A Paper Chromatographic Study of Aloe,
Aloin and of Cascara Sagrada®

By NOUR! Y. MARY,t BERNARD V. CHRISTENSEN, and JACK L. BEAL

A qualitative and quanditative study of aloe, aloin, and cascara sagrada by the use of

paper chromatography was undertaken.

‘The results indicated the presence of wloe-

emodin and anthranol in the free state and in glycosidal combination in all five of the

drugs investigated.  In addidon, the Curagao aloe contained chrysophanic acid and

the cascara sagrada contuined chrysophanic acid and emodin in their free state and
also iu glycosidal combination.

A LITERATURE REVIEW of aloe fodicated that

there is stll considerable question witly re-
gard toits chiemical composition,  In addition,
% was found that the work that appeared in the
LGenature wits conducted ahmost entirely on one
Licidl species of aloe (Curaguo). Tlns nvestiya-
b was undertuken to ascertain the major con-
sittents present i the three oflicial speeies of
e and to gquantitate, if possible, the active
aastituents present, ntilizing the technigque of
pajer chronnatography.

Sitee aloin is prepared from aloe a study of a
sple of aloin was inclided i this investigation.
Caseara sugradu having similar type major cou-
wtucnts was also eluded jn the fuvestigation
auh the hope that paper chromatography would
dad new hight on the constituents, As fur as the
wthors could determine, paper chromatography
Lo never heen cmployed i the analysis of these
dugs, Paper chiromatography, however, has
went apphied by Shibata and Takido (1) for the
yeslitative and quantitative studies of several

vatictics of rhubarb.

QUALITATIVE STUDIES

Preparation of Authentic Specimens of Some
Aadracene Derivatives. --T'he nature of the investi-
gation undertaken neeessitated that pure samples of
sane uf the anthiracene derivatives be available.
Acordingly, the following compounds were pre-
pucd: sloe-etmoding wdoc-croding anthraanol, chryso-
patic acid, and cmmodion.

Aloc-emandin was prepared according 1o the
wethad of Culim and Simousen (). Aloc-cmodin
athranol was  prepared  according 1o Hanser's
sethod (5). Chrysopliamic acid am} cmadin were
yapated by the processes of Joha . Gardner (G, 7).
The pure compounds were identitield by their melting
pats.aid by i study of their abisorption cirves.

Spectrophotometric Examination of the Prepared
datbracene Derivatives. - The maxinmm absorption
o 4 substance s an importaat criterion for, its

from College of Pharmacy,
s 16

' Reveinved Seplember 7, 14,
P Ghia State Univeraity, o

Lo attract of a4 part of o clation presented to Lhe
Camjuate Mool of the Olua dtale wersity by Nouri ¥,
¥uyn partial Tulbllment of the regauremicnts for the degree
a Inator uf Plulosaphy

tPtescal adileess. Koyl College of Pharmacy and Chem-
wry, Haghdadl, trag

identification. 1t also provides a means of quan-
titating the substance under investigation.  ‘Thiere-
fure, the trunsmittanee curves of the pure anthracene
derivatives prepared previously were determined.
The results illustrated  the points of maxinng
absorption of aloc-cimodin ad ehrysophanice acid at
430 g, cmodin at HO mg, aud aloc-cimaoding an-
thranol at 360 g

Identification of Constitnents

(a) Extraction.-— Cliloroform extracts  of  the
free and the combined {(glveosidal combination)
anthracene  derivatives from veritied  powderad
specitnents of Cape aloe, Socotrine aloe, Coravao alo,
aloin, el cascara sagrada were prepared by Daels?
method (3) as moditicd by Brody, Voigt and NMalicr
(2., using smaller vohunes of the extracting men-
straaen (25 ml ehloroform per i Cau, of drug).

(b) Paper chromatography. - The micthod used
fur the analysis of the drug extracts was basically
that of Shibata and Takido (L) Scveral strips of
chromatographic paper, Whatnin No. 1, 60 ¢
long and 4 e wide, were prepured. The test
solutions in chloroform containing the free and com-
bined anthracene derivatives prepared above were
spotted with amicro-pipet o stact lioe which was
drawn at a d-am. distiaree from one of the ends of
cach of the strips. Voles of the chloroform sohr-
tions runging from 100250 A were employed. The
strips were then allowed to air-dry hefore chromato-
graphing them.

The chromatography was carricd out by the is-
ceuding method nsing petroleum ether (b p. 65 -
110%) saturated with 97 per cent methyl ideohol at
room tewmperature,. The hottom of a0 chiromato-
graphic jar (0 e i diianeter and 60 e in length)
wits coverad toandepth of two inches with the above
solvent.  The cliumber was closed tightly and left
for about 6 hours to ensure atmospherie saturation.

The strips containing the test solution were stapled
on a grid made of five ghiss rods. The ends of the
strips hearing the test solution were the Taethest from
the rods. A masimun of 20 paper steips conld he
hung on the grid at cach chroustographic run
The strips were trausferred to the solvent <iturated
chromatographic cliunber which was  then com-
pletely scaled to maintadn the atmospheric equili-
brin.  The ehromatogriuns were ablowed o de-
velop for 10412 hours,

The steips were remtoved  from the chronsico-
graphic jar and the solvent fronts mrked  After
drying, the deccloped paper strips were sprayed
with 0.5 per cout methanolic nugnesinm acetate
solution; the -uips then were heateld at 1000 for
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sagrada contained chrysophanic acid aml cmodin
i their free state and also in glycosudal combnna-
tion,

2, Iso emodin previously reported present in
Curagao aloe aud cascara sagrada was not de-
teeted i either of these two drugs,

3. Paper chromatography was wtilized in the
quantitative  evaluation of  the three  ofhicial
species of aloe, The results showed the superior-
ity of the Curagao aloe to either the Cape or the
Socotrine aloes,
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A Simplified Assay of Nux Vomica Tincture”

By MORTON SCOTTH, ABRAHAM TAUBI{, and CLAUDE PIANTADOSI§

The time of the N. F. assay has been materially shortened by employing a prelim-
inary isolation procedure involving adsorption on aluminum oxide followed by
clution of the alkaloids with 70 per cent alcohol.  Tbhe cluate is then subjected (0
ion exchange on Amberlite* IRC 50 and subsequent elution with 0.1 N HCl in 70
per cent alcohol. Final determination of strychnine and brucine, is made spec-

trophotometrically at 255 and 264 mp.

A batchwise ion exchange technique has

becen developed which has been found to be simpler and more rapid than the cun-
ventional columnar technique.

Tm OEFFICEAL ASSAY Jor strvehnine inooanx

vorica galenicals is of good precision hut
relitively time consuming, The lengthy nature
of the determination s due for the most part to
diflicultics encountered in the extraction of the
strvehmine and i the elimination of the bhrucine
which always accompanies the strychnine in
sicht preparations,

Nmmnerons investigations have been conducted
with the object of improving the oflicial method
of assay (1 3).
have been stadied (1, 5) ad the chromatographic
separation of strychnine and hrucine has been
reported by La Rocea and Burlage (6) and
others (7, 8), B Ridiand Khalilia (8) desceribed
a spectrophotometric assay which employed a

Chroutttographic  procedures

prefinmnary puriication of  the alkaloids by
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adsorption of the galenical on alomin, Tollowed
by elntion of the alkadoids with ethanol.  Spee-
trophiotometric methods for the simultancous
determmation of strychnine and brucine have
been reported (10, 1), and Bhattacharya and
Guanguly  (12) cexamined the deviations from
Beer's faw which way ocenr during such deter-
minations.  Analyses based on don exchange
techniques have also been deseribed (13, 1),
Recentdy, Piantadosi (13) snggested an improved
assay hased on the nse of cation exchiange resins,
This procedure offered several advantages hut
the method stll entailed the removal of brucine
vid axidation followed by a tedious extraction of
the stryvehimine,

I reviewing the ollicial assuy method and the
work of others, it hecime apparent that a neetl
st existed far aomore rapid assay for stryvehnine
o nux vomic galenicals. The present work
deseribes such an assay for strychnsue in nux
vomica tincture, and it is believed that the
method can he casily extended to include the
assay of other nux vomica galenicals.
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S ominutes resalting in oo distinet ogange, pink or
vellow colotation.

Paper strips on which were  potted the pure
authentic anthricene derivatives previonsly pre-
parced were chromatograpbed simunltancously with
the strips containing the test solution to indicate the
exact Ry values. o addition, the comparison of the
trsmittance curves of the  alcohol-chuted  com-
pounds from the unknown chromatograms with the
transmittance curves of the compounds cluted from
the known  chronttogriuns served  as a further
eriterion for adentilication.

Table Tillastrates the Ry values of the spots that
appeared and the color they gave with the meth-
anolic magnesium acetate solution.  Table 1L con-
Grins the quaditctive resufts of the anthracene
derivatives fonnd in the samples studicd.

Tancr I Ry Vatves oF ANtaracess: CoMporsNns
AaNp 1k Coror oF These CIMPOUNDS WITH 11HE
MAGNESIUM ACETATE REAGENT

. — — - ——— - -1

Colar of Componned
with Methanolic

i Magnesium Acetate
Componind Value Reagent
Authiranol 009 Yellow
Aloc-cmadin 10.25  Orange, becoming pink
Faodin 0.4 Orange, beeoming pink

Chrysaphanie acid 0,94 Orange, hecoming pink

Tanre TLo ANTHRACENE DERIVATIVES Fousnp IN
THE SAMPLES STUIHED

T e e Somims - 1
Cur Soco Cas
Anthracene agi Cape  trine cara
Dietivaline atoge aloe aloe Aloin  sagrada
Anthranol + + + + +
Atoe emedin + + + + +
Chirysophanic
acul -+ - - - t
Frnodin - - - - -+
DISCUSSION

Asindicated i Table 1 the experimments con-
dncted on Curagao aloe revealed the presence of
anthranol, aloc-cmodin, and chrysophanic acid i
hoth the hiee state and i glycosidal combination.
Theanthranol was wdentitied on the basis that it con-
foried 1o previousdy reported characteristios in that
(st extubited no absorption peak at oy wave-
length over a wide range of the nhtraviolet and visible
pottions of the spectrum; (0) it gave a vellow color
with alkalies instead of the orange or pinkish colori-
tion characteristic of the other anthracine derivi-
tives  This yellow coloration was also noticed by
Broddy, Voigt and Maher (2) :nd Gibson and
Sehwarting (33) who cmiployed wn alkaline chroma-
tographie colmmn for separating the anthracene
derivatives of Cuvagao aloe and cascura sagrida,
respectively. These sesults of the Curagio aloe
diler Brom that of Brdy, Voigt and Maher (2)
i that chrysoplimic acid  was isokited and  iso-
codin was not, while Brody, Voigt and Maher
isolted iso-cmodin and not chrysoplatie acid.

T the sundysis of cascara sagrda, the anthracene
derivatives cooding aloe emolding ehrysoplimie iaeid,
and anthranol were deteeted as indicated in Fable §1.
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This differs Trom the results of Gibson snd Schwart-
ing (3) it that chrysophanie acid was detected aml
iso croodin was not, while Gibson and Schwarting
isolated iso-emodin and not chrysophanic acid. Le
Prince (14) and Liddell, Kiag and Beal (12, 15) have
reported the presence of ehrysophanic acid in cascara
sagrada.  Jowett (HD), in addition to Gibson aud
Schwarting, did not report the presence of chryso-
phanic acid in cascara sagrada.

One might at first belicve that these two com-
pounds, iso-emodin awd chrysoplinic acid, have
heen confused.  However, evidence of their different
physical propertics shows that not to be the case.
In this experimemtal work the identity of chiryso-
phanic acid wasestablislicd by the following:  First, it
was soluble in ammonia giving a positive Borntrager
reaction (16) (iso-cimodin does not dissolve i ame-
moniaand thus gives wnegative Bormrager reaction),
Sceond, it had the same absorption maxinmm as
purce chirysopharnic acid. Third, it gave an Ry value
identical with the Ry value of a known pure sample
of chrysophinic acid having a melting point of 196°.
This Ry value agreed closely with the Ry value of
chrysophanic acid prepared aud chromatographed by
Shibita and Takido (1L These twao investigators
found that anthraquinone compoonds having two
hydroxyl groups and one methyl group in their
authracene nucleus such as chirvsophanic acid and its
isomers usually vielded @ very high Ry value (0.92),
The introdaction of & chird hydroxyt group into the
anthracene nucleus as in emodin and iso-cmodin
gave a much lower Ry value (0.50),

The presence of only anthranol and woc-emodin
wis detected in the free state and in glyveosidal com-
bination in the Cape and Socotrine aloes. No
chrysophanic acid could be deteeted on the ehro-
matogrins of their extracts.  An unidentificd con-
stituent having a slightly higher Ry value Uia
anthranol and an absorption maximun w130 mp
wits detected in the free state in Socatrine addoe. It
wars thought, at first, that some taihing of the aloe-
cioding spot occurred, but repeated  experiments
under the same conditions revealed the separate
existence of this extra spot.

The aloin scanple used was found to contain only
anthranol and aloe-cmodin. - The chemical composi-
tion of aloin differs according to its commercial
souree (17). Sinee no ehirysophanic acid could be
spotted on the chromatograms of its extracts, it was
conclided that the woin saanple was not obt:aned
fron Curagao aloe,

At no time inany of the drugs studied could aloe-
cmaodin anthranol, first deseribed by Thauser (5), be
detected on the chromatograms. The pure aloe-
cnpadine authranol prepared according to Hanser's
methad (5) viclded two components when chironite
graphed.  One of  these components was  aloe
ciodin and the other component was identical with
the antheanot present in all e drugs investigasted
here. It s possible, therefore, that the compound
of Huuser is not a single entity but rather a two
component substance,

QUANTITATIVE STUDILS

A comparative quantitative study of the oflicid
kitds of wloe wis undertaken alter separation d
the constituents by the use of paper chromatography
was achieved.
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Moisture Determination.-—"T'he moisture couteut
was determined by the USSP NIV method (17) for
drugs containing no volatile principles ot HH°.
The purpose of performing the woisture determin -
ton was Lo obtain data so that succeeding cidenlbi-
tionis condd be nuade o i dey weighit hasis.

Determination of Water-Soluble Extractive.  “I'he
amonnt of water solble extractive was deteraiined
by the U0 S0 P0 NV method (17).
appear in Table 111

The results

PERCENTAGE  0F  WATER-SOLUBLE
EXTRACTIVE OF ALOE

I - - 1

TasLe 111

rer ceut of
Water-sohible

Aloe extraclive
Curagao NSO
Cupe T0 01
Socatrine [FERIY)

Per cent Recovery of Anthracene Compounds from
Chromatograms. [t his been reported in the litera-
ture  that  In quaaititative  practice,  compomuls
separated by paper chiromatography are uot re-
covered completely from the developed chromato-
gramis. Whether  this troe of tie an-
thricene compounds was not known.

A 200 A volume of aone per cent aleohiol solation
of cach of wloc-cmodin and chrysoplanic acid wis
spotted on the stiating line of womnnber of chironmato-
graphic strips and wus chromatographed ascendingly
for 1012 hours.  After drying, the strips were
cluted with aleohol i a desiccator overnight. The
cluents containing the anthracene compounds were
diluted 1o a0 104m) volume, their  transmittance
determined spectrophotometrically and the values
interpreted from a cadibration curve plotted pre-
vioushy on 28 10 semilogarithunic paper.

The results indicated that recovery wits not com-
plete. The average percentage recovery wias 8890
of woc-cmodin aid 869 of chrysoplimic acid.  No
salisfactory  exphuoution has been reached  which
accounts for the loss on elution.

Quantitative Determination of the Measurable
Anthracene Derivatives of Aloe.- Chioroform ex-
tracts of the anthracene derivatives of aloe present
in the free state as well as i glycosidal combination
were prepared separately by the method previously
deseribed. Depending on the color of the extracts,
volumes vanging from 100 500 A were spotted on
paper strips and chromatographed aseendingly as
previously deseribed. After establishing (he iden-
tity of the spots, they were cluted  witli ethyl
Weohol, their transmittancee read on a Becknuan
speetrophotomceter, Model DU wnd their conceuntr:-
tion determined fron the stndard enrves previously
plotted on 2 x 10 semilogarithunic paper taking into
consideration the moisture content of the powdered
drugs and the pereentage of the compounds re-
covered on clution.

Only the ambracene compounds having an absorp-
tion maxisnun could be evaluated,  These com-
pounds included wloc-cmaodin and chrysophanic acid,
The results of the analysts of all the aloes appear in
Table IV,

The total anthriacene content could not bhe deter-
wined sinee sntheanol, e compotied present in all

wis atlso
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aloes i the free s well as the combined state, conld
not be quantitanvely determined by the sinne spee-
trophotomctric method wsed for the determination
of the other constituyents, as no singley wavelength
could be chosen for its analy Geal detenmimanion.,

Tanee IV Quantirarve Srunies o Aior

Soen
Curagico Cigpre trite
Sample aloe aloe aloe
Free  Aloc-cmodin - ex-
pressed inomg. % WWAH 6T 626
Combined  Aloc-cmadin
expressed inomg. 47 1973 h0 12 37 .62
Free Chrysophanic acid
expressed in mg. 9, 781
Combined Chrysophanic
acid expressed inomg.
" ney me
70 ). 44

4 Combined refers to tliat oecurring in glyeosidal combina
tion.

DISCUSSION

The results of the detemination of the water:
soluble extractive (Table 11D by the VoS0 PO NIV
method (17 showed tit the Caragio sdoe cantatiend
more water-soluble extractive tham the Ciope adoe and
Socotrine wloe.  The difference tn the wount of
witler-soluble extractives is not as great or signibicant
as the difference in the amount of e antheceene
derivatives.  The data in Tiable TV show that there
wits constderable dilference in the aloc-emodin can-
tent i the three varicties of aloe investigated,  The
Curagio aloe was found to he the richest in the
winount of aloe-cmodin present. e contained ap-
proxiuutely 2.5 times as much aloc-ciodin as tie
Cupe aloe and 1 times as winch aloe-cnodin as the
Socotrine aloe.  In addition, the Curiigio adoe con
tained o considerable sunount of chirvsoplunice acid
1t is concluded, therefore, it the Caragao aloe
wis superior in quality o cither the Cape or Soco
trine aloes,

The dati in Tuble 1V reveal also that the free
extracts of aloe contained far less anthracene com
pounds thiai the combined extracts, I the Curaguo
wloe, upproximately one-seventh of the aloc-cmodin
and onc-fourth of the chrysoplumic acid were found
in the free state. I the Cape aloe one-ninth of the
aloc-ciuodin occurred free and in the Socotrine wloe
approxiately one-sixth of the aloe cmadin was iu
the free state.

SUMMARY

(. The constituents of Curacao aloe, Cipe
aloe, Socotrine aloe, aloin, and cascari sagrida
were suceessfully separated by the technigue ol
aseending paper chromatography, using What
man No. 1 hlter paper and petrolewn ether (b, p.
65 010°) satarated with 97 per cent methyl al
cohol as the solvent. The results indicated the
presence of alue-cmodin and anthranol in the free
state and in glycosidal combination in all five of
the drugs investigated. T addition, the Caragoa
aloe contaimed chrvsoplumic acid and the cascara




