compounds listed in Table 1T were screened versus the G46 strain of S.
typhimurium, except for la, I, Ie, If, Vb, Ve, VIila-VIIc, and VIIIc,
which were assessed against the ATCC 13311 microorganism.

Evaluation of I1b against thymidylate synthetase and dihydrofolate
reductase was done according to a literature method (34).
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Abstract O A new colorimetric method for glycyrrhizin in licorice and
drug preparations is given, The method is based on coupling the acidic
genin, glycyrrhetinic acid, with methylene blue and measuring the ex-
tinction of the coupled compound solution in chloroform-alcohol.
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Licorice, the root and subterranean stem of different
varieties of Glycyrrhiza glabra, has long been used in
medicine. The drug and some of its preparations are offi-
cial in many pharmacopoeias. Besides being a valuable
flavoring and sweetening agent, the drug has demulcent,
expectorant, and antispasmodic action. Recently, it was
shown to be effective in gastric ulcer treatment and to have
a cortisone-like action in rheumatic arthritis and other
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inflammatory diseases (1-3). These activities are due to
the active constituent glycyrrhizin, which is the calcium
and potassium salt of glycyrrhizic acid; the latter is the
diglucopyranosiduronic acid of the pentacyclic triterpe-
noid sapogenin, 8-glycyrrhetinic acid. Simple derivatives
of B-glycyrrhetinic acid such as the disodium salt of car-
benoxolone have been used extensively in gastric ulcer
treatment (4).

BACKGROUND

Glycyrrhizin has been estimated by gravimetric assays of variable
weighing forms (5-7); volumetric assays such as direct titration of gly-
cyrrhizic acid, glycyrrhetinic acid, or their salts (6, 8); colorimetric assays
(6, 9-12); and colorimetric and spectrophotometric determination after
chromatographic separation (13-18).

The reported glycyrrhizin content of licorice has varied greatly. Some
investigators attributed this variation to the different analytical methods
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utilized; they considered the figure given in the BPC 1963 (2%) to be low
and favored the higher figure given in the later edition (7%) on the basis
of good agreement with the 6-13% found by Houseman (5). However,
recent reports criticized these high figures and showed most early
gravimetric and colorimetric methods to be extremely nonspecific (4, 6),
producing results that are appreciably higher than the true value.

Killacky et al. (4) criticized earlier colorimetric methods that rely on
the reaction between 3-glycyrrhetinic acid and vanillin-sulfuric acid as
well as spectrophotometric methods that rely on UV absorption at 248
nm on the basis of the nonspecificity of the aromatic aldehyde-sulfuric
acid color reaction. The numerous flavonoids, coumarins, and polyphe-
nolic derivatives present in licorice extracts would absorb at 248 nm and
are difficult to eliminate.

Some methods for the determination of glycyrrhizin and S8-glycyr-
rhetinic acid were reported recently. These methods attempted chro-
matographic separation of the active principle by reversed-phase high-
pressure liquid chromatography (HPLC) (4), ion-exchange HPLC (19),
rod TLC (20), or GLC (21, 22).

A simple, specific method for glycyrrhizin estimation was developed
through direct coupling of the acidic genin, 8-glycyrrhetinic acid, with
a basic dye, methylene blue.

EXPERIMENTAL

Instrument—A spectrocolorimeter! was used.

Material—One batch of powdered licorice?, two batches of licorice’
liquid extract, and one batch of glycyrrhizin flakes? were used.

Reagents—Aqueous methylene blue® (0.1%), chloroformic glycyr-
rhetinic acid reference® solution (5 mg/100 ml), and citrate-
phosphate-borate-hydrochloride buffer? (Teorell and Stenhagen buffer)
were prepared.

Determination of Optimum Coupling Conditions—Aliquots (20
ml) of reference glycyrrhetinic acid solution were shaken separately with
1 ml of dye solution and 20 ml of pH 6-12 buffer solution (Fig. 1). Solu-
tions were shaken continuously for 1 min and set aside for 5 min. The
chloroform layer was decanted into a 50-ml measuring flask.

The coupled compound was completely extracted by reshaking with
an additional 10 and 5 ml of chloroform. The mixed chloroform extract
was diluted to volume with ethanol, and the extinction of the chloro-
form—ethanol solution was measured at 640 nm (Fig. 1). The extractibility
of the free dye was determined in a similar manner from blank experi-
ments at the same pH values (Fig. 1).

Obedience to Beer's Law—Aliquots of glycyrrhetinic acid reference
solution, corresponding to 0.05-1 mg of glycyrrhetinic acid, were coupled
with methylene blue as described. Two series of experiments were at-
tempted at pH 9.2 and 8.4. However, the extinction was measured in
chloroform—ethanol (4:6). A linear relationship was maintained at both
pH values (slopes of 0.21 and 0.14, respectively).

Molar Ratio of Coupled Compound—Eleven different coupling
experiments were attempted with glycyrrhetinic acid aliquots ranging
from 1 to 9 g-mole X 10~4. They were coupled, at pH 9.2, with aliquots
ranging from 9 to 1 g-mole X 1074 of methylene blue, respectively (Fig.
2).

Assay—For powdered licorice, 1.0 g was refluxed four times for 15 min
with four successive 15-ml portions of 70% ethanol. Each portion was
decanted and filtered through the same filter paper. The alcohol was
evaporated, 20 ml of warm water was added, and the procedure was
completed as described for the liquid extract, starting with: “After
cooling, 5 ml of ethanol . ... "

For the liquid extract and flakes, 1.0 g, accurately weighed, of the liquid
extract (or 0.25 g of flakes) was dissolved with 20 ml of boiling water. After
complete dissolution, the mixture was transferred into a separator, the
flask was washed with two 10-ml portions of boiling water, and the
washings were added to the original mixture in the separator. After
cooling, 5 ml of ethanol and 1 ml of 6 N HoSO, were added; then the
mixture was shaken very gently with successive portions of 20, 20, and
10 ml of chloroform. Each chloroform fraction was separated as com-
pletely as possible, taking care not to pass down any precipitated matter

L Spekol, Carl Zeiss, Jena, East Germany.

2 Caesar and Loretz-Hilden. .

3 Lot 834, CID Laboratories, Cairo, Egypt, and batch 33, Memphis Chemical Co.,
Cairo, Egypt.

4 CID Laboratories, Cairo, Egypt.

5 Reidel-De Haen AG, Seelze-Hannover.

6 Merck.

7 According to “Scientific Tables,” 7th ed., Ciba-Geigy, Basel, Switzerland, 1971,
p. 280.
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Figure 1—Extractibility of methylene blue (A) and glycyrrhetinic
acid-methylene blue coupled compound (O) at different pH values.

or emulsion at the interphase. The chloroform extracts were dis-
carded.

The aqueous phase with any suspended insoluble matter was quanti-
tatively transferred into a boiling flask, using 5 ml of distilled water to
wash off any clinging matter on the separator walls. Ten milliliters of 6
N H3S0, was added, and the mixture was heated on a boiling water bath
for 75 min.

The hydrolyzed mixture was transferred quantitatively, while hot, into
a separator, and the flask was washed with 5 ml of distilled water. The
aqueous acid solution was extracted with four 20-ml and one 10-ml por-
tions of chloroform. Each chloroform fraction was filtered through a small
piece of cotton surmounted by 2 g of anhydrous sodium sulfate. The
chloroform filtrate was collected into a 100-ml measuring flask, and the
volume was completed with chloroform.

Coupling Experiments—A 10-ml aliquot was transferred into a
separator containing 20 ml of pH 9.2 buffer solution, 2 ml of dye solution,
and 10 ml of chloroform. The mixture was shaken continuously for 1 min.
(After separation of the two phases, the aqueous phase must be blue in
color. If it has a greenish or yellow color, additional 1-ml aliquots of the
dye solution must be added and the mixture must be reshaken.) The
thloroform layer was separated into another separator containing 5 ml
of pH 9.2 buffer. Then the mixture was shaken and, after complete sep-
aration, the chloroform layer was separated into a 100-ml measuring flask
(without filtration or dehydration).

The contents of the first and second separators were reextracted with
10-, 5-, and 5-ml portions of chloroform in the same manner, and the
combined chloroform extract in the measuring flask was completed to
volume with ethanol.

A standard solution was prepared according to the same coupling
procedure but with 10 m] of reference glycyrrhetinic acid solution instead
of the 10-ml sample aliquot.

The extinctions of the test and standard solutions were measured at
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Figure 2—Molar ratio curve of glycyrrhetinic acid—-methylene blue
coupled compound.




Table I-—Glyeyrrhizin Content of Certain Preparations

Original
Preparation Enriched Preparation
Combined Added Found
Glycyrrhe- Glycyr- Glycyrrhe- Glycyrrhe-
tinic rhizin, tinic tinic Error,
Sample Acid, % % Acid, mg Acid,mg %
Liquid extract® 1.534 2.7 5.626 57568 +2.26
Liquid extract® 0.649 1.14 5.138 5.227 +1.73
Powdered licorice 0.835 1.46 1.285 1.348  +4.9
Glycyrrhizin flakes®  8.21 14.37 6.779 6.901 +1.8

2 CID Laboratories. * Memphis Chemical Co.

640 nm against a blank prepared at the same time by the same coupling
procedure but with 10 ml of chloroform instead of the sample aliquot.
The glycyrrhizin percentage in the assayed preparation was calculated
using:
E, X 0.5 X L.75
E;Xa

where E, is the extinction of the test, E; is the extinction of the reference,
a is the weight taken of the preparation, and 1.75 is the transformation
factor of glycyrrhetinic acid to glycyrrhizin.

The reliability of the method was checked by assaying some pharma-
ceutical preparations before and after enrichment with authentic gly-
cyrrhetinic acid (Table I).

% glycyrrhizin = (Eq. 1)

DISCUSSION

Preliminary studies with methylene blue, safranin, brilliant cresyl blue,
and basic fuchsin indicated that methylene blue was the best for coupling
with glycyrrhetinic acid. The coupled compound was of comparably high
extinction. The serious Apmax inconsistency of the methylene blue coupled
compound in chloroform solutions was overcome by measuring the ex-
tinction in a chloroform-alcohol mixture in which the coupled compound
showed a consistent A, at 640 nm.

The coupled compound was highly extractable with chloroform at all
alkaline pH values; however, obedience to Beer’s law was studied only
at pH 9.2 and 8.4 rather than at higher pH values at which the free dye
showed higher extractibility.

The specificity of the method was proved by resolution of the coupled
compound (extraction with chloroform from acidic salution). Examina-
tion of the chloroform solution by TLC (23, 24) revealed one principal
spot corresponding to glycyrrhetinic acid.

Molar ratio studies proved the coupled compound to be formed from
three molecules of the acid and one molecule of the basic dye.

The proposed assay ensures complete glycyrrhizin extraction and
complete elimination of free acidic constituents such as simple organic
acids, sugar acids, free glycyrrhetinic acid, and other triterpene acids.
The procedure also ensures complete glyeyrrhizic acid hydrolysis and
complete extraction of the liberated glycyrrhetinic acid.

The aliquot technique was followed in the coupling experiment to allow
for possible repetition of that step.

The glycyrrhetinic acid recovery (Table I) was calculated to be
101.7-104.9%. This consistent positive error may be explained by a
probable slight increase in solubility of the uncoupled dye in higher
concentrations of the coupled compound (in the case of enriched sam-
ples).

The method is simple, rapid, and sensitive. The assay procedure, by
ensuring complete initial elimination of free acids, renders the method
specific for the acidic genins in the hydrolysate, which was proved chro-
matographically to consist principally of 8-glycyrrhetinic acid.
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