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Glycyrrhizic acid (GA, I) is a triterpene glycoside repre-
senting the main active component of licorice root extract
obtained from plants of the Glycyrrhiza glabra L.,
Glycyrrhiza uralensis Fisher, or Glucyrrhiza Korshinskyi
Grig. species. GA preparations exhibit various types of phar-
macological activity, including antiviral [1, 2] and antitumor
properties [3, 4]. Small doses of GA stimulate the production
of y-interferon both in vitro and in vivo [5, 6]. It was also re-
ported that GA and its derivatives are capable of inhibiting
HIV and Marburg viruses [7, 8].
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LR=R'=H,I:R=R'=K, I R=K,R'=H.

A convenient raw material for the synthesis of pure GA
is offered by glycyrram—a monoammonium salt of
glycyrrhizic acid, which is a commercially available
antiinflammatory compound [9]. Also well developed are the
schemes for isolating GA and glycyrram from a commercial
dry licorice root extract, with the product purification stage
employing domestic ion exchange resins [10, 11].
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The purpose of this study was to develop a convenient
method for obtaining high-purity (> 96%) crystalline GA
from its commercial monoammonium salt (technical
glycyrram). We employed a raw material representing tech-
nical glycyrram containing 75 £ 2% of the parent compound,
available from the Chimkentbiofarm corporation (Chimkent,
Kazakhstan).

Previously [12], we proposed a method for the synthesis
of technical GA from commercial glycyrram. According to
this technology, a glycyrram suspension in 75% aqueous eth-
anol is treated with cation exchangers (KU-2, KU-2-8, or
KSP-4p) in the H' form taken ina 1 : 1 (w/w) ratio. The sub-
sequent quantitative analysis by HPLC using a re-
versed-phase column showed that the obtained technical
glycoside contains no more than 75 +2% of glycyrrhizic
acid.

We propose two schemes for purification of the technical
glycoside obtained from commercial glycyrram:

Scheme 1

Cation .
exchanger (H') Technical 1. Acetone
75 %EtOH glycoside /5 1 5 o, KOR/EOH
. ﬂ» Technical
100 - 110 °C 1K-salt

Cation

exchanger (H")
75 %EtOH
GA content:
85—-87%

These schemes include the following main stages:

(1) Synthesis of technical glycoside from commercial
glycyrram with the aid of sulfoacid cation exchangers in the
H* form in 70 — 75% ethanol;

(2) Dissolution of technical glycoside in acetone;
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(3) deposition of tripotassium salt (3K-salt, 1I);

(4) conversion of 3K-salt into monopotassium salt
(1K-salt, IIT) by crystallization from fivefold (scheme 1) or
tenfold (scheme 2) volume of glacial acetic acid (AcOH);

(5) isolation of GA from 1K-salt.

Scheme 2

Cation
exchanger (H+) Technical \ 1. Acetone
75 %EOH glycoside /5 10 o5 KOH/MeOH
AcOH Technical 1% H,SO,
90 — 95°C 1K-salt 100°C

GA content:
92+2%

Recrystallization
from EtOH - H,O

1% H,S0,
0 12504
100°C

GA content:
97+2%

According to the first scheme, GA was isolated from
technical 1K-salt using sulfoacid cation exchangers (KU-2,
KU-2-8, KSP-4p, Dowex-50, or Amberlite IR-120) in the H*
form. The target glycoside yield was 70 — 72% (calculated
for 75% purity of the initial glycyrram). The GA content in
the product did not exceed 87% (HPLC data). The conver-
sion of 3K-salt into 1K-salt by crystallization from a fivefold
volume of AcOH is accompanied by considerable losses of
the target glycoside, because the salt solution preparation re-
quires heating the mixture above 100°C. Prolonged heating
of the 3K-salt in AcOH is accompanied by resinification of
the substance or by the O-acetylation reaction at the alcohol
groups of GA.

TABLE 1. The effect of Glycyrrhizic Acid on the Humoral Immu-
nity Response and Delayed-Type (DT) Cell Immunity Reaction

AFC number DT response® x 10 3
Prepa- Dose, p - —
ration mg/kg Per 10 Whole Negative  Positive
splenocytes spleen control® control®
Control 222+£25 27,280£227 0.25+0.04 0.45+0.04
GA 5 231+£21  25,265+210 0.52£0.02
p <0.05 (» <0.05)
25 223+19 20,750 £2010 0.54£0.03
(» <0.05)
50 375+38  32,235+2105 0.49 £ 0.05
(p<0.05) (p<0.05
200 184 +14 21,330+2120 0.56 £ 0.06

Notes: * Each test group contained 16 mice, and control groups con-
tained 60 mice; ° the negative control group was not subjected to the
sensitization treatment (only a challenging antigen dose); © the posi-
tive control group received both the model sensitization treatment
and the challenging antigen dose.

R. M. Kondratenko et al.

In order to increase the yield of 1K-salt, we doubled
(from five- to tenfold) the amount of AcOH used to convert
3K-salt into 1K- salt This allowed the crystallization process
to be carried out at a lower temperature (90 —95°C in
scheme 2) and increased the 1K-salt yield up to 85 — 90% of
the theoretical level. In order to increase the final product pu-
rity, we developed a new method for the synthesis of GA
from glycyrram and succeeded in obtaining the target
glycoside containing 97 + 2% of the parent compound.

According to this refined scheme, commercial glycyrram
containing 75 + 2% of GA (HPLC data) was treated with
sulfoacid cation exchangers (KU-2, KU-2-8, KSP-4p,
Dowex-50, or Amberlite IR-120 in the H" form) taken in a
1:1 (w/w) ratio. The process was conducted in 70 — 75%
aqueous ethanol at room temperature. The obtained technical
glycoside was dissolved in acetone and converted first to the
3K-salt (by adding a 10% alcohol solution of KOH) and then
to the 1K-salt by crystallization from a tenfold excess of hot
(90 — 95°C) glacial acetic acid. Acidification of this techni-
cal-purity 1K-salt with a 1% aqueous H,SO, solution yielded
a product containing 92 +2% of GA (with a yield of
62 — 64% calculated for ~75% glycyrram content in the ini-
tial raw material).

In order to obtain a final product of still higher purity, the
technical 1K-salt was triply recrystallized from an aqueous
ethanol solution. Upon treating this pure 1K-salt with a 1%
aqueous H,SO, solution at 100°C, followed by crystalliza-
tion at 4 — 8°C, we obtained high-purity finely crystalline
product containing 97 £ 2% of GA (HPLC data). The yield
of crystalline GA amounted to 63 —67% (calculated for
~T75% glycyrram content in the initial raw material).

The content of the parent compound (GA) in the prod-
ucts was determined by HPLC (Zorbax ODS reversed-phase
column) using a calibration curve constructed for a standard
GA sample of 99.9% purity (obtained by preparative chro-
matography).

The refined scheme 2 involves simple technological op-
erations and allows a high-purity target glycoside (97 = 2%
GA) to be obtained from either technical glycoside or a com-
mercial glycyrram. The initial scheme 1 provides for obtain-
ing the target glycoside with a purity of 87 + 2%. The prod-
uct yields calculated for the initial raw material of 75% pu-
rity are approximately equal.

The results of our biological tests showed that crystalline
GA possesses moderate immunotropic activity. Injected in a
dose of 50 mg/kg, GA reliably stimulated antibody forma-
tion in mice: the number of antibody-forming cells (AFCs)
increased by a factor of 1.6 (p <0.05). In a greater dose
(200 mg/kg), GA showed a tendency to inhibit antibody for-
mation. It was found that, irrespective of the dose, GA inhib-
its development of the delayed- type cell immunity reaction
(see Table 1).
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EXPERIMENTAL CHEMICAL PART

The IR spectra were measured on a Specord M-80
spectrophotometer (Germany) using samples prepared as
nujol mulls. The electronic (UV) absorption spectra were re-
corded on Shimadzu UV-365 (Japan) and Specord UV-400
(Germany) instruments using methanol solutions. The opti-
cal activity was determined on a Perkin-Elmer Model
241MS polarimeter (Sweden) equipped with a 10-cm tube
cell. The melting temperatures were determined in a Boetius
heating stage (Germany). TLC analyses were performed on
Silufol UV-254 plates and bonded silica gel L (5/40 um)
plates (Czech Republic). The spots were visualized by treat-
ing the TLC plates in a 20% phosphotungstic acid solution in
ethanol at a temperature of 110 — 115°C.

The '3C NMR spectra were measured on a Bruker
AM-300 spectrometer (Germany) operating at a working fre-
quency of 75.5 MHz in the wide-band and nonresonance
proton decoupling mode; DMF-d, was used as the solvent and
TMS, as the internal standard. HPLC analyses were carried out on
a Du Pont chromatograph (France) equipped with a
25 cm x 4.6 mm Zorbax ODS reversed-phase column. The column
was eluted with a mobile phase of CH,CN-H,0-CH,COOH
(35:65:0.5, vol.%) composition at a flow velocity of
1 ml/min. The UV detector was tuned to A = 254 nm.

1. Synthesis of Technical Glycoside.

la. A mixture of 25 g glycyrram, 25 g cation exchanger
(KU-2, KU-2-8, KSP-4p, Dowex-50, or Amberlite IR-120)
in the H' form, and 1 g activated charcoal in 350 — 400 ml of
70 — 75% aqueous ethanol was stirred at room temperature
until complete dissolution (~2 h) of the initial salt. Then the
exchange resin was separated by filtration and washed with
ethanol (30 — 50 ml). The filtrate was evaporated in vacuum
at 50 — 60°C. The resulting syruplike glycoside was dried in
vacuum at 100°C to constant weight. Yield of technical
glycoside (amorphous substance of a yellowish color),
23.5-245g (959-97.9% of theoretical value); [a]?,

+27 £ 2° (¢, 0.2; 50% EtOH); UV spectrum in 50% C,H,OH
(Vo IM): 250 (log €, 3.93); GA content, 75 * 2%.

1b. Treatment of a 50-g batch of glycyrram by a proce-
dure analogous to that described in la yielded 46.6 —48.6 g
(95.1 —99.2%) of technical glycoside.

1c. Treatment of a 100-g batch of glycyrram by a proce-
dure analogous to that described in la yielded 92-94 g
(94 — 96%) of technical glycoside.

2. Tripotassium GA Salt (II).

2a. Technical glycoside (23.5 g) was dissolved with stir-
ring and slight heating ( <45°C) in 200 ml of acetone. To
this solution was added a 10% KOH solution in ethanol to
pH 8 — 9. The yellow precipitate of technical 3K-salt was fil-
tered, washed with acetone (50 ml), and dried first in air and
then in a thermal box at 100 — 110°C to constant weight.
Yield of 3K-salt (yellow powder), 27.4 g (100%); T,

ecomp.’

280 — 285°C; [a]X, +40 + 2° (¢, 0.03; H,0) [13]; []2, +40°
(¢, 0.07; H,0).

2b. Treatment of a 48.6-g batch of technical glycoside by
a procedure analogous to that described in 2a yielded 55.3 g
(100%) of technical 3K-salt.

3. Monopotassium GA Salt (III).

3a. Tripotassium salt (27.4 g) was dissolved on heating
to 100 — 110°C in 140 — 145 ml of glacial acetic acid. The
solution was immediately filtered hot and allowed to crystal-
lize on standing at room temperature overnight. The precipi-
tated 1K-salt was separated by filtration, washed with etha-
nol, and dried to constant weight at 110 — 120°C to obtain
16.4 g (65.2%) of technical 1K-salt (III); [a]%)o, +40 + 2° (c,

0.04; 25% EtOH); IR spectrum (A, em 1) 3600 — 3200
(OH), 1710 (COOH), 1660 [C(11)=0], 1530 — 1500 (COO");
UV spectrum in 25% C,H,OH (&, nm): 255 (log ¢, 3.85).

3b. A 55.3-g batch of tripotassium salt was dissolved on
heating to 90 — 95°C in 550 — 600 ml of glacial AcOH, im-
mediately filtered hot, and allowed to crystallize at room
temperature overnight. The white precipitate of 1K-salt was
separated by filtration, washed with AcOH and ethanol, and
dried to constant weight to obtain 43.0-456¢g
(85.2 —90.3%) of technical 1K-salt (III); [a], +42 +2° (c,

0.02; 25% EtOH).

The obtained technical 1K-salt (45.6 g) was triply
recrystallized from an ethanol — water mixture (3 : 1, v/v) to
obtain 32.2 g of pure 1K-salt (63.7% of theoretical value);
[a]?, +50 £ 2° (¢, 0.03; 25% EtOH). UV spectrum in 50%

C,H,OH (., nm): 255 (log ¢, 4.05); C,,H, KO, - 2H,0.

3c. Treatment of a 92-g batch of technical 3K-salt by a
procedure analogous to that described in 3b yielded 75 g
(100%) of technical 1K-salt. Upon triple recrystallization
from an ethanol — water mixture (4: 1, v/v), the yield of
pure 1K-salt is 37.5 g.

4. Synthesis of Glycyrrhizic Acid from Monopotas-
sium Salt.

4a. A mixture of technical 1K-salt obtained as described
in3a (10 g), 5 g cation exchanger (KU-2-8 or KSP-4p) in the
H' form, and 1 g activated charcoal in 100 ml of 70 — 75%
aqueous ethanol was stirred at room temperature until com-
plete dissolution of the initial salt. Then the exchanger resin
and carbon were separated by filtration. The filtrate was
evaporated in vacuum at 50 — 60°C and the residue was dried
in vacuum at 50 — 60°C to constant weight. Yield of techni-
cal glycoside (amorphous substance of a yellowish color),
8.2—-8.4g; [a]h, +45 +2° (¢, 0.12; 50% EtOH); UV spec-
trum in 50% C,H,OH (A, nm): 250 (log ¢, 3.98); GA con-
tent, 85 + 2%; water content, 6.8 — 7.4%.

4b. A mixture of technical 1K-salt (10 g), obtained as de-
scribed in 3b, was heated for 20 min at 100°C with 100 ml of
1% stO " cooled down to room temperature, and allowed
to stand in a refrigerator (4 — 8°C) for 48 h. The white finely
crystalline precipitate of GA was separated by filtration,
washed with cold water to a neutral reaction, and dried at
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100°C to constant weight. The dry product was stirred with
100 ml of chloroform, filtered, and dried in vacuum again at
100°C to obtain 8.0 g (83.3% of theoretical value or 64.3%
as calculated for the 75% initial glycyrram); m.p.,
213 - 215°C; [a]%,o, +48 +2° (¢, 0.12; 50% EtOH); UV spec-
trum in C,H,OH (A, , nm): 250 (log &, 4.04); parent com-
pound (GA) content, 92 £ 2%; water content, 6.5 — 7.0%.

4c. A mixture of pure 1K-salt (10 g), obtained as de-
scribed in 3b, was heated for 20 min at 100°C with 100 ml of
1% H,SO,, cooled down to room temperature, and allowed
to stand in a refrigerator (4 — 8°C) for 48 h. The white finely
crystalline precipitate of GA was separated by filtration,
washed with cold water to a neutral reaction, and dried at
100°C to constant weight. The dry product was stirred for 1 h
in 100 ml of chloroform, filtered, and dried in vacuum again
at 100°C to obtain 7.8 g (81.2% of theoretical value or 62.7%
as calculated for the 75% initial commercial glycyrram);
m.p., 222 —223°C; [(x]%,o, +62 £2° (c, 0.03; EtOH); R, 0.2
(chloroform — ethanol, 3 : 1, silica gel L); 0.5 (butanol — ace-
tic acid—water, 6:1:3, silica gel L); 0.45 (chloro-
form — ethanol, 3:1, Silufol); 0.27 (chloroform — metha-
nol — water, 45 : 10 : 1, silufol). IR spectrum (A, cm”~ b:
3600 - 3200 (OH), 1716 (COOH), 1652 [C(11)=0]; UV
spectrum in C,H,OH (A, nm): 249 (log &, 4.05); 3C NMR
spectrum in DMF-d, (8, ppm): 199.80 (C-11), 178.33 (C-
30), 170.74 (C-13), 170.53 (C-6"), 170.39 (C-6"), 127.80
(C-12), 105.38 (C-1"), 104.16 (C-1"), 89.04 (C-3), 83.19
(C-2, 76.76 (C-3"), 76.59 (C-3"), 76.40 (C-5"), 75.60
(C-5"), 75.60 (C-2"), 72.23 (C-4"), 72.02 (C-4"), 61.76 (C-9),
55.06 (C-5), 48.68 (C-18), 45.42 (C-14), 43.68 (C-20), 28.55
(C-29), 28.27 (C-28), 28.11 (C-23), 23.27 (C-27), 18.61
(C-26), 16.39 (C-25), 16.14 (C-24); parent compound (GA)
content, 97 £ 2%; water content, 3.8 —4.2% [14]; [oc]%)o,

+60.4° (c, 1.5; EtOH) [15]; m.p., 228 — 230°C.

EXPERIMENTAL BIOLOGICAL PART

The effect of GA on the humoral immunity response and
delayed-type cell immunity reaction was studied on linebred
mice by the Gerney — Nordin method modified as described
in [16,17]. The synthesized GA was injected
intraperitoneally in a single daily dose of 25, 50, or
200 mg/kg during three days (the first injection was com-
bined with the immunization treatment). The test antigen was
represented by goat erythrocytes in the optimum dose [17].
The humoral immunity response was evaluated on the 5th
day by determining the number of AFCs in the spleen of im-
munized test animals. The cell immunity reaction on a de-
layed-type hypersensitivity model was evaluated by compar-
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ing the model foot edema growth in animals of the control
and test groups. The “negative” control group contained ani-
mals not subjected to the sensitization treatment (receiving
only a challenging dose of goat erythrocytes). Mice in the
“positive” control group received both the model sensitiza-
tion and the goat erythrocyte challenge.

Thus, we have developed a method for the synthesis of
high-purity (97 £2%) glycyrrhizic acid from commercial
glycyrram. In parallel, we propose a more efficient technol-
ogy for obtaining glycyrrhizic acid of purity 92 £ 2% [18].
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