- Methyl Orange / Benzene

Be DAAE RAARIAINNS Baun and bensens. 1I- Bromthymol Blue / Benzene.
900 |
Strychnine (ug.) Reading of methyl Reading of brom- :
orange thymol blue 800 | +« /ethyl orange. Curve
A, B,
5 0.003 0.000 0.050 0.050 ',
10 .008 .010 .150 2140 ol % 4
15 ,030 .036 .220 .230 (i
20 .065 .45 .295 .310 600 - //“
25 105 105 370 +370 /
30 135 160 450 470 s 4 ok
35 170 180 ' .518 .520 s
40 .245 240 .620 615 | W
45 +280 «230 <645 675 v % I1. Bromthymol blue C
50 -350 —o— .790 0770 ’ >
300 - /
Instrument used : Unicam Spectrophotometer G.P. 350
250 ~
Tubes : small diameter. Wave-length: A 515 mu. / 9
B 610 mu. p 4
Solvent: Bengzene Water blank : Nil. /
100 - /
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of the alkaloids (brucine, hyosine, morphine, end codein)
mentioned ﬁy Allen which do not react with eosin when present
in the same concentration as that of the useful range of
quinine in plasma (5 - 30 ug./l0ml. plasma).

The use of a strongly agidie sensitive dye, €.g+ bromthymol
blue, is recommended for the accurate estimation of small amounts
(0 = 50 ugs) of alkaloids,

(i1) Extraction lethod.

Extraction of the alkasloid from aqueous solutions, after
being rendered alkaline, by shaking with organic solvents was
satisfactory. The ratio between the volumes of the organic
solvent and the agueous solution was usually between 2,5 : 1
and was kept the same in each series of experiments, This
was to avoid any variation in the extraction conditions which
might result in inaccuracy due to change of the partition of
the allkkgloid between the organic solvent and agueous phases
resulting from changes of the.volumes used.

Extraction of the alksloids from biological material
will be discussed in Chapter 3, page 32.

Another method of extraction was lately thought of,
using ion exchange resins. The aqueous solution of the
alkaloid is percolated through a column of anion exchanger,
the alkaloidal base is then eluted with benzene or chloroform
followed by shaking with the suitable dye, bromthymol blue in



TABLE 17,

A Study of the Effect of Time of Shaking upon
the Formation of the Alkaloid-Indicator Addition

Compounds .
Volume of dye solution Reading
0.5 04510
0.7 « 520
1.0 « 500
2.0 « 530
ZABIE 16,

A Study of the Effect of Volume of Dye Solution
upon the Formation of the Alkaloid~Indicator Addition

Compounds.
Time of Shaking Reading
2 minutes 0,530
5 b +»510
7 ” «520
10 " «515
15 " «510
Reaction Employed:-
Alkaloid - gquinine
Indicator - bromthymol blue
solvent benzene

Colorimetric dataila - a3 in Table No, 15.
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the former, and metanil yellow in the latter. This method
will be studied in detail to find its accuracy with minute
amounts of alkaloids in the oxder of 10-50 ug. in another

communication.

(iii) |1Time Required for the Reasction Between th e and
! m@ A%Oidc

Marshall snd Rogers added bromthymol to the agueous
solution of the alksloid adjusted to pH 7.0, After standing
for an hour they extracted'the compound formed with benzene
by shaking for half an hour., Brodie et al, extracted the
cinchona with the organic solvent followed by sheking with
the dye for 5 minutes. The method used here was that of
Brodie et al.

A preliminary study of the time required for the reaection
between the dye and the alkaloid was performed by shaking
volumes of 20 ml. benzene solution of quinine (1 ug./ml,.)
with 2.0 ml. bromthymol blue for different periods, 12 ml,
of the benzene solution of the compound formed were shaken
with 4 ml, sodium hydroxide.

It was found that the reaction proceeded instantaneously,
as the results obtained on shaking for s range of time
2 « 15 minutes were the same, Shaking for 5 minmates was
satisfactory. (Table 16).

- Sy
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(iv) Volume of the Dye Solution.

Different volumes of 1% bromthymol blue, 0,5 ml. 0.7,
1.0 and 2.0 ml., were shaken with 50 ml, volumes of benzene
solution of quinine (1 ug./ml.) for 5 minutes., 10,0 ml,
of N/10 sodium hydroxide were used for colour development
with 30 ml., of the benzene layer because the blue colour
produced with 4 ml, was very strong.

The readings given with the different volumes of brom-
thymol blue were the same. :

As the quinine (alkaloid) bromthymol blue (dye)
compound is soluble to some extent (sparingly soluble)
in water, it was advisable to use the minimum volume of the

dye solution, 0,5 ml, was recommended to be used.
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3¢ Toxicity of Stryechiine.

Strychnine was chosen as an example of alkaloids for
the quantitative study of this method, since it is frequently
met with in toxicological analyses.

Strychnine is a powerful drug that comes from the seeds
of Nux Vomica and Ignatus beans. It is marketed individually
in the form of colourless crystals of the alkaloidal base or
as its hydrochlorie or sulphate, The most important source
of this poison for the public is medieinal preparations,
e+gs Easton syrup (syr. ferri phos. c. quin. et strych,)
contains 1/60 gr. of strychnine in each drach and the tablets
of the szme strength. Its use in rat and vermin killers is
prohibited except for moles and seals,

Posioning with strychnine may be due to accidentsl,
suicidal or homiecidal causes, The intensely bitter taste
of the poison and the rapidity of its action should presumably
prevent its use for homieidal purposes, but in spite of
these characteristics it is used for this purpose from time
to time. It may be administered frequently in the form of
the free alksloid (among professional people handling this
alksloid) or the powdered nux vomica seeds may be used,
Suicides occasionally use these preparations.

Death from accidental causes is perhaps more common and
this may arise from taking an overdose of medieinal preparations
econtaining the drug, or from the poison being administered by
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mistake. A child about 3 years of age found a small bottle

of sugar coated tabloids of'Easton's syrup and swallowed

two of them in the belief that they were sweets. A con-
vulsion occurred in a few minutes and the child died within

an hour. In another case a prescription for powder contain-
ing quinine, phenacetin, and one grain of exalgin was dis-
pensed with strychnine instead of exalgin, owing to the
chemist having his poisons on the same ghelves as the other
drugse. Strychnine is precipitated in alkaline medium and may
settle to the bottom of a bottle of medicine; in this event,
failure to observe this faet or to shake the bottle sometimes
results in an acecidentsl overdoses For example, a woman was
given a prescription for liquor arsenicalis and liquor
stryechninae, half ounce each, in a one ounce bottle, with
directions to take 6 drops as a dose., The medieine was dis-
pensed as written and the patient took the greater part of the
bottle without mishap; a short time afterwards, however, she
wished to take another dose but found the bottle empty. A
sediment at the bottom of the bottle caught her eyes, and she
poured in a little water to dissolve it and drank the resulting
fluid. The classical symptoms of strychnine poisoning appeared
in two hours and twenty minutes. The alkali in the liquor
arsenicalis had precipitated some of the strychnine and this
was all taken in the last dose.



Calibratio -

¢ - Strychnine

ug. of Strychaine Readings
i, 2. 3.

10 155 175 160
15 238 230 230
20 30 315 35
25 360 370 375
30 415 470 480
35 540 550 555
40 620 620 630
45 710 733 730
20 oo 810 815

Alkaloid Strychnine

Instrument: TUnicam Spectrophotometer G.FP. 350.

Solvent Benzene

Wavelength: 610 mu.

Water blank : Nil.

FICURE 3.

Caliberation Curve Of Strychnines
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e Recovery of Strychnine from Agueous Solution.

To justify the accuracy of this method for the estimation -

of alkaloids, the recovery of a known amount of strychnine in
aqueous solution was studied.
Calibration Curve. A stendard curve of gtrychnine was con-
strueted, Slight modifications were introduced to the original
procedure of Brodie et al., 1945.

To 145y 260 seeee 5:0 mle of strychnine sulphate solution
10 ug. strychnine/ml, were added N sodium hydroxide solution,
enough %0 bring the pH of the solution to 8.5 - 8,63 then the :
volume was brought to 10 ml, with RaQHPO4 solution (1,906 gm/ |
ml,) of pH 8,6, followed by the addition of 25 ml., benzene,

.

This was shaken for 10 minutes and centrifuged.

Shake 20 ml. of the benzene layer with 0.5 ml., bromthymol
blue solution for 10 mimmtes and oentrifugea.

Shake 15 ml, of the benzene extract with 4 ml. of 0,1N 8
sodium hydroxide and centrifuge.

Remove as much as possible of the benzene by aspiration,

o

{
then transfer the sodium hydroxide layer by a dropper to a colori-
metric tube. Read at 610 mu., The colour remains stable for at

least 3 hours.
The zero of the instrument was adjusted with a blank.

Recovery Resulis.

A series of estimations was performed on different concen-
trations of strychnine, standard strychnine solution being used.
The results are given in Table 19,

% In this step both the bottles and the centrifuge tubes
must be dry es the complex is soluble to some extent in

water.



TASLE 10,

The Recovery of Strychnine from Aqueous Solution.

pe. Strychnine

wZ. Strychnine Recovered

% of Recovery

TABLE 'Y (Contd.)

added
10 pg. 10 100
10,25 102.5
11,00 110
9.75 T9.5
9.25 92.5
Average Recovery 96.9%
15 peg. 15.00 100
14.5 99.3
14-5 903
13.25 8.3
14.0 93 .3
Average Recovery 96.0%
20 pg. 19.75 98.7
20 ,00 100
20,00 100
19.00 95
20,00 100
Average Recovery 08.7%
25 ug.« 23.00 92
23.% 94
2345 94
25.5 102
24 .0 96
Average Recovery 95.6%
30 ug. 26.5 88.3
30.0 100.,0
30.0 100,0
30.0 100.0
30,8 102.6
Average Recovery 98. 2%
35 u-g- 34.0 97 01
35.0 100
35.5 101 .4
35.75 102.0
Average Recovery 100.1%

pe. Strychnine pge+ Strychnine Recovered % of
added Recovery
40 pg.
35.25 98.1
39 025 98 01
40 OO 100,0
41 .00 102.5
40,50 101.2
Average Recovery 100%
45 ug. 45,00 100
46,25 102,.3
46 .25 102.3
45 .7 i01.5
44.7 99.3
Average Recovery 101.1%
50 uge. 50 .00 100.,0
50 .75 101 .5
50 .T5 101.5
49 .50 98.0

Average Recovery 100.5%

AVERAGE RECOVERY =

98%.
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The estimation of strychnine by the alkaloid-dye method
gave satisfactory results. Application of the method to
biological material is of importance, as the specimens dealt
with in toxieological practice are not simple agueous

solutions,



TABIE 20 »

Application to Noxrmal Urine.

Solvent

Dye

Results

Benzene

Bromphenol blue
Bromeresol purple
NMethyl orange
Bromeresol green

Bromthymol blue

colourless blank with sodi
hydroxide

colourless blank with sodi
hydroxide extract

colourless blank with hydr
chloric scid extract.

colourless blank with sodi
hydroxide extract.

coloured blank with sodium
hydroxide extract.

Ether

Bromeresol purple

Bromphenol blue

golourless blank with sodi
hydrozide extract.

colourlescs blank with sodi
hydroxide extract.

E lene
chloride

Dromoresol purple

Bromeresol green

llethyl orenge

Metanil yellow

s

Coloured blank with sodium
hydroxide extract.

gcoloured blank with sodium
hydroxide extract.

coloured blank with hydroc
ic acid extract.

eoloured blank with hydroe
acid extract,




~In toxicological analyais the samples subjected to the
detection and estimation of fhe suspected alkaloid are mostly
biological material such as vomit, urine, blood or tissues.
To test the effibiency of the method for its application to
biological naterial the recovery of added amounts of strych-
nine to samples 6f urine, blood and tissues was stﬁdied.

(i) geovery of St ¢ from Urine.

Urine blanks were performed with the different dyes and
solvents, ‘

The urine was shaken with benzene after being rendered
alkaline with sodium hydroxide, the benzene extract then
treated with the different dyes in turn, The work was repeated
with ether and ethylene chloride. The results are given in
Table 20,

From Table 20 it should be noticed that with benzene
only bromthymol blue gave coloured blank, This might be due
to the high sensitivity of the dye %o basic substances (other
than alkaloids) present ‘n urine asnd extracted with benzene.,

In the case of ether the blanks were colourless; this
might be attributed to the insolubility of the basic compounds
in ethex.

Ethylene chloride extract of the urine gave highly
coloured blanks with all the dyes, due perhaps to the free

solubility of the interfering substances in ethylene chloride, veing



TABLE 21,

Application to Urine not containing Organic
Barie Drugs.

Technique: Benzene/bromthymol blue/sodium hydroxide.
# Unicam Spectrophotometer G.P, 350 with small tube at 610 mu.

Urine Origin I*lca.tl:l.ingii
1 Disbetic, glycosuria 14%
23
3 76
4 Patients receiving no 28%
. gggigigz 24 hours before -
6 57
4 30
8 Normal individuals 45%
9 50
10 88
11 81
i2 48
i3 62
14 81
15 83
16 90
17 64

13 | 79
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an excellent solvent for organic basic compounds,

Urine blank with bromthymol blue was further studied
in detail, Different samples of urine were tested for their
blanks, As shown in Table 21 all samples gave coloured
blanks and were found to vary from one person to another in
both pathological and normal urines,

Oberst (1943), studying demerol exeretion in man, used
a8 fized value for interfering substances in urine and found
that the average value of 28 persons (24 hours sample) was
equivalent to 2,1 mgm. demerol.s This value was subtracted
from the total amount of demerol found in 24 hours specimen.
~ This is not an accurate method, espeecially when dealing with
minute amounts. He stated that "when a small dwse of demerol
is administered s correspondingly small amount is exereted in
the urine., This amount may increase the colour intensity of
the benzene leyer™, Only a little more of the blank which is
not determined fairly accurately would introduce a large error.
Occagionally, a demerol free urine gives a high value for a
blank, which when subtracted from the corresponding total
value would yield a false result. When large amounts of
demerol are administered the blank becomes comparatively
ingignificant.,"

% the dererol estimated by the yellow colour of the benzene
gsolution of demerol-bromthymol blue compound,



The removal of the interfering substances from urine was
tried in different ways.

() zgggggggg of the urine (prior to alkaline extgactiag)

The interfering substances might be freely soluble in
organic solvents and could be removed by shaking the urine with
one of these solventss As alkaloids are extracted by organie
golvents from alkaline solutions, the treatment of the urine
should be at an aecid medium, The following method was tried:-

Two 7 ml, samples of urine were adjusted to pH 5-with
0«1N hydrochloric aeid, one was shaken for 15 mimutes with
20 ml. benzene, the other with 20 ml. ethylene chloride.

Both were centrifuged and the organic solvents completely
removed, Urine was placed in three clean 60 ml, bottles.

5 ml, of untreated urine was placed in the first, 5 ml. of
the urine sample treated with benzene in the second, and

5 mles of urine previously treated with ethylene chloride

in the third. The three samples were made alkaline with
sodium hydroxide and each extracted with 25 ml, benzene.
The bensene extracts were shaken with bromthymol blue and
15 ml. of the benzene layer were used for colour production
with 4 ml., volumes of sodium hydroxide.

The untreated urine gave a reading of 0.190

Urine treated with benzene " " 0.180

Urine treated with ethylene chlorxride " 0,095
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Shaking the urine with ethylene chloride at an z¢id pH removed
a part of the interfering substances, but the method was still

ungsatisfactory.

Cronheim and Ware (1940) recommended the estimation of
true emidone in urine by the difference between the apparent
amidone cohtent in the untreated urine and the value of the
interfering substances in the sample after the adsorption of
emidone on superfilterol.

Removal of the interfering substaneéa from urine was
tried by treating the urine with some adsorbents. As super-
filterol was not available other adsorbents were used, such
as charcoal, keisulguhr, tale and fuller's earth, Both
whole urine (alkaline medium) and its benzene extract were
treated with the above-mentioned adsorbents. The urine was
made alkaline to phenolphthalein (pH 7 10), 20 ml. volumes
were shaken with about 2 g. of each sdsorbent for 10 minutes.
The mixture wes filtered. 5 nl, of each specimen were shaken
with 25 ml, benzene and the technique for the urine blank
continued as ususls The benzene extract of urine was prepared
by sheking 50 ml, alkaline urine (pH >10) with 250 ml., benzene.
25 ml. volumes of the benzene extract were shaken with differ-
ent adsorbents and filtered. The benzene extracts were then
sheken with bromthymol blue.



TABL. 22

Applicaetion to Urine not containing Orgsenic
Bagic Drugs- The Effect of pH of “xtresction

upon the Scper:tion of lion-specifiec Haterisl,

pH of Extruction Heeding
840 « 005
8.6 ; : .012
9.0 « 006
946 01D
11.0 « 120
ebove 12,0 «2223

fechnique:

folvent : Benzene
Dye : Bromthymol blue

keeding : &t 610 mu weve length,



ZABLE 23.

Experiments to illustrate that Minimal
Amounts of Non-Speecific Substances are
geparated by extraction at pH 8,6 in conirast
to extraction at pH 12,0,

Solvent: DBenzene

Indicator: Bromthymol blue

Values obtained for the Urinary ‘blank’,

A. B,
after extraction at After extraction at
pH 12,0 PH 846
1, 04240 0.012
2. #195 »005
e «270 022
o «060 «000
Se «222 «012
G +102 «010
Instrument:

Unicam Spectrophotometer G,P. 350 - small tubes.
Wavelength: 610 mu.
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1e U:ine made elkaline and treated with the different
adsorbents, gave coloured blanks in all cases, indicating
that no gdsorption of the interfering substances from elkaline
aqueous solutions took place.

2. Treatment of the benzene extraet of the urine with the
different adsorbents removed the interfering substances. :
%« All the adsorbents removed both the interfering substances
and stryohnine from the benzeme extracts of urine to which
strychnine was added. '

This method was inefficient as there was no individual
removal of either the interfering substances or the strych-
nine from the benzene extract of the urine.

In the original method the urine was treated with one ml.
2N sodium hydroxide which brought the pH of the urine over 12,
followed by extracting with benzene. This method resulted in’
highly coloured blanks due to the extraetion of interfering
substances present in the urine and which reacted with brom-
thymol blue. The extraction of these interfering substances
might be affected by the pH of the solution. To justify this
assumption, urine blanks over a range of pH 8 - 12 were

performed.
It was found that there was a relation between the pH of
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of extraction end the colour of the urine blank, Adjusting
the pH of the urine to pH 8 - 9 before extraction with
benzene, the foreign substances present in the urine no
Yengey inteateyed with the sitination of siayehiins 1ob sy
other alkeloid)s Table 23 shows results of normal urine

blanks at pH 846 and pH 12,

Ce Recovery of 8% "

Urine containing 10 ug./ml. was prepared by diluting
1 ml. of strychnine stendard 1 mgm./ml. to 100 ml, with
urine of normal individuals receiving no drugs whatsoever.

Progedure:

Add enough sodium hydroxide 0.1 ¥ %0 5 ml. urine con-
taiping gtrychnine, to bring the pH 4o 8 - 8,5, followed by
the addition of 25 ml. benzene.

Shake for 10 minutes, then centrifuge the benzene layer,

Treat 20 ml, of the bengzene layer with 0.5 ml., bromthymol
blue for 5 minutes and centrifuge.

Shake 15 ml, of the benzene extract with 4 ml, sodium
hydroxide and centrifuge.

Trensfer the sodium hydroxide layer to & colorimetrie
tube, MNeasure the colour intensity at 610 mu.



TABLE _24. i ABLE 2
Recovery of Strychnine Added to Urine. The Recovexry of Strychnine from Stored Urine.
Indicator : Bromthymol blue Wave-length : 610 mu, _ Strychnine was added to urine which was then placed
\ in a refrigerator (3-5°C).
g ' i i s y ﬁg;gﬁﬂ_i;i;sg5°' The stryohn%ni contggt waslgetermined at g,dl dgy
' g and 7 days latexr. e analyses were carried ou
Technigque : Benszene/Bromthymol Blue/Sodium Hydroxide, _ in triplicate.
Nos Strychnine Strychnine % Recoverxy
added recovered
ugs uge ! Time of anslysis Strychnine %
' recovered Recovery
Uge
ls Speoimen 1. 50 44.4 88.8
24 50 5040 100,0 ? ls O days 5lel 102.2
De 50 49.5 99 51 102
50 100
4+ Specimen 2 50 51s1 102,0
5e 50 51 102 | 2, 1 day later 5040 100
6o 50 50,0 100 50 100
5145 103
Te Specimen % 50 5lsl 102,2
Be 50 4540 90 3. 7 days later 4945 99
9e 50 50 100
50 100

Teehnique : Benzene/Bromthymol Blue/Sodium Hydroxide.

Instrument : Unicam Spectrophotometer GoP. 350 -« small tumk
Wave=-length: 610 mu,
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Three urine specimens from different individuals to whiech
Imovn emounts of stryehnine sulphate solution (1 mgn. strychnine/
ml, ) had been sdded, so that 1 ml, urine contained 10 ug,
strychnine, were used for the study of the recovery of added
strychnine from urine,

The recovery of the added strychnine from three specimens
was 96% - 101.3% and 96.1%, which is considered to be satisfact-
ory for toxicological purposes. (Table 24)

The effect of storage on the strychnine content of the ¢
urine was studied by plaeing one of the previous specimens
(specimen 2, the reecovery of which was 101,3%) in the re-
frigerator for 24 hours and for 7 days. The percentage of
recovery in the former case was 101,0%, and in the latter
99,6%. This shows that (Table 25)

(a) the strychnine content was mot changed due to its
stability, and '

(b) the extraction of the urine at pH 8.0 - 8,6 was still
prectically colourless even after standing for seven '
days in the refrigerator. .

e et
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(i1) Estimetion of Strychnine in Plasma.

The alkaloid-dye compound formation method was applied to
plasma to which known amounts of strychnine were added, to
find the extent of strychnine recovery. Benzene was used
as the solvent on the basis of experience with urine (p. 32 )
and beesuse Brodie (1945) used benzene for the extraction of
cinchonidine from biological materiasl on sccount of its low
blank compered to that of ethylene chloride.

A. Plasma Blenk,

The plasma blenk was first studied, both whole plasma and
the protein-free filtrate being tested.

In the former 10 ml, of plasma were made alksline with
sodium hydroxide end then shaken with 25 ml. benzene, 20 ml,
of the benzene layer were treated with 0.5 ml. bromthymol
blue, the mixture was centrifuged and 15 ml. of it were sheken
with 4 ml, sodium hydroxide N/10. Three different samples of
plasma gave blanks corresponding to 1.0 - 2,0 ug. strychnine,

Trichloracetic acid (26%) tungstic zeid (egual volumes
of 104 sodium tungstate and 0.67N sulphuric acid and meta-
phosphoric acid (3.5%) were used for precipitating the plasma
proteins, To 10 ml. plasma diluted with 5 ml. distilled
320, 5 mle 0f the protein precipitant were added., After
standing for 15 minutes the tubes were cent rifuged, and 15 ml.,
of the clear supernstant fluid were made alkaline and extracted
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with 25 ml. benzene, The benzene layer was treated with
bromthymol blue and then shaken with N/10 sodium hydroxide.
The blanks using the three precipitants were of the same value
as that given by the whole plasma (equivalent to 1.0 - 3.0 ug.
strychnine ).

From the above, it was concluded that the whole plasma
and the protein free filtrate gave negligible readings and
could safely be ignored when quantities of alkasloid above
50 uge were in question., TFor smaller amounts a blank value
was regquired, and was incorporated in the procedure. In
actual toxicological analyses the amount of alkslold present
was not likely to be Imown in advance, but only an srbitrery
blank woulé be possible,

Be ecove of 8 e

‘Plasma containing 5 ugs strychnine per ml. was prepared
by diluting 2.5 ml. strychnine standard (0.2 mgm/ml) to 100
ml, with plasma.

Proeedg;e g :
~Shake 10 ml. plasma (made alkeline to pH 8,0 = 9,0) with

25 mle benzene for 10 minutes, Stand till the two layers
separate, decant the benzene lsyer and centrifuge.

~Transfer 20 ml. of the benzene layer to a tube (30 ml,
capacity) containing 0.5 ml. bromthymol blue and shake for
5 minutese. Gehtrifuge.



TABLE 26 .

The Recovery of Sir added to Plasme.
p&. Strychnine ug. Recovered % Recovery
added
Woauss 49.5 pg. 99.0%
49.5 99.0
48.0 _ 96.0
50.0 100.0
50.5 101.0
30 pg. 28,0 pg. 93.3%
29.0 96.6
24.5 81.6
28.0 93.3
15 pg. 12,0 pg. 80 .0%
14,0 93.0
13.5 80 .0
Indicator : Bromthymol blue Wave-length : 610 mu.

Solvent : Benzene Instrument ! Unicam G.P.



~Use 15 ml, of the benzene layer with 4 ml. N/10 sodium
hydroxide for colour produetion.

-Read the colour intensity at 610 mu.

~Perform a blank of plasma (without strychnine) to set
the zero of the instrument.

The method was repeated using 6 and 3 ml, plasma equivalent
to 30 and 15 ug. of strychnine.

Results:-

These recoveries of strychnine from plasma were regarded
as satisfactory. Although the average percentage of the
recovery of 15 ug. was only 87.6% and that of 30 ug. was
9i.2%, yet the recovexry of 50 ug. was 99,0%.
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(111) ESTIMATION OF STRYCENINE IN TISSUES

In toxicological analyses one fregquently gets tissue
specimens (musele, liver and stomach) for the identification
and estimation of the suspeeted poison. Although the well
known Stas-Otto method is a classical method for the
extraction of the suspected alkaloid for gquelitative work,
it is nevertheless unsetisfactory for guantitative estimations
because it is tedious and considerable loss of the alkaloid
is usually involved., Stewart, Chatterji, snd Smith (1937)
uged trichloracetic acid, followed by the adsorption of the
alkaloid on kaeclin from which it was eluted with hot chloro-
form, Daubney and Nickolls (1937-1938) used ammonium sulphate
in the presence of acetic acid for the preeipitation of
proteins and extracting the alkaloid from the protein free
filtrate with chlorofom:E In the present work the alkaloid
was extracted by treating the homogenised tissue with
acidulated water (0.5 N hydrochloric acid) and precipitating
eny dissolved proteins with trichloracetic acid in N, hydro--
chloric acid. The alkaline protein filtrate was sheken with
benzene. The recovery of strychnine from both liver and
muscles was studied to find the extent of recovery of known
smounts of strychnine added to the tissue by epplying this
extraction technigue and the alkaloid dye compound method,

®# Gettler & Sunshine (1951) precipitated the tissue proteins
by passing steam through the homogenized liver ascidified with

tartaric acid.
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Ao LIVER

Liver breli was prepared by cutting 75 gm. of liver to
small pieces, transferred with 75 mls saline to the container
of a high speed macerator. It was macerated for 10 minutes

to a paste so fine that it could be sucked with a pipette.

(e) Liver Blank.

10 ml, of liver brei, 10 ml, distiilad water were heated
in a boiling water bath for 10 minutes. 1 mls 5N hydrochloriec
acid™ was added and the mixture heated again for another 10
minutes and centrifuged. |

Enough™® 20% trichlorscetic acid in ¥ hydrochloric secid
wag added to precipitate any proteing dissolved in the extract.

The clear supernatant fluid a!ter'centrifuging‘waa used
for the blank. It was rendered alkesline and extracted with
benzenes the benzene extract, as usual, was treated with
bromthymol blue and finally shaken with sodium hydroxide.

The liver blank gave a very faint colour with negligible
reading which was equivalent to about 2 ug. strychnine for
each 5 gm, of the liver, '

# To bring the concentration of the acid in the mixture to
0.5 N, ' :

#% In o control experiment the hydrochlorie acid extract was
treated with 20% trichjoracetic acid drop by drop till there
was no epparent precipitations After centrifuging a drop
of the trichloracetic acid was addeds Thig process was re-
peated till there was no turbidity in the supernatant fluid
on the addition of trichloracetic acid.



(b) Recovery of Stryehnine

In two sets of tubes 10 ml, of liver brei and 10 ml,
distilled water werxe ﬁlﬁced. To one set 0.5 ml, of strych-
nine standerd (0.2 mg./ml.) and 0.25 ml, to the other set
were added. To avoid any possibility of the destruction of
strychnine with the liver tissue each tube was placed in the
boiling water bath immediately after the addition of the
gtrychanine solution.

The tubes were placed in the water bath for 10 minutes,
1 mls 5N hydrochloric scid was then added and the tubes
placed in the water bath for another 10 nimmtes,

After cooling, the volume of each was made up to 25 ml.
with distilled water.

20 mi. of the clear supernatant fluid, after centrifuging,
were treated with enough™ trichloracetic acid (20%) in X
hydrochloric aeid (1 ml.) and 4 ml, distilled watex.
Centrifuged.

10 ml, portions (a duplicate for each) were used for the
estimation of the strychnine content. After rendering alkal-
ing, the strychnine was extracted with benzene, the treatment
with bromthymol blue was followed by colour production with
godium hydroxides The colourx intensiﬁy was measured and the
quantity of the recovered strychnine was calculated.

% See foot-note ==, p. 13,



ZABLE 27 .

The Recovery of Sirychnine added to Iiver.

ug. Strychnine added % Recovery
50 Uge« 94&8%
106,8
102,5
100 %I 96Q4
105.2
100,0
91l.2
Indicator : DBromthymol blue Wave-length : 610 mu.
Solvent ¢+ Benzene Instrument : Unicam G.PF.



TABLE 27,

The Recovery of Strychnine Added to

Muscle Tissue.

ug strychnine added % Recovery
100 ug 101,5 %
101.5%
100 %
50 ug 100 7%

)
(LY

102



Results: =

The recovery of strychnine from liver by extracting the
alkaloid with 0.5 N hydrochloric acid and precipitating the
dissolved proteins with T.C.A. 20% in N hydrochloric acid
followed by estimating the strychnine with the alkeloid-dye
method was gquantitative. The average recovery from 5 g.
liver of 50 ug. strychnine was 101,0% and the recovery of
100 ug. was 98.2%, .

B. MUSCLE.

The game technigue used in the case of liver was
followed,

Begults:~

The recovery o0f sitrychnine added to muscle tissue was
quantitative, For 50 ug. strychnine added to 5 gm. of
muscle the aeverage recovery was 101,0% and for 100 ug.
strychnine added to the same amount of musele the recovery
was 101,0%.
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5, Bstimation of Stryehnine in Very Low Concentrations.

In toxicologziecal practice, minute quantities of alkaloids
may sometimes be present in a large volume of urine or plasma,
in which case the direct estimation method is mot accurate
due to the high dilution of the alksloid in the plasma or
urine and the limitetion of the volume used in this method
(10 ml, ).

In this part of the work, concentration methods were
gtudied for application to dilute specimens containing minute
amounts of strychnine followed by estimating the alkaloid in

the councentrate.

(i) Concentration Methods.

The following concentration methods were studied with a
view to selecting the most efficient for the purposes of this
worke

A diluted aqueous solution of strychnine sulphate was
used to test the efficiency of each method and where efficient
was applied to urine, plesms and liver,

A. € ez lethod.

P iple: If an aqueous solution of a salt be gradually
cooled, comparatively pure ice first separates from the
solution till the concentration of the salt reaches the
saturation. At this stage the saturated solution starts to



PABLE 20,

The Recovery of Strychnine Using the
Freezing Method for Concentration

- Initial Strychnine Content - 1200 ug.

Volume of Strychnine Content % of Fractional
fraction Recovery of Total
Strychnine

2, 50 m, 520 ug. 42,1%

&, I 212.5 17.3

3y &5 242.5 19.6

4, 25 91 T.3

2, 90 122.5 9.9

6 25 20 1.6

To. 2B 10 0.8

8. 50 12,5 1.0

8. a5 4.5 0.4

Indicator : Bromthymol blue Wave~length : 610 mu.

Solvent : Benzene Ingtrument : Uniecam G.P. 350,
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freeze, and the so-called eutetic mixture is obtained, On
allowing the solid mixture (pure ice and the eutetic mixture)
to melt, & saturated solution of the salt is obtained first,
followed by comparatively pure water., In this case, when
freezing a solution of strychnine sulphate, and then allow-
ing it to melt, it is supposed that most of the strychnine
sulphate would be contained in the first few mls, of the
golution collected, Preliminary trials were done to find the
minimum volume of solution that would contain practically most
of the alkeloidal salt.

(a) Pro €i=

~Plaece 300 ml. strychnine golution (4 ug/ml) in & centri-
fuge bottle,

~Centrifuge at a low temperature, -2000, until the
solution solidifies.

~irap the bottle with cotton wool®, and allow to melt.

~Collect fractions with the aid of suction.

~Bgtimate the strychnine content of each fraction.

Conelusion: The extent of concentration by this methid is

of no appreciable value as about 96% strychnine was recovered
in the first 175 ml, of the 300 ml. of the solution used.
This ineffioiency was due to mechanieal entangling of the
gtrychnine in the ice separated at the beginning of the

freezing process.

% To minimise the effect of atmospheric temperature which
causes the rapid melting of the layer adjacent to the wall
of the bottle and results in uneven melting,
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Another way of applying this teohniéue wagie
100 mls of the dilute strychnine sulphate solution in a besker
was placed in the ice box of a refrigerator. When there was
partial freezing, the unfrozen solution was thoroughly drained
into another besker and the method was repeated once more. The
ice was allowed to melt and its strychnine content was e stimated.
This step was repeated with the other besker, the strychnine
content in the second solid mass snd the unfrozen solution
was determined,

lts+

The first 21 ml. contained 1% of total strychnine
25 mle 12,5% " "
54 ml, 8605% " "

From this it could be noticed that 86.5% are obtained
in 54 nl, out of 100 ml, of the original volume, in which
case the concentration is only about twice, which is not
satisfactory for the purpose of this work,

ciple: Treating an agueous solution with excess
anhydrous sodium sulphate will lead to the concentration
of the solution due to the loss of some water which takes
part in the formation of decahydrate sodium sulphate.

Procedure: To 100 ml, strychnine solution 4 mg./ml.
add 0.5 sulphuric acid 5N, dissolve anhydrous sodium



TABLE 0.

The Recovery of Strycknine Using the Dehydration

Hsthod‘ of Concentration.

Initial Strychnine Content = 400 ug.

Volume of Strychnine % recovery Extent of
solution recovered Concentration
recovered
& 33 ml, 385 96 .2% 3.0 times
2 30 350 78.5 3.3
3 31 364 91 38
4 40 372 93 279
5 30 330 82.5 3.3
# Anhydrous Sodium Sulphate was used for
dehydration,
Indicator : Bromthymol 5lue Wave-length 610 mu.
Solvent % DBenzene Instrument : Unicam G.P. 350,
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sulphate A.R. by heating at 80°C until a saturated solution
is obtained.

-Stend overnight, filter under suction,

~lleagure the volume of the solution obtained and estimate
its strychnine content,

Conclusion: Although the recovery (82.5 = 96%) was con-
gidered good, yet the degree of concentration is stilllnot
high enough (ebout three times) to be satisfactorys This
method may be applied to the direct estimation method in
plasma to concentrate the plasma protein filtrate and to
conpensate for the dilution due to the precipitetion of
proteins.,

0.  Extraction Nethod.

Principle: Extraction of the alkaloid by shaking its
alksline solution with an 1mﬁiscib1e solvent, collecting
the organie solvent end evaporating it was tested, The
residue was dissolved in benzene and the alkaloid recovered
was estinmated,

Brocedure :-
~To 100 ml, of strychnine solution 1 ug./ml., add 75 gu.

emmonia sulphate™, to sdjust the pH to 8.6™* ,
-Add 50 ml. of the extracting mixture (ether 3 parts,

ethanol 1 part). Shake for 10 minutes.

% To precipitate the protein in case of urine.
#% The pH at which the urine blank was colourless.
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-3tand until the layers separate, collect the ethereal
layer and evaporate it to dryness over a boiling water bath,

~Dissolve the residue in sbout 15 ml, benzene with the
aid of heating, cool and complete the volume to 25 ml, TUse
10 ml, for the estimation,

Resul 3=

Preliminery experiments showed that the recovery of
strychnine was very low (about 30%). This might be due
to the presence of alecohol in the extracting mixture, in
which case part of it passed to the aénequs lgyer, resulting
in binding part of the alkaloid to the agqueous layer.

Another explanation for the low recovery of sirychnine
using this particular solvent was that the alksloid is
sparingly soluble in ether,

Other extreeting mixtures might be used (amyl alecohol 1:
chloroforn %) but it was not récommended beecause ;-

(a) Treinterfering substances in the biological material ere
freely soluble in such solvents, so they will be extracted
together with the alksloid.

(b) The presence of alcohol resulted in low recovery due to
its solution in the aqueous layer. Alcohols were chosen as a
mein constituent of such extracting soivents because they are
excellent solvents for alkeloids and there is no point in using
benzene, chloroform or ethylene chloride alone as large volumes
are required to extract minute quantitiss of the alkeloid
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contained in a large volume of solution.

(e) As will be seen later another aim of these concentration
methods was for application in chromatographic separation of
strychnine and brucine on paper. The case of urine, preliminary
experiments showed that applying this method to urine resulted
in the extraction of the urine pigments, which spread on the
paper chromatogram on development, hindering the revelation

of the alkaloidal spots.

Chromatographic Adsorption Method.

Ag chromatography proved to be a useful method for the
purification and the separation of the alkaloids, it was tried
as a concentration method and it proved to be efficient. The
dilute solution of the alkaloid was to be percolated through
e column packed with a suitable adsorbent and the alkaloid
was rccovered from the column by elution with an alkaline
strong eluent.

An aqueous solution of strychnine sulphate was percolated
through & column of florisil, the strychnine was recovered by
alkaline ethanol ammonia mixture. The eluent was evaporated

and the strychnine extracted with benzene.

Florisil was chosen because

(a) It is grenuler 60/100 mesh, so the ligquids are easily
filtered through it.

(b) It is a strong adsorbent,

(¢) It is elkaline in reaction and this helps in the
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recovery of the adsorbed alkaloid from the column,

The eluant used was ethanol (a good solvent for the
alkaloids ) made alkaline with emmonia, Ammonia was chosen
because it leaves no residue on evaporation, avoiding a
bulky residue using egodium carbonate which might cause some
lose of strychnine on extraeting the residue with bengene,

Erocedure ;- |
- Pack & column with florisil,

~ Wash with 100 ml, smmonia solution 10%.

- Wash with 100 ml, distilled water,

- Pexcolate 100 ml, strychnine solution, _

- Wagh with distilled water, followed by 50 ml. of
the eluent (10% emmonis in ethanol).

- Bvaporate to dryness, dissolve the residue in 25 ml,
benzene, Estimate the strychnine recovered,

Regultg:-
Strychnine used 100 ug.
Strychnine recovered 137 ug, 145 ug., 120 ug,
The recovery of strychnine from the florisil column
was high (120% - 145%). Performing e blank, it was found
that untreated florisil gave a coloured blank,
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Treatment of Florisil to Remove the Interfering Substances.

A blank of the column was performed, using water insgtead
of the strychnine solution; it was found that the blank gave a
high reading, As this method was a promising one, it was
worthwhile to study it in detail,
As It was thought that this coloured blank might be caused
by interfering substences contained in the florisil,

ls The florisil was refluxed for 3 hours, using a
mixture of ethanol 70 parts, acetone 15 parts, amaanié 15 parts.
The florisil was then washed freely with water. :

A blank was performed but still was coloured.

2+ The florisil was treated with concentrated hydrochlorie
acid followed by washing freely with distilled water to differ-
ent pH, pH 645 ~ Ts0, Te6 = 840+ The blank was still coloured
and the adsorption of the strychnine on the column was not

quantitative,

Bs The eluant was then exanined in cgse it was the cause
of the coloured blank,

1, 100 ml, of the eluant (104 ammonia in 90% ethanol),
were evaporated, the residue dissolved in benzene, and shaken
with bromthymol blues A coloured blamk was obtained, This
proved that the eluant was responsible for this coloured
blank of the florisil column,

2. In another experiment 100 ml., of ethanol and 10 ml.
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of strong ammonia were evaporated separately. Each was tested
for the blank and each gave a very faint blank which did not
account for the high reading given on evaporating both together,

It was assumed that on evaporating the eluent an amine
(ethyl amine) was formed which reacte with bromthymol blue,
to which the coloured blank was attributed.

CH OH + M, = OENE, & HP

To justify this assumption 100 ml. of the eluent was
evaporated to dryness, dissolved in 5_m1. hydrochlorie
acid 1 and tested for the amines by diazotization and coupling™.

A positive reaction was obtained‘supporting the assumption
of the emine formation.

3« To prevent amine formation, neutralisation of ammonia
before the evaporation process was suggested.

5N hydrochloric acid - enough to neutralise the ammonia
present in the eluent .- was added. The residue was dissolved
in 10 ml, water, transferred to a glass stoppered bottle,
sodium hydroxide added till alkaline, and then shaken with
benzene, The 51ank was colourless, but when the benzene
extraot_was shaken with bromthymol blue, the latter scquired
a strongly alkaline colour. This may be attributed to the

# The residue was dissolved in 0.5 ml N hydrochlorde acid , 0.5 ml of
+57 aqueous solution of sodium nitrite was added and the mixture was
cooled in ice., Few drops of 2 urea was added to destroy the excess
miyrite present. After standing for two minutes +5 ml of dimetyl-
a-naphthylamine (.4 ¥ im 96 // alcohol) was added. A red violet colour
was developed.



solution of ammonia evolved on the addition of sodium hydroxide
to the solution of the residue. To eliminate this sourece of
doubt, the residue obtained on evaporation of the eluant was
treated with strong alkeli and heated on a boiling water bath,
until no emmonia was evolved. This solution was then shaken
with benzene and tested for the blank,

The blank was colourless.

4« Another alkaline eluant was tried, when the ammonia
was replaced with sodium caerbonate, (ethanol 175 ml., -
distilled water 65 ml., 104 sodium carbonate 10 ml.).

The florisil blank, using this elnant,lwas colourless,

Using this eluant was only satisfactory to determine the
extent of the strychnine recovery from the florisil column
using chromatographic concentration method. For the chroma-
tographiec separation on paper of the alkaloids (strychnine
and bruecine) this eluant was not satisfactory because, on
evaporating the elnent, o residue of sodium carbonate was left
which will interfere with the chromatographic geparation,

(a) TPollowing the concentration of the alkaloidal solution
on florisil volume, the residue was to be disgolved in a

small volume of a suitable solvent (1 ml. ethanol), in which
case the sodium carbonate residue will affeet the volume

of the aleohol recovered for application on the paper strip.
(b) On applying the alecoholic solution of the residue the
spot would be loaded with sodium carbonate, which might affect

the chromatographic separation,
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The sodium carbonate ethanol mixture was found to be
suitable for the purpose as an eluant because i’c'gave a
coloutless f£lorisil blank and was alkeline enough to suit
the favourable conditions of elution.

. The other point to be investigated was the pH at which
the strychnine was quantitatively adsorbed on florisil,
Solutions of strychnine (50 ml. 2 ug./ml.) adjusted to
different pH values were percolated through flopisil columns.
The percolated solutions were made alkaline end extracted with
30 ml, benzene. The benzene extract was treated with brom-
thymol blue and 25 ml. of the benzene layexr were shaken with
2 mle N/10 NeQH. Any blue colour in the aqueous layer
indicated incomplete adsorption.

Preliminary experiments showed that adsorption of strych-
nine from strongly acidie solutions pH 1 -« 2, and alkaline
solution pH 7.0-75 was incomplete. Quantitative adsorption
of stryehnine on florisil was from solutions of weakly acidic
pH 5 - 6 orx élkaline 645 = 7 reaction.
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Concentration of Dilute Solutions of
Strychnine by the Adsorption Technigue.

frocedure:-

l, Pack a column with florisil, wash with 100 ml.
ammonis 104, followed by 200 ml, distilled water.

2+ Percolate the strychnine solution (100 ml. - 1 ug./ml.)
Adjust to pH 5.=6.

3¢ Vash with 50 ml. distilled water; when the water is
only 0.5 ems at the top of the column, add 6 ml., sodium carbon-
ate solution 5¢ to furnish a strong alkaline medium for the
elution of the alkaloid,

4 Elute with 75 ml. of the alkaline éluent (ethanol 75:
distilled water 20 : sodium earbonate solution 5% 5).

5¢ In the flask used for collecting the eluant was placed
2 mls 5N hydrochloric acid to remove the carbonate and render
the medium acid to avoid any possibility of destruction of
strychnine on evaporating the eluant, which might take place
in an alkaline medium.

6, Dissolve the residue in 10 ml. H,0.

7« Bstimate the strychnine recovered in & 5 ml. portion.

Besults:
In three experiments using 100 ml, strychnine solution

containing 1 ug. alkaloid/ml. solution, the recovery was
95,6% = 97.0% and 101.5%, which was considered guantitative.
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‘By this method a high degree of concentration of very
dilute solutions could be achieved, where the quantity of
the alkaloid present was 50-100 ug., irrespective of the
volume, since the sensitivity of the method does not depend
on the volume of the solution used.
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Concentration of Urine by Adsorption Technigue.

The concentration method wes applied to urine to find the
extent of recovery of known amounts of strychnine added to the
urine, Urine containing 0.5 ug./ml. was used.

Procedure:

- Pack 2 column of florisil; plece a cotton wad at the
top of the florisil as a filter to any solid particles present
in the urine, Wash it with 100 ml, 10% ammonia, followed with
200 ml, distilled water.

- Percolate 250 ml. of the urine through the column after
adjusting the pH of the urine to pH 5.0 - 6.0.

- To remove the adsorbed urine pigments, wash the column
with 100 ml., 0,.5% ammonia, 100 ml, distilled water, followed
by 50 ml. of 30% acetone, All the urine pigments were washed
out without disturbing the alkaloid on the column,

- Add 6 ml. of 5% sodium ecsrbonate to the column and
elute with 50 ml. of the eluant,

- Add 2 ml. 5N hydrochloric acid to the collected eluant
to render it acidie, evaporate to dryness over a water bath.

- Dissolve the resgidue in 10 ml, distilled water, wse
4 ml, for the estimation of the strychnine recovered. Adjust
the pH to 8,0 and extract with 25 ml. benzene,

Begults:
A blank was performed and found to be colourless.

In three experiments the recovery of strychnine was 95.0%4 -
90.,0% - 92,0%, with a mean value of 92.3%%.
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Concentration of Plasma on Florisgil.

In the original method of the estimation of strychnine in
plasma 10 ml, plasma were used and the sirychnine was extracted
with 25 ml. benzene. The use of more plasma requires larger
volumes of benzene for extraction, which renders the technigue
tedious and inaccurate, especially when strychnine is found in
a low concentration (1L - 2 ug./ml.).

The concentration of plasma on florisil was suggested. As
the protein content of plasma is high, the plasma was diluted
five times with distilled water. The pH was adjusted to
pH 5 - 6® and percolated through s florisil column., The
column was washed with 100 ml, water. 6 ml, sodium carbonate
- 5% were added to the top of the column and elution with 75 ml,
sodium carbonate-ethanol proceeded,

After evaporation the residue™® was dissolved in 10 ml.
N/10 hydrochloric acid and the etrychnine recovered was
egstimated in 4 nml, portions.

Regults!i-
It was found that the recovery of 100 ug. strychnine in

50 ml. plasma was not quentitative (80#) at an acid pH 5 - 6.
With plesma at pH 8.0 - 9.0, it was found that the recovery
in two experiments was 94.0%, 92.5%.

# the pH found suitable for aqueous solutions and urine,

#% g Tlaculent residue was left after evaporation due to
adsorption of a part of plasms proteins on the column
which was eluted with the alkalgne eluant.
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Concentration of Liver Extract Containing
Strychnine on Florisil,

The adsorption of strychnine from plasma on florigil
was complete from diluted plasma without the precipitation
of the proteins,

In this method the strychnine was extracted from liver
brei with diluted hydrochlorie acid and the strychnine
edsorbed on florisil, Preliminary experiments showed that
stryehnine was quantitativelyn adsorbed on florisil at
pH 7.0 - 8.5,

Techn: ques -

50 gm. liver werxe homogenised with 100 ml. saline to a
fine paste and transferred to a round bottom flask and 1 ml,
strychnine solution (0.1 mgms/ml.) was added., The flask was
placed in a boiling water bath for 5 minutes. 50 ml, of 2§
hydrochloric acid were added and the mixture heated for
another 10 minutes and allowed to cool. It was transferred
to 250 volumetric flask and completed to the mark with
distilled water., PFilter, use suction if necessary.

# The liver extract after percolating through florisil was
collectzd, made alkaline and sheken with 70 ml. benzene, The
benzene layer after centrifuging was treated with 1 ml. brom-
thymol blue solution, 25 ml. of the benzene extract was treated
with 2 ml. sodium hydroxide solution N/10. The agueous layer
was colourless indicating that there was no strychnine present

in the liver extract after percolation through the florisil column,
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e adsorbed strychnine was eluted from the column
with 6 ml, sodium carbonate solution 5%, followed by 75 ml.
ethanol-carbonate mixture®
The eulted solution was made acidic with hydrochlorie
acid and evaporated to dryness on a water bath. The residue
was dissolved in 20 ml, N/10 hydrochlorie acid and the

strychnine recovered wac estimated in 10 ml. portions.

Results:-
The recovery of 100 ug. strychnine present in 50 gm.

liver in triplicate was 92.5%, 94.7% and 96%.

® See page 57
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Ghroggtoggggg;c Separation of Strychnine snd Brueine.
Introduction.

Aes BStrychnine and Brucine are commonly present together in
nature. They occur most abundantly in nux vomica seeds
(strychnos nmux vomica L.) and ignatus beans (S. ignatii
Berge.)s Both drugs contain from 2 to 3 per cent of aikaloids
of which sbout one half is strychnine in the Pformer, and two
thirds in the latter, the rest being mainly brucine. Other
gpecies of strychnos are S. lucida, the seeds onntaining‘.84%
stryehnine and 1,5% brueine; S. lignstina B. contains 0,6%
to 1.5%, nearly all brucine, while S. Tieute Lesch seeds
contain mainly strychnine with traces of bruecine,

Naturally oceurring mixtures of these slkaloids, mainly
tinoture nux vomica are used in medicine, The powdered seeds
of nux vomica and ignetus beans are used for homicidal purposes.
In toxicological analyses these two alkaloids might be found
together,

Although strychnine and brucine behave differently with
qualitative tests, yet they both respond to the alkaloid dye
compound formation method.

El Ridy and Khalifa (1952) overcame the difficulty of
the undesired company of brucine by its removal from solution
through its destruction with potassium persulphate at 60 - 70%¢.
and strychnine then directly estimated by ultraviolet spectro-
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photometry. Biggs (1952) and Demoen & Jenssen (1952)
estimated the presence of both stryehnine end brueine spectro-
photometrically.

In this part of the work, chromatographic separation of
strychnine from brucine was studied to enable the estimation
of each separately, using the alkaloid dye compound method.
Strychnine-~brucine chromatographic separation was studied
in both forms of

(a) the slkaloid dye compounds,

(b) the free alkaloidal basges.

A vast amount of work has been done in the field of
chromatographic separation of alkaloids.

Adsorption chromatography wes the first branch that
received particuler attention. Alumina was the adsorbent
generally used and the solvents were chloroform, benzene,
and ethanol,

Alumine and chloroform were chosen for the separation
of the seneeio alkaloids (Adame & CGovindachari, 1949),
erythrina alkaloids (Folkers & Shavel, 1942) and for the
purification of colchicine (Ashley & Harris, 1944). The
recovery of the alkaloids from the column was by elution with
chloroform-cthanol mixtures, Jacobs and Craig (1941) used
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benzene ingtead of chloroform for the separation of the
alkaloids of sconite on alumina, Stewart and Stolmen (1949)
have separated morphine alksloids on florisil by changing the
pH conditions of elution,

Chromatographic separation of alkaloids by partition
chromatography has also been investigated. Evans and Part-
ridge (1948-1949~1950) used Keisulguhr wetted with 0.2 ml.
phosphate buffer and ether as the eluant for a series of
studies in the chromatographic separation of the solansceous
group, the alkaloids of Datura Stramonium (1948) and Atropa
Belladonna end the Datura Ferox (1949). Chilton and
Partridge (1950) used the same adsorbent-eluant combination
for the separetion of Punica Granatum alksloids. Jensen and
Svendsen'(lgse) separated strychnine and brucine on keisulguhr
wetted with phosphate buffer pH 7.0, chloroform-ethenol mixture
as stationary phase, and the mobile phase was ether saturated
with the buffer,

gilica Gel moistened with N/15 phosphate buffer pH 6.8
was used by Tappi (1950) for the chromatographic separation
of strychnine and genostrychnine, developing the chromatogrem
with chloroform,

- All the sbove methods are useful when appreciable amounts
| of the alkaloids, 25 mgm. upwards, are dealt with,

A comprehensgive investigation of peper chromatography of
alkeloids was puﬁlished by Munier & Macheboeuf in & series of
studies (1949-195L), and reviewed in one article (1952), They
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found a relationshiﬁ between the form of the spot on the paper
chronatogram and the pK solubility of the alkaloid and the pH
of the solvent, They experienced good separation of the
alkaloidsin acid medium. Hydrochloric and scetic acids were
recommended., BF values of different alkaloids using these
acids were given by Munier et als They also got good separ-
ation of slkaloids on paper impregnated with KHQPQ4. Careless
and Woodhead (1951) used buffered filter paper (/15 phosphate
or citrate), using the ascending technique for the development
of the chromatograms, Drey and Foster (1953) used phosphate
buffer pH 7.2 for impregneting the paper in the course of
separating the solansceous alkaloids. Schute (1951) separated
atropine alkaloids in an alkaline medium, using butanol satur-
ated with 5% ammonia.

Butanol is a classical solvent used in paper chrometography.
Butanol saturated with water was used for the development of
impregnated paper while untreated paper was developed with
butanol zecidified with hydrochloric acid or acetic acid.

Iussman et al, (1951) used cyclohexanol: hydrochlorie acid
nixture for the paper chromatography of the cinchona alkaloids.

Paper chromatography is superior to column (adsorption or
partition’ chromatography because:

A)s the alkeloid is very easily located on the peper chromato-

never
gram ond/escapes detection, (if present in a concentration above

20 uge ), because there is no chance for 1t to leave the
chromatogram as it might in the case with columng during
development, especially when such minute smounts (20 ug) ave
used.
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B)e Column chromatography requires large amounts of eluants
for the recovery of the alkaloid from the eolumn, while in
paper chromatography elution of the allkaloidal spot can easily
be accomplished by using 35 ml, H/iﬁ Hydrochloric acid,.
€)e 1% permits the use of minute quantities of alksloids
ranging between 15 = 100 ug. )

Stryechnine and bruecine chromatographic separation was
studied in both forms,; €.8+:

(a) @separation of the alksloid dye compounds,

(b) separation of the free alkaloidal basess

An Attempt of Chromatographic Separation of Strychnine
and Brucine as their Alkaloid Bromthymol Compounds
Experimen

(a) Adsorption Chromatography.

0f the well-lmown adsorbents used in cdsorption chromato-
grephy, florisil, slumina, floridin-¥ were tried., The first
two have alksline reaction that decomposed the complexes when
the solvent contained any trace of water, (The pH at whieh
the complexes are stable is pH 6.5 = 7.0)%. This alkalinity
was removed by treating the adsorbents with concentrated
hydrochloric aeid in the first, and diluted in the latterx,
followed by washing with ample emount of digtilled water
t111 the washings were neutral and then dyying in an air oven
at 110%,

® g&e pH of decomposition of the compounds were found by shaking
en aliquot of benzene solution of the compounds with a few mls.
of phosphate buffer at different pH range 5.5 - 8,6. Centrifuge.
Note the colour of the agueous layers; any blue tint indicated
decom¥031tion of the eo%ﬁound.

_ t was found that the compounds are stable at pH 6.5-7.0.
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A. The adsorbents were tested for suitability in the

following way:

{(a) solutions of strychnine-bromthymol blue compound in the

different solvents (mentioned below), were prepared as follows.
A solution of the compound 50 ug./hi. in benzene was

prepared. In each of o series of beakers place 2 ml, of the

solution, evaporated to dryness. The residue was dissolved

in 50 nl, of each of the following.

scetone, acetone 3 ¢ benzene 1, benzene

benzene 3 : ethylene chloride 1, ethylene chloride,

ethylene chloride 3 : butanol 1, butenol,

ethylene chloride 3 3 ethanol 1, ethanol,

ethanol 3 : water 1.

(b) The columns were packed by the wet method, using the

different solvents.

{e¢) The effluent solvent in each case was sheken with 10 ml,
0,1 N, sodium hydroxide. Any blue coloration in the agueous
layer indicated incomplete adsorption and the adsorbent or
solvent to be excluded.

Adsorption from benzene and ethylene chloride and their
nizture was cuentitative with all the adsorbents used. From
the other solvents no adsorption of the compounds took place.

Be ¢ development of the chromatograms.

From the previous observations secetone was suggested as



~67=

a developing sgent, Florisil was chosen as & good representative
of the gbove mentioned adsorbents, and benzene was chosen as a
solvent. A group of three columns were prepared om which
strychnine /bromthymol blue compound, brucine compound and o
mixture of both, were adsorbved.

Using up to 50% secetone in benzene no movement of the
bands was noticed, but on using 604 acetone in benzene the
‘bande moved with the same rate without any separation in the
column conteining the mixture of strychnine and brucine compounds.

Other developing mixtures were tried with no success,
These were:

Butanol - Benzene, Butanol,

BEthanol - Benzene, Ethanol.

Celite, as will be peen later, was found to adsorb the addition
compounds quentitatively from benzene, and as celite is a weak
adsorbent it was worthwhile to repeat the worlk done on florisil,
hoping to get separation,

Using 24 acetone in benzene the bands moved at the same
rate without any separation,

c. Conelusion.

There was no separation of the alkaloid dye addition cone
pound of strychnine and brucine, using the adsorption
chromatogrephy. This, most probably, is due to the diffieculty
already experienced in eepareting strychnine and brucine by

adsorption chromatography because of thelir close resemblance
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in molecular structure, and which is rendered more difficult
on adding o bromothymol blue molecule to each, thus making the
molecular structure similarity critical,

The geparation of the alkaloids as their dye compounds
mey be poseible with elialoids of different groups and not
so closely related as stirychunine and brueine,
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The Partition Coefficient of Strychnine Complex. The Partition Coefficient of Brueine Complex
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(i1) PARTITION TO .

Ae Column Partition Chromatogrephy.
is edsorption chromatography failed to give any separation
we had to txy partition chromatography, hoping to get satis-

factory separation,

A good starting point which is of value in partition
chromatography is the partition coefficients of the substances
between the solvents intended to be used; the mobile phase,
benzene, the stationary phese, ethanol-water mixture, was

suggested.,

(a)

and brueine compounds with bromthymol tlue between benzene

end ethanol of diffexrent concentrations.

- Sheke equal volumes of benzene and ethanol of different
concentrations (from 5% - absolute) in a separating funnél.
Leave to separate. This is to attain equilibrium between the
two solvents. -

- In two sets of tubes (A end B) plece 9 ml, of the
benzene and 10 ml, of the aleohol,

- To each tube of group A add 1 ml, of strydmine bromthymol
blue compound in benzene (of lmown concentration); +to the tubes
of group B add 1 ml, of brucine bromthymol blue complex.

- Shake the tubes for 10 minutes. Centrifuge.

- Botimate the concentration of each alkeloid in the bengene.
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Resultg:~

1, Ethenol concentrations higher than 704 were found to be
completely miscible with benzene.

2 40% ethanol was a suitable concentration with partition
coefficients favourable for partition chromatography.

Packing the Columns.

Celite™ was used as the supporting substence, 40% ethanol
as the stationary phase and benzene as the mobile phase. A
certain weight of celite was nixed thoroughly with 404 ethanol
0.85 ml./gm. celite, and enough benzene to form a slurry was
added. The column was packed with the aid of s Martin Packer.
The efficiency of the column was tested with Sudan III.

0.2 nl, benzene solution of the glkaloid-dye compound
(1 mgm./ml,) was added to the column from a micro pipette and
the column was developed with 100 ml, benzene previously
equilibrated with 40% ethanol,

Bs  EBecovezy.

The recovery of strychnine-bromthymol and bruecine-brom-
thymol blue compounds from the celite column was investigated.
In preliminary experiments the recovery of bruecine compound
was found to be 40.5% and in the case of strychnine compound

to remove the alkaline impurities) for 24 hours, then washed
with distilled water till the s were neutral, dried

# Celite was firset treated with concintrated hydrochloric acid
in an air oven at 110°C. mnd kept in o dessicator.
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the recovery was 42,5%. This poor recovery was due to partial
adsorption of the compound on celite., In the latter column
(strychnine bromthymol blue the recovery of which was 42.5%)

042 mle of benzene solution of brucine compound was added to

the top of the column, followed by development of the chromato-
grem with benzene saturated with 40% ethenol; +the recovery

was 82,0%. This comperatively high reeovery of brucine compound
might be mainly due to the previous saturation of celite with
the strychnine eompound;

Loading the celite with sn alkaloid dye compound (guinine-
methyl orange) before packing the column might result in good
recovery. UHethyl orange was chosen because its alkalin§ colour,
(sodium hydroxide is used for the colour production in the '
original method for breaking down the strychnine and hru¢ine
bromthymol blie compounds) yellow, which would have little
interference with the blue colour of bromthymol should the
guinine-methyl orange compound escape from the column during
the development of the chrometogram. Celite after being treated
with the proper amount of 404 ethanol was covered with a solution
of quinine-methyl orange in benzene., The excess of benzene was
then filtered, the celite was washed with benzene, and packed
as usual, The column was washed with 50 ml. benzene (saturated
with 40% ethanol) snd the washings tested for gquinine-methyl
orange by shaking with §/10 hydrochloric acids No red colour
was produced, indicating that the compound was not eluted.
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0+2 ml, of strychnine bromthymol blue was added to the top of
the'column, followed by development of chromatogram. The
recovery was still poor and was about 35%.

Anothexy supporting substance, starch, was tested for its
adsorptive power of the compounds; it was found that starch .
adsorbed the compounds from benzene, so it was not suitable
for partition chromatography of the alkaloid-dye compoundss
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(1) Qualitative Paper Chromatography.

The conditions of paper chromatography of slkaloids were
studied to achieve the suiteble separation of strychnine and

brucine,

Ae Teehnigue.

0f the many techniques devised for paper chromatography
the following were chosen:
(a) Descending chromatography, Consdon, Gordon & Mertin, 1944,
(b) Horizontel chromatography, Heredith and Sammons, 1952.
(e) Ascending chromatography, Willisms and Kirhj; 1948,
(@) Bridge method. Kawerau, 1951,

Preliminary work using the above mentioned teclmiques,
for the separation of gtrychnine and brucine on paper with
butanol 100, hydrochloric acid 15, as a developing solvent,
showed that:-
L. The rate of flow of the solvent was the fastest in the
descending technique because the liquid travelled downwards with
the gravity, the slowest rate of flow was that of the aseending
method as it was against grevity. With the horizontal technique
the rate of flow is in beiween the ascending and descending
techniques,
24 The spots were compact and well defined with the ascending
technique, while the descending and horizontal technigues gave
diffused spotss The Bridge method gave spots as good as those
obtained with the ascending technigue.
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The ascending technigue was the one used in this study
because it had adventages over the others, such as consistency
of results, simplicity of apparatus and the ease with which a
large anumber of analyses could be done st one time, MNoreover
the spots obtained with this technique were compact with well
defined margin, The bridge unit was also satisfactory, but the
only disadvantege of it was that only one strip 2 em. could be

run at one tinme,

Be Paper and Solvenis.

The paper used was Whatmann No., 1 and No. 43 the latter
was more suitable for the ascending method due to the quicker
flow of the solvent eslong the strip.

Munier experienced good separstion of alkaloids on paper
in acid medium, 3Butanol acidified with hydrochloric acid or
acetic acid was used for the development of the ahromatbgrams.

Butanol 15, hydrochloric aecid and Butanol 14, acetie
acid mixtures saturated with water were used for preliminary
study of the separation of strychnine and brueine on paper.
Saturation of the solvent with water was done either by adding
the distilled water to the acidified butanol drop by drop with
constant shalking till permanent turbidity was obtained, or by
ghaking the butanol mixture with an equal volume of distilled
waters, In both cases the mixtures were allowed to stand over-
night for complete separation of the layers, as the butanol
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layer must be completely free from eny water droplets, the
presence of which upsets the equilibrium on the paper during

the development of the chrometogrem. With both solvents good
separation of strychnine and brueine was obtained, the only
drewback was that the spots were close to each other = 0.5 - 0.7

cme between the two spots.

= 0.86 =0.20

Butenol : HC1 Bp strychmine BF bracine
- =O.6 — '

Butanol : Acetic Acid R? stryéhnine RF hrugigg

Isobutanol was used instead of butanol with practieally the
same results being obtained,

The seidic medium required for the separation of alkaloids
gnd paper wag achieved by impregnating the paper strips with
organic aeids and scidic inorgenic salt, the development of
the chromatograms with butanol saturated with water.
Saturations of M/4 strength ofltar*ario ascid, oxalic acid,
¢itric and boric acid - potassium and sodium dihy&IOgen
phosphate were used for the impregnation of the paper.

A1l the organic secids wsed, except boric acid gave
ungatisfactory separations and due to tailing and diffusion
of the spots. With boriec acid the separetion was fairly good
except that the spots were slightly diffused. Replacing neutral
butanol with butanol 100 : water 100 : Hydrochloriec aeid 100,
good seperation was obtained.

The best separation was given with paper impregnated with
both ﬁotasaium dihydrogen phosphate and sodium dihydrogen
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phosphate,
=0.515
BF gstrychnine By strychnine=0-43%
/4 KH PO, NaHyP0 ,
Bp vrucine By prusine=C" 260
Ce Spxr c ntse.

In revealing the positions of the spots due to alkaloids
on the paper chromatograms after development and drying,
several agents were used.

1, The most important is a group of reagents containing
mainly iodine.

(i) Iodine vapour: Exposing the sheet of paper to iodine
vapours the alkaloidal spots turn brown, and on removing the
paper from the atmosphere of the iodine, the alkaloidal spots
vanish again. This method is tedious and is now replaced by
other agents containing iodine either in the simple or complex
forms. '

(ii) Iodine solution in potassium iodine: Different
concentrations of iodine in K1 solution were used by a number
of investigators. Munier (1949) used .06% I in ,6# KI solution
and found it useful for the detection of most of the alkaloids,
especially mescaline, hordennine and ephiderine (spots containing
less then 10 ug.)s Detecting the atropine alkaloids on paper



chromatograms Brindle et al. (1951) used a higher concentration
of iodine (.5%)s It detected solanaceous alkaloids in concen-
trations greater than 20 ugs One of the merits of this resgent
was that it gave colours with the various alksloids, the hyoscine
was coloured brown, while the atropine was blue grey.

Gore and Adshead (1952) used & concentration of iodine
(¢2% w/v) and was found to be just sufficiently strong to give
a good reaction with the alkaloids without produecing a more than
faint transient staining of the rest of the paper. They stated
that the character and the application of the spray is eritical
and recommended the use of an atomising device which could be
operated by a sustained force of compressed air., They also found
that relative rates at vwhich the stains from the various
alkaloids faded could be reproduced. The gtains from the solan-
aceous alkaloids fade rspidly, particularly the hyoseine stain,
whilst the quinine, stxrychnine and brucine stains are very
persistent,
Do Pot. iodoplatinate: +his reagent was recommended by
Buniex (1949) for revealing spots due to yohimbine, epidenine,
hydrastine, trigonelline, hordenine and nicotinamide in guentities
from 10 to 20 ug., It was also used by Zaffaroni (1949) and
Burton and Kentman for spraying chromatograms of ecinchona
alkaloids to show the spots due to cinchonine and cinchonidine
(whieh are not fluorescent). |
4e Modified Braggendorff yeagents: +his ie the most sensitive
member of this group, two solutions were prepared, Solution A
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contained .85 gram of bismuth subnitrate, 40 ml, distilled water
end 10 ml, glacial acetic acid. Solution B contained 8 gram
pot. iodide and 20 ml, distilled water. To prepare the spraying
reagent, 5 ml, of A and 5 ml, of B are mixed with 20 ml, acetic
acid and a 100 ml, water, The alkaloids form red spots on a
pale orange background,

5e Modified Nesgler Reagent: gave satisfactory results and
as high sensitivity as that of Draggendorff reagent.

Solution A: in a heavy welled flask are mixed S ml, cf
distilled water, 7.5 gm. pot iodide and 5.5 gm. iodine. To this
golution add 7.5 gm. of merecury, drop by drop, with shaking over
a period of 15 minutes, It is well sheken till the red colour
of the solution begins to fade. Cool under running water with
shaking until the colour changes green. The supernstant liguid
is decanted and the rempining mercury is washed several times
with distilled water, the washings being added to the supernatant
liquid. Mske up the volume to 100 ml.

Solution B: 25% KI solution. The spraying solution was pre-
pared by mixing 15 ml., of solution A to 10 ml, solution B and

20 ml, acetic acid, making up the volume to 100 ml. Spots due

to 5 ug. of stryechnine, brucine, morphine, heroin, coecaine,
atropine and hyoscine gave orange red spois onia pale yellow

background.

Ge Phosphomolybdic acid Reagent: TFPhogphomolybdic acid 2.5 gm;
acetic acid 3 drops
Disgt. watexr to 100 ml.

The paper was dipped in the solution for one minute followed by
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thorough washing with distilled water and then dipped in a
solution of stannous chloride 1 in 10% acetic acid. The
alkaloidal spots appeared blue, This resgent was tried for
use in the cace of the rough determination of ratio between
strychnine and bruecine in mixture. (see page 80 ).

(b) 1% pot. permanganate in N B850, was of value as a
spraying reagent in the case of strychnine, brueine, morphine,
heroin, cocaine, procaine, atropine and hyoscine., The alkaloids
appeared as pale yellow spots on a pink background.
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(ii1) Quantitative Papexr Chromatography.

After obtaining a satisfactory separation of bruecine and
strychnine on paper strips, using Be 15, we had to find a tech-
nique for the estimation of the separated alkaloids,

The methods usually applied for quantitative purposes in
the field of paper chromatography are:

1. ggggggggggj of spot area. fhia is an inseccurate method
for there are some sources of érror,mainly the determination of
the periphery of the spots. Standard spots of the came diameter
gave spots (after development of the chromstogrem) not of the

Same aref.

2, Estimation by measurement of colour dengity. This method
was tried for the determ&nation of the ratio between the strych-

nine and bruecine in the mixture., The colour intensity of the
spots was measured by scanning. This e thod gave only a vexy
rough estimate of the proportional amount of the two alkaloids.

e i ochemical esti
method the chromatographed alkaloids are eluted from the paper
and determined by bromthymol blue.

(a) Known quentities of stryechnine were gpplied to the
paper strips, the spots were rendered visible by spraying the
gtrips with the spraying reagent and left to dry. The areas
containing the spots (2 x 2 em.) were cut out separately, each
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pleced in a tube containing 2 ml, N. sodium hydroxide (sodium
hydroxide breeks down the alkaloid-iodine complexz, setting the
alkaloid free). Add 10 ml, benzene, shake for 10 minutes,
centrifuge, Decant the benzene lagyer into another c¢lean tube
containing 0.5 ml, of bromthymol blue, shake for 5 minutes,
centrifuge. Use 6 ml. of the bengzene layer for colour
production.

Applying 50 uge strychnine to paper strips the recovery in
a number of experiments was 27.5 uge, 30 ug., 40 ug., 40 ug.,
%%¢5 ULy and 42.5 ugs The recovery of strychnine was incom-
plete, which might be due %o partial adsorption of the slkeloid
on the paper.

(b) To minimise the adsorpiion of the alkaloid on the
paper the addition of a strong eluant to benzene was tried.
Ethyl acetate was recommended tut unfortunately it gave a very
high blank velue with bromthymol blue.

(¢) Another attempt was made using ethylenc chloride
instead of benzene and metanil yellow as the dye.

The recovery was still not quantitative although the
readings are reproducible, Addition of ethyl acetate did
not improve the recoverye.

In such cases it is recommended to construet a special
curve for the recovery of the alkaloid from paper by using
peper strips loaded with kmown amounts of the alkaloid.
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The Recovery of Strychnine and Bruecine after
Separation by Paper Chromatography.

Sﬁrydhnine Brucine

pg. added . TECOVEry pg. added KE. Tecovery

(i) Applied SEPARATELY

30 pg. 29 ug. 30 pg. 30 ug.
27.5 30

40 ug. 40 50 pg. 49.5
39.5 - 49.5

(11) Applied in MIXTURE

30 pg. 29 pg. 30 pg. 29 pg.
25 30
31 31.5
40 pg. 40 40 pg. 37.5
41.5 37.5

40 .5 39




The Recovery of Strychnine and Brucine

from paper.

St nine Brucine
Standard Recovered Standard Recovered
Readings Readings

0.680 0.680 0.580 0.570
0.700 0.680 0. 580 0.570
0,700 0.650 04590 0.585
0.690 0,585
0.690 0.590

Ug. of Strychnine : 50 ug.
ug. of Brucine : 50 ug,

Eluent H
Solvent
Dye :
Instrument:
Wavelength:

/10 Hydrochloric acid

Benzene

Bromthymol Blue

Unicam Spectrophotometer G.P, 3%50.
610 mu.
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B, Another method of elution was tried which proved to be
satisfactory and reliable,

0,050 ml, portions of strychnine in benzene (1 mgm./ml.)
aceurately measured from a miecropipette, were applied on paper
strips. They were sprayed and lefV to dry. The areas of paper
strips containing the spots were placed in tubes each containing
4 ml. N hydrochloric acid end heated in a boiling water bath
for 10 minutes, G&tand for 6 hours. Squeeze any fluid off the
piece of paper, wash with distilled water and squeeze sgain,
Add enough 5N sodium hydroxide to make the reaction strongly
alkaline, and follow with 10 ml, benzene, shake and ecentrifuge.

The standards were prepared as followg:- Exactly 0,05 ml.
of the strychnine solution in benzene was placed in tubes
containing 4 ml, hydrochloric acid. Heated in = water bath
to evaporate the benzene., To have uniform conditions pieces
of paper 2 x 2 em., were dropped in each tube. Proceed as
given sbove,

Besults:-

The recovery of gtrychnine and brucine by this method is
quantitative and relisble and this is the method to be chosen
as the most suitable for our purpose.

Recovery:~

The recovery of strychnine and brucine from paper in the
above steps performed after applying the benzene solution of
the alkaloid on paper and then estimating the glkaloid without
any development.

In this step known amounts of strychnine and bruecine
geparately and in mixture were applied to paper strips and



-8B

developed with butanol 85 parts, hydrochlorie aecid 15 parts,
saturated with watexr,
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PART IV :

THE TECHNIQUE FINALLY EVOLVED FOR THE ESTIMATION

OF STRYCHNINE AND BRUCINE IN MIXTURE,
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The Te ue Finally Evolved for the Estimation 5

of Mixtures of Strychnine and Brucine found
Vexy Low Concentrations.

In the previous part the determination of strychnine
was applicable only when the alkaloid (strychnine) was
present alone, In this part, the method was extended to the
estimation of mixtures of closely related alkaloids found in
vexry low concentration. Strychnine and brucine were used in
this method because they are closely related to each other.
The method comprised the following three steps:-

A, The concentration of the alkaloids on florisil, This step

was modified to meet the new conditions of this technique.
B. The chromatographic separation of the alkaloids on paper.
C. Quantitative estimation of the separated alkaloids,

Estimetion of Strychnine and Brucine in Nixtures
Agueous Solution.

The chromatographic concentration of the dilute solutions
of the mixture was the same as that used for the estimation of
strychnine (Part II, Chapter 6 , pages7 ). For this particular
technigue the ethanol-sodium carbonate mixture used for elution
of strychnine from the florisil column was unsuitable because
on evaporation & bulky residue of sodium carbonate was left
which would interfere with the next gtep., After the evaporstion
of the eluent the residue was to be dissolved in 1 ml, ethanol

96% in which case the sodium carbonate residue would affect

the volume of the aleohol recovered for application to the paper,
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In this respeet the ammoniacal ethanol eluent was superior to
the godium carbonate one, as the former left hardly any residue
on e vaporation, The only disadvantege of the smmoniacal ethanol
was the formation of ethylamine (page 54 ), which would not inter-
fere in this technique as it has a different BF value from that
of strychnine and brucine,

B‘F ethylamine = about .43

Ep strychnine

Solvent: butanol 86
«69 acetic acid I4

Paper i whatman No 4

RP bruecine = «52

Proceduxe -

A+. The Concentration of the dilute solution:-

1s Pack a column with florisil (about 10 cm. long), wash with

100 ml. concentreted ammonia followed by 200 ml. distilled water,
Percolate 200 ml, strychnine~brucine solution (eontaining 100
micrograns of each and wash the column with 100 ml, distilled waten
2+ Wihen the water is only 0.5 cm., from the top of the column

add 5 mls of concentrated ammonia to furnish a strong slkaline
medium for the elution of the adsorbed alkaloids. ZElute with

75 mls of the alkaline eluent (ethanol 80 parts: smmonisz 15:

water 5). Evaporate the eluent on a boiling water bath to dryness.
3. Dissolve the residue in 1 ml, 96% ethanol.

Be The Chromatographic Separation of the Concentrated Alkaloids.
4. Paper strips 8 ems x 60 cm. impregnated with M/4 sodium

dihydrogen phosphate were used., 0.4 mles of the elecoholic solution
of the residue was spplied along a line 4 cm, from one edge of the
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paper strip, The aleohol was allowed to dry bvefore each
addition, drying of the aleohol was helped by holding the

strip over a hot plates, Duplicate strips were prepared.

5. Expose the paper strips to steam for 5 minutes and hang
them in the chromatographic tank (containing the solvent) for
2-6 hours to attain equilibrium of water vapour and butanol

vapours between the paper and the atmosphere of the tank,

6s Dip the strips in the solvent (butanol saturated with

water)., Allow the liquid front to travel along the gheet of the

paper to a distance of 35«40 emj; +this took place in about 24 hourss
T Remove the paper strips and allow to dry at room tempera-
ture, When dry, spray with modified Dragenddoxff reagent to
reveal the alkaloid spots. :

Ce Bstimation of the Chromatographed Alkaloids

8¢ The elution of the alkasloids from paper is done as follows:-
Cut the areas oontaining the glkaloidal spots off the paper

strips and place them in separate tubes, each containing 3 ml.

N, hydrochloric acid, Heat the tubes in a boiling water bath

for 10 minutes and leave for two hours, at room temperature,

Squeeze the pieces of paper with a glass rod and wash with 1 ml,

distilled water; repeat this step three times and discard the

paper.s Add 5 N sodium hydroxide till the reaction is alkaline to

litmus,

9. The extracted alkaloids are then estimated by sheking the

alkaline solution with 25 ml. benzene, Treat 20 ml., of the benzene



~87=

layer with 0.5 ml. bromthymol blue solution, shake for 5

minutes and centrifuge. Use 15 mles of the benzene layer with

4 ml, of sodium hydroxide for eolour'production, centrifuge.
Remove as much benzene as possible and transfer the sodium hydroz-
ide layer to a colorimetric tube, Read the colour intensity at
610 mus The amount of the recovered alkaloid is then caleulated.

Resultg:-
Reecovery of Strychnine.
uges recovered mean value Total
on peper recovered on recovery Recovery
paper
Lle 28
365 37+ 25 92,1 g2.13
2 26
37 3645 9leT . 91,75
De 37
3445 5575 89.4 89.4
Recovexry of Brucine
ls | 30 :
35 3265 - 81,25 81,25
2.’ 40.0

3. 37.5 37'3 93'75 93075
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Egtimption of Stryehnine and Brueine in NMixtures
found in Biological lNMatexial,

The method of estimeting brucine and strychnine present
together in the same solution gave satisfactory results,
Application of the method to biological material is of import-
ance as the specimens dealt with in toxicologiesl practice
are of this type and are not simple agueous solutions.

Sometimes in toxicological practice, where naturally
ocecurring mixtures of alkaloids are used, and in pharmaceutical
preparations, more than one alkaloid is bound to be found in
the same specimen, The alkeloid-dye compound methed is not
specific and all basie organic poisons (alkaloids and synthetic
basic drugs) respond to different extents to this method., 3By
the direct method it is impossible to estimétemﬁore than one
glksloid in the sample, but by this technique it is quite poss-
ible to egtimate a mixture of closely related alkaloids found
in one sample.

The biological materials tried in this part are urine,

plasma and liver,
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Betinmation of a Mixture of Stryechnine and Brucine
in Urine,

The technique for urine needed no special modification of
that previously used for the estimation of strychnine sbove,
in low concentrations found in urine (pe 59 )

Urine pH 6.0 containing strychnine and brueine (250 ml,
urine contained 100 ug. of each) were percolated through a
florisil column., The interfering colouring subatanéea were
remdvad by 1% ammonia and 40% ascetome. The adsorbed alkaloids
were recovered by elution with 75 ml, ammoniacel ethanol, After
evaporation, the residue was dissolved in 1 ml, ethanol and 0.4
ml, portions were applied to paper strip and developed. The
chromatographed alkaloids were elutéd and estimated as given
in the general technigue (p. 86 ).

Regults:=
Stzychnine.
uge. recovered mean vealue Total %
on paper recovered recovexry recovery
on paper
1. 42
40 41 107.5 102.5
2, 3747
395 3846 96.5 9645
Bruegine
le 391
37«6 384 95.8 95.8
20 5840 9313 93413 9313

3645
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The récovery of strychnine and brueine found together
in urine was good, for the former 96,5 - 102,5% and for
the latter 95,8 = 93,13%, using 100 ug., of each, Greater
volumes of urine could be used easily as the concentration
method on florisil is not affected by the volume of urine

percolated through it.



T P

Estimation of a Mixture of Strychnine and Brucine
in Plagma.

In the method used for the estimation of strychnine in
plasma, the concentration was obtained by percolating plasma
diluted four times with distilled water through a filorisil
column. A portion of the plasma proteins was found to be
adsorbed on the florisil and this was washed out with the
alkaloid on elution leaving a flocculent recidue after the
evaporation of the eluants, As this residue interfered with
the method, conecentration of the protein free filtrate was
suggested to be used instead of the whole plasma.

The blanks of both the proteinpecipitants and the protein
free filtrate together with the recovery of strychnine from the
filtrate were studied.

A, Blanks of plasms protein free filtrate.
The plasma protein precipitant gave colourless blanks,

The plasma protein filtrate gave a feintly coloured blank
which was equivelent to 1-3 ug,/10 ml, plasma, with trichlor-
ascetic scid and tungstic acid (pe 39 ).

Bs The Recovery of Strychnine from Piassme Protein Filtrate.
The proteins of plasma to which knowm amounts of strych-

nine had been added were precipitated and the strychnine was
estimated in the protein free filtrate. 5 ml, plasma (10 ug.

stryehnine/ml, plesma) were treated with 5 ml, 104 sodium
tungstate and 5 ml, 2/3 N. sulphuric ascid. TFor trichloracetic
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5 ml, volumes of plasma were diluted with equal volumes of
distilled water, to each 5 ml, 20% trichloracetic acid were
added.

After stending for an hour the tubes were centrifuged. 10
ml, of the water clear supernatant liquid, mede alkeline with
sodium hydroxide, were shaken for 15 minutes with 25 ml, benzene,
The benzene layer was treated with 0,5 ml,0f bromthymol blue.
The colour was produced by shaking 15 ml. of the benzene layer
with 4 mls sodium hydroxide and the colour intenaity read at

610 mu. The emount of strychnine recovered was ealculated.

ugs strychnine added ‘ Recovery
to 5 ml, plasma Tungetic acid Trichloracetic acid
50 uge. Te5 375
10.5 4042

50.8

The recovery of strychnine from the gungstic acid filtrate
was verﬁ low; only 75 - 20 ug. were recovered from 50 ug. of
strychnine added to 5 ml. plasma., This lowrecovery might be
attributed to the adsorption of the alkaloid on the precipitated
protein. It was found that tungstic acid causes slight variation
in the pH of the filtreote which was not strongly seidiec enough
to hold the strychnine in the agueous solution., Another
explanation:ﬁr the low recovery was the possibility of partial
precipitation of strychnine by tungstic acids, With trichloracetic
acid the recovery of 50 ug. strychnine in 5 ml. plasma was %0-40 ug

which was not satisfactory. The use of stronger acidie precipitant
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Technique for the estimation of a2 mi e of Strvechnine
and Brueine in Plasma.

As Concentration of the alkaloids,

1, Place 75 ml. of plasma (containing 100 ug. each of
strychnine and brucine) and 45 ml, 26% trichloracetic aeid
in N hydrochloric acid in a 500 ml, volumetric flask, Add
distilled water to the mark, Stand for an hour, shaking at
intervals, and filter., Treat 400 ml. of the filtrate with
40% sodium hydroxide solution till the pH of the solution is
56 o

2. Percolate through a florisil column and wash with
100 ml, distilled water. Add 5 ml. strong asnmonia followed
by 75 ml, of the ammoniaeczal ethanol eluent.

%3« Evaporate to dryness on a boilihg water bath, and

dissolve the residue in 1 ml, ethanol.
Be Chromatographic Separation.

C. ZEstimation of the separated alkaloids.

Results:~

ug. strychnine mean value % recovery
recovered

37.6
3545 36455 91.4

5840
392 3846 9645

uge. brucine mean value % reeovery
recovered

5840
3645 3725 93.1



26% trichloracetic aecid in N hydrochloric aeid gave results
of 95-100% for 50 ug. strychnine present in 5 ml. plasma.
Trichloracetic aeid 26% in N hydrochloric aecid was
used for the preparation of plasma protein filtrate used for
the estimation of strychnine in plasma present in low concen-

trations,
Ce Concentration of plasma protein filtrate on florisil.

It was found (page 56 ) that complete adsorption of strych-
nine from aqueous solution on florisil was at pH 5-6, the pH
of the trichlorscetic acid filtrated was adjusted to pH 6.0
before percolation through florisil.

50 ml. plasme (2 uge. strychnine/ml,) were treated with
30 ml., T.C.A. 2eid 26% in N hydrochlorie acid., The volume was
made up to 250 ml, in a volumetric flask., After standing for
an hour the plasma waes filtered., 200 ml. of the clear filtrate
were adjusted to pH 6.0 and percolated through a florisil
colunmn treated with ammonia and washed with distilled water,
The percolation of the trichloracetic acid filtrated was
followed by 100 ml. water and the adsorbed alkaloid was recover-
ed with 6 ml, sodium carbonate 5%, followed by 75 ml. ethanol
eluent. The eluent was collected in a flask containing 2 ml.
N hydrochloric acid, and was then evaporated to dryness on a
water bath., The residue was digsolved in 10 ml. H20 and the
strychnine recovered was estimated in 5 ml. portions,

In three experiments the recovery was 91.5%,8.0, 96.0%,
with a mean value of 92,1%.
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Estimation of a Mixture of Strychnine
and Brucine in Liver,

Method : -

A. Concentxation of the alksloidal content of the livex.

50 gm, liver were homogenised with 100 ml. saline to a fine
paste and transferred to a round-botvomed flask snd 1 ml, strych-
nine solution (0.1 mgm./ml.) was added. The flask was placed
in a boiling water bath for 5 minutes. 50 ml, of 2N hydro=-
chloric acid were added and the mixture heated for another 10
minutes, and allowed to cool, It was transferred to a 250 ml,
volumetric flask and compléted to the mark with distilled water,
Filter, use suction if necessary.

Treat 200 ml. of the filtrate with 10 ml. trichloracetic
acid 26%, N. Hydrochloric acid. HMake up the volume to 250 ml,
with digtilled water and filter,

200 ml, of the filtrate was adjusted to pH 8,0 with sodium
hydroxide solution., Percolate through a florisil column,
followed by 100 ml, distilled water. The adsorbed pigments
werc washed off the column with 50 ml. volumes of 0,5% ammonia,
distilled water, 30% acetone in water and distilled water in
the given oxder.

The adsorbed alkaloids were eituted with 5 ml. strong
smmonia, followed by 75 ml. of ethanol ammonia™ mixture.

The eulted alkaloidal solution was evaporgted to dryness

and the regidue dissolved in 1 ml, ethanol,

® See page ®



=06-

B-Chronmstographic Separation of the Concentrat~d Alkaloids.

(pege 85)
-~

RESULTS:

ug. recovered mean value Total
on paper recovered Regovery
on paper
Strychnine
l. 30.0
3375
375
2. 38.0
5725
3645
Brueine
l. 32,0
32,75
3345
2s 3945
3845

376

C- "etimation of the Chromatogrshed Alkaloids (h:ge 86)

%

Recovery

84.4

9%.1

81l.9

9643



ADDENDUM I :

ELECTROCEROMATOGRAPEY OF ALKALOIDS.

ADDENDUM II :
OBSERVATIONS ON PAPER CHROMATOGRAPHY IN

TOXICOLOGICAL ANALYSIS FOR THE IDENTIFICATION
AND ESTIMATION OF ORGANIC BASIS POISONS.
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Electrochromatography of Alkaloids.

A+ Electrophoretic Separation of Alkesloids from Plasma.

The aim of this part of the work was to separate the
alkaloid(s) from plasma for identification and estimation
purposes. After the separation of the alkaloids from plasma,
the portion of the paper sirip containing the proteins was
to be cut off and discarded. The paper strip was to be
developed with a suitable solvent. The alkaloid was
identified by ite Ry value and its quentity estimeted if
required.

Theoxy: Alkaloids heve basic characters due to the
presence of a basic nitrogen atom in the molecule, All
the alkaloids used in this study are monoacidic bases,
i.e. one molecule of the alkaloid combines with one molecule
of a monobasic acid, e.g. HCl with a general formula B,HCl,
with a dibasic acid, €.g. H2504 two molecules of the alkaloid
combine with one molecule of the acid Bz.HZSO4. In agueous
solutions alkaloids give rise to positively charged ions
which move to the cathode when subjeet to an eleetric field.
As acid phosphate impregnated paper gave satisfactory
results for the separation of strychnine and brucine, it was
suggested that the buffer solution used in this study should

be phosphate solution of the same concentration as that used



I (B)

.} h \ x ' o"h\

m Plasma containing quinine apllied to paper followed with Mro-
g acetic acide. fue B

I (B) Trichloroacetic acid applied te paper before the application of
the plasma.

IT Plasma applied to paper without any protein precipitate.

Buffer used M/# sod. dihydrogen phosphate.

Current :+ 250 Volts for 4 hours.
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for impregnating the paper, After the electrophoretic
separation of the alkaloid from plasma, the strip of paper
containing the alkaloid was dried and developed with butanol
saturated with water,

Experimental: - Flasma to which quinine had been added

(1 mgm quinine/ml, plasma) was used. 0,025 ml, plasma was
applied to the paper strip in each experiment., Plasma was
allowed to dry over a hot plate., It was then soaked in

/4 N3H2?94 solution and the excess was removed by pressing
the paper strip between blotting paper. The strip was placed
in the eleetrophoretic chamber containing N/4 HaHZPO4 and a
current of 250 V was applied for 2 hours., The strip was
dried at 100°C end exposed to ultraviolet rays to mark the
position of quinine on the paper strip. The portion of the
strip below the quinine was cut off and discarded, the rest
was developed with butanol H,0. After development, the
gtrip was sprayed with Dragendorff reagent to reveal the
guinine spot.

Preliminery experiments (Chart 1&) showed that the
proteins moved along the paper strip in the same direction
as the quinine. To eliminate any possible interference of
of the proteins, it was suggested that it should be trapped
and fixed in their place of application on the paper strip
by precipitation. The protein precipitents used were 20%
trichloracetic acid, 20% sulphosalysilic =cid and tungstic
acid. The precipitate was applied either after or before



CHART II.

Electrophoretic Separation of Alkaloids From Plasma.

(1) Quinine

(ii)Brucine
(iii) Strychnine
(iv) Atropine

(v) Cocaine.
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the application of plasma., By this method the plasma proteins
were held in their place of application and the slkaloid
(quinine) travelled alone along the paper strip.

Results: Tungstic acid was unsuitaeble for this particularx
purpose because it precipitated the quinine together with
the proteins, Im strips with tungstic acid the quinine did
not move, "

Both triohloracetic acid and sulphosalysilic acid gave
satisfactory results, Althoﬁgh the latter precipitated the
proteins moxe completely thaﬁ the former, yet the trichloracetic
acid was preferred, Sulfoaaiysilic acid was fluoresecent in
ultraviolet rays and a deep ;ellow coloured zone around the
bend of the quinine which 1n§erféred with the colour of the
quinihe spot, especially when present in lower concentrations
than 25 ug. 4

Trichloracetic acld was the protein precipitant chosen
for nse in the eleetrgphoretie separation of alkalofds from v
piaama. As shown in chart T, the spplication of T.C.,A. acid
before the plasma gave the best results, as the plasma did nof‘
spread and was restricted to a narrow band, and more plasma

could be applied by this method.

The above method wes applied to plasme conteining various
elkaloids (atropine ,strychnine, brucine, cecaine & quinine).
(iood separation of the sbove slkaloide from Plasma was obteined

with /4 sodium dihydrogen phosphaéte as buffer,
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By thie method it would be nossible to deteet sand identify
eny slkseloid suepect:d to present in rlesma especially when g
small volume is only svellable,
- The dissdvatege of thie method thet it is only vossible
when the alksloid ie preesent in high concentration (.2-.5 mgm/ml)

which is not often mct with in toricological practico.

B Electrophoretic Senaration of Alksloids into groups.

The sbove work wee e¢xtended to t e electrophoretic separation of
& mixturc of alkeloids,

Preliminary work showed thet thore wes no satisfectory
ceperetion by this method. From chert III it could be noticed
thaet & mixture of quinine, strychnine , brucine, cocaine and
etropine could be possibly sepesreted into three groups:

(e) stropine, coceine
(b) quinine etrychnine
(¢) brucine,
Thie method of electrophorctic sensretion of alkasloids

will be studied in deteil in & lator communication.
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Addendum II.

Observations on Paper Chromatogrephy in Toxicologieal
Analyses for the Identification and Estimation of

Organic Basis FPoisons

Paper chromatography in the field of toxicologiecal
analyses could be applied for the following purposes,
1. Paper chromatography of alkaloids could be applied
as a qualitative test for the identification of the different
organic basic drugs by their Rr values.
2. Separation of mixtures of basic organic poisons to
enable their individual estimation as they all respond to the

alkaloid-dye compound method.

3« In toxicilogical specimecns where the specimen is
putrified, paper chromatography may sexve as a tool for the
purification of the drugs present due to the putrifactive
products which may interfere with the qualitative tests and
the estimation methods.

Proposed Technigue.

l. The basic drug may be extracted and concentrated using
the suitable method, depending on the nature of the specimen
under examinstion (urine, plasma, tissues, methods - Part II,
Division II, Chapter 6).

2. The concentrated drug is to be applied to paper and
chromatographed with sultable solvent. A duplicate
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chromatogram should be prepared, one for identification
purposes by calculating the Ep value of the spot, which is
to be eluted and confi;gatozy tests to be applied. The other
sheet is o ﬁe used foE.quantitativaiestimaxiona by eluting
the spot and estimating its content with the alkaloid dye
addition coampound method (Part II, Division II). A control
ehromatogram of drugs suspected to be present should be
run at the same time as the unknowm.

In this way minute amounts of basic drugs could be
identified and estimated.

This work will be studied in detail in another communication.



