S =

a8 .
\[ / harmacologyOnLine SR,

Archives . 2013 . vol.3 . 95-109

Isolation of some chemical constituents from licorice and their
evaluation as anticancer and antiviral agents

Manal Mortady Hamed"; Samir Mohamed EI-Amin’; Laila Abd-Elghany Refahy '; Amaal Mohamed Saad ’;

Wafaa Abd-Elfatah Mansour?, Hoda Mohamed Abu Taleb?; Mahmoud El-Ansary*
'Medicinal Chemistry Department, Theodor Bilharz Research Institute, Giza, Egypt
’Immunology Department, Theodor Bilharz Research Institute, Giza, Egypt
’Departement of Environmental Research, Theodor Bilharz Research Institute, Giza, Egypt
“Gastroenterology and Hepatology Department, Theodor Bilharz Research Institute, Giza, Egypt

“manalaymango@yahoo.com

Abstract

Ten compounds were isolated from the methanol extract of Glycyrrhiza glabra L., they were identified by
spectroscopic analysis as 2-(3',5'-dihydroxy phenyl- 4'-methoxy)-7-0-8-D-xylopyranosyl-6-methoxybenzofuran
[1], erosta-7,22-dien-3B,5a,6B,9a-tetraol [2], 5,2',4'-trihydroxy-8,3'-dimethoxy-2"-hydroxyisopropyl-
dihydrofurano [4,5:5',6']-flavanol [3], isolicoflavanol [4], 7-O-8-D-xylopyranosyl-(1—>4)-8-D-glucopyranosyl-6-
O-isobutyl isoflavone [5], licorice saponin L3 [6], lupinifolin [7], licochalcone B [8], isoliquirtin [9] and isoliqui-
ritigenin [10]. Compounds 1, 3 and 5 are new, while compounds 2 and 7 were isolated for the first time from
licorice. Eight compounds were evaluated for anticancer and antiviral activities; they were tested on three
cytokines of the human ascites fluid, TNF-alpha, Interferons-gamma and NO. All tested compounds showed
significant curative effect compared to control. Compound 8 showed significant decrease compared with
control (p<0.01) in both HCV and malignant HCV cases in the three cytokines of the human ascites fluid after
24 and 48 hours followed by compound 3.
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Introduction

Licorice is derived from the roots and rhizomes of
Glycyrrhiza glabra L. plant (family Fabaceae), it
grows in Europe, Middle East and Asia, and it has
been used by human being for at least 4000 years in
China, Egypt, India, Grease and Rome (1). The genus
name Glycyrrhiza is derived from the ancient Greek
word for sweet root (Gr. Glykos (Sweet) + rhiza
(root), which was later Latinized to liqurite and
eventually to licorice.

In traditional medicine it used as antiulcer (2),
antitumor (3), antibacterial (4) and antimicrobial
agent (5), it also used as flavoring sweetening
agent, demulcent, protective action for hepatotoxi-
city and expectorant (6). Administration of licorice
prevented liver cancer and helped in treating
stomach cancer (7). More than sixty phenolic
compounds were isolated from Glycyrrhiza species
(8).

Several oleanane type triterpenes were isolated
from the plant species (9). The chemical consti-
tuents of licorice include glycyrrhizin which is the
most active ingredient in licorice, it constitutes up
to 14% of the total soluble solids content and re-
sponsible for the characteristic sweet taste of the
licorice root, it is about 50-170 times sweeter than
sucrose but toxic at high dose, its aglycones,
glycyrrhetinic acid which isolated from the aqueous
extract is used in treatment of hyperlipemia, viral
diseases, inflammation and hepatotoxicity (10,11).

The ethanol extract of Chinese licorice root,
Glycyrrhiza uralensis showed estrogenic effect and
can inhibit cell proliferation in the MCF-7 human
breast cancer cell line (12). Flavonoides isolated
from the plant exhibit strong antioxidant and
anticarcinogenic activities (13).

In this study, ten compounds were isolated from
methanol extract of licorice and identified by using
chemical and spectroscopic analysis; eight isolated
compounds showed anticancer and antiviral activi-
ties tested on three cytokines of the human ascites
fluid, TNF-alpha, Interferons-gamma and NO.

Methods
Experimental

Equipment: 'H-NMR (& [ppm], J [Hz]) and "C-
NMR spectra were recorded in CD30D, operating at
500 MHz for proton and 125 MHz for carbon 13
spectrometer on Varian Mercury 500. Chemical
shifts (8) are reported in parts per million, using
TMS as internal standard. Mass spectra were
recorded on a Finnigan TSQ 700 GC/MS equipped
with a Finnigan electrospray source (ESI-MS). Paper
chromatography sheet Whattman 1 (Maidstone,
England), using 15 % Acetic acid as solvent system,
the chromatograms were visualized under UV light
Vilber Lourmat (VL -6LC France) at 254 and 365 nm.
Column chromatography was performed using a
glass column 120 x 7 cm and using polyamide 6S
(Riedel de Darmstadt, Germany) as a stationary
phase.

Plant material and Extraction

The dry powder of licorice plant (3 Kg) were
purchased from the local market and extracted by
70 % methanol for four weeks (9 L X 5 ), evaporated
under reduced pressure to give 90 gm of crude
methanol extract. 60 gm of the crude extract was
subjected to polyamide column chromatography
eluted with water, water: Methanol with gradient
ratios, then pure methanol. Fractions (250 ml each)
were collected and the similar fractions grouped
together according to paper chromatogram (PC).
Five groups [A-E] were collected. The first group [A]
contains sugar and traces of undetected com-
pounds. Compounds 1-3 were isolated from group B
(7.5 gm) with elution system 30 % Methanol, group
B subjected to Sephadex LH-20 sub-column eluted
with 30-60 % methanol to give compounds 1 (14 mg),
2 (20 mg) and 3 (33 mg). The group C (1.5 gm), (50%
methanol) gives compound 4 and purified with
crystallization with organic solvents [EtOAc and
Acetone] to give pure compound (50 mg).
Compound 5 was isolated from group D (2.3 gm)
with elution system 80 % methanol and purified on
sephadex LH-20 column chromatography eluted
with 60-80 % methanol to give (43 mg). Compound
6 (66 mg), was isolated from group E (1.9 gm) with

http://pharmacologyonline.silae.it
ISSN: 1827-8620



PhOL

12.Hamed et al.

97 (95-109)

pure methanol.

The separation processes were carried out by 2D-
PC and Co-C by using whatman No. 1 paper with 15%
aqueous AcOH (S1) and BIW ( n-BuOH/2-
propanol/H20, 4:1:5, organic layer) (S2) as solvent
systems for the pure compounds 1-6. 30 gm of the
crude methanol extract was subjected to silica gel
column chromatography eluted with chloroform,
chloroform: methanol with different ratios then
finally with methanol to give four fraction groups [I-
IV]. Compound 7 (35 mg) was isolated from fraction
I1 (1.3 gm) with elution system [CHCI3: MeOH, 50:50
v/v]. It was purified with organic solvent EtoAc.
Compound 8 (10 mg) obtained from fraction Il (0.9
gm) with elution system [CHCI3: MeOH, 20:80 v/v].
Compound 9 (24 mg) &10 (43 mg) was isolated from
fraction IV (2.6 gm) with pure methanol and subjec-
ted to silica gel [70-230 mesh, Merk] sub-column
using solvent system [CHCI3: MeOH, 20:80 v/v] to
pure methanol. For compounds 7-10, all the separa-
tion processes were followed up by Co-TLC with
solvent systems: [CHCI3: MeOH, 6: 4] (S3), [MeOH:
EtOAc: CHCI3: H20, 35:32:28:7] (S4) and [n-BuOH:
MeOH: H20, 4:1:1] (S5).

Acid hydrolysis

Glycoside compounds (2 mg) each was refluxed
in 10 ml of 2 N HCl for 4 hrs. The aglycone was
extracted with diethyl ether, and then evaporated
to dryness. The sugars in the aqueous layer were
identified by co-paper chromatography (PC) with
authentic samples using solvent system [n-
BuOH-AcOH-H20, 4:1:5, upper layer] by using
aniline phthalate spray as detection reagent.

Chemicals

Human IFN-gamma ELISA Kit and Human TNF-
alpha ELISA Kit were purchased from Koma Biotech
Inc. (Korea). Nitrate reductase (from Aspergillus
species), Silica gel 60 GF254 (Merck) for TLC, Silica
gel (70-230 mesh) (Merck) for column chromatogra-
phy, Sephadex LH-20 (Sigma), Whatmann filter
paper No.1 and 3 mm for paper chromatography
(Maidstone, England). Sulphuric acid (40%) Aniline
phthalate reagent, Phosphate Buffered saline

(Sigma), NADPH (Nicotinamide Adenine
Dinucleotide Phosphate) (Sigma), FAD (Flavin
Adenine Dinucleotide) (sigma), sulphanilamide and
N-(1-naphthyl) ethylendiamine in 5% H3PO4.

Patients

Two patients were included in this study. They
referred to the inpatient tropical medicine depart-
ment of Theodor Bilharz Research Institute [TBRI].
Their ages were 52 and 63 years old. The first
patient was diagnosed with hepatitis C (HCV), liver
cirrhosis and the second patient was diagnosed
with hepatocellular carcinoma (HCCQ), liver cirrhosis
and hepatitis C (HCV). The patients were subjected
to detailed history taking, clinical examination,
biochemical investigations, cystoscopy and biopsy.

Application of plant extracts to ascetic fluid
culture

-Culture of ascetic cells according to Kohler and
Milstein (1975) (14):

The ascetic fluids were obtained from TBRI
inpatient unit for patients suffered from HCV and
HCV with cancer. The obtained ascetic fluids were
centrifuged, supernatants were decanted, then
pellets were taken and resuspended in 1 ml com-
plete culture growth medium (SCM).

-Preparation of ascetic fluids complete medium
Reagents

RPMI, (Rose well Park Memorial Institute), 1640
medium (Sigma, Chem. Co, St Louis, MO, USA).
HEPES, (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (Seromed,
Biochrome KG, Berlin, Germany). Sodium bicarbo-
nate, Penicillin- Streptomycin (P/S), 10000 unites
(Sigma). L-glutamine (Gibco Lab, Grand Island, NY,
USA). Fetal calf serum (FCS) (Hyclone, Logan, Utah,
USA).

Method

Serum free medium prepared from RPMI 1640
medium PH 7.2-7.4 was supplemented with 20 ml/l
HEPES, 3 ml/l sod. bicarb. 7.5%, 10 ml/l P/S (10000
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units) and 10 ml/l L-glutamine. Fetal calf serum (FCS)
was heated inactivated at 56°C for 30 min and 20%
FCS were added to SFM.

The ascetic cells were cultured in growth medium
(consisting of FCS and SFM at about 1:10 ratio) with
starting cultures of 1X10° cells/ml in 24 wells culture
plates. 50 pg of each pure compound were dissol-
ved in serum free medium. The different com-
pounds were applied to the cultured ascetic cells
and dropped as 500 ul in each well and tissue
culture plates were incubated for 24 hours at 37°C
in humidified atmosphere with 5% CO2.

After this primary incubation period, 0.5 ml
aliquot from each well was removed by aspiration
and kept in vials at — 2°C then after another 24 hours
incubation at 37°C humidified atmosphere with 5%
C02, and aliquot of 0.5 ml was aspirated in vials and
freezed at -20°C. Immunological parameters were
applied for NO, IFN-y, TNF-a concentration in
ascetic fluids before and after 24 and 48 hrs incuba-
tion with pure compounds different dilutions, also
without plant application as control samples.

Nitrite assay

Ascites fluid sample were taken, collected in
sterile 50 ml tubes. Nitric oxide was assayed in
patient's ascites according to Tracey et al., (1995)
(15) NO concentrations were determined using the
Griess reaction with the following modification. Six
pl of ascites fluid were mixed with 44 pl pure water,
20 pl 0.31 M PBS (pH 7.5), 10 pl 0.86 mM NADPH, 10
pl 0.11 mM FAD, 10 pl Nitrate reductase (1 pl) in
individual wells for thour at room temperature in
dark. 200 pl Griess reagent and 20 pl Nitrate reduc-
tase from Aspergillus species was added to deter-
mine the concentration of both nitrites and nitrates
in ascites (uM/ml), since the enzyme reduces
nitrates to nitrites.

Absorbance was measured at 450 nm using a
Microplate reader and converted to NO concentra-
tions by using the following equation:

Concentration (pl)=0ptical Density x 200 (constant)

Gamma interferon assay

Interferon gamma was assayed in patient ascites
according to De maeyer et al., (1992) (16), using IFN-
gamma enzyme immunoassay kit (Koma Biotech
Inc. Korea). The plate washed three times using 300
pl of washing solution per well, the plate inverted to
remove residual solution. 100 pl of sample added to
well, covered and incubated at room temperature
for 2 hours. 100 pl of the diluted detection antibody
(0.25 pg/ml) added per well. 100 pl of the diluted
Color Development Enzyme (1:20) added per well,
incubated for 30 min at room temperature. 100 pl of
Color Development solution added to each well,
incubated at room temperature for a proper color
development (5-15 min). To stop the color reaction;
100 pl of the stop solution added to each well, using
a microtiter plate reader, the absorbance was read
at 450 nm wavelength.

Tumor necrosis factor alpha assay

Tumor necrosis factor-alpha was assayed in
patient ascites according to Damas et al., (1989) (17)
using TNF-alpha enzyme immunoassay kit (Koma
Biotech Inc. Korea). The plate washed using 300 pl
of washing solution per well, then 100 pl of sample
added to well, covered with sealer and incubated at
room temperature for 2 hours. 100 pl of the diluted
detection antibody (0.25pug/ml) added per well,
covered and incubated at room temperature for 2
hours. 100 pl of the diluted Color Development
Enzyme (1:20) was added per well. 100 pl of Color
Development solution added to each well, incuba-
ted at room temperature for a proper color develo-
pment (5-15 min). To stop the color reaction; 100 pl
of the stop solution added to each well. The absor-
bance was read at 450 nm wavelength.

Statistical analysis

Data were analyzed using the computer system
(STATA). One way analysis of variance (ANOVA) was
used to test the significance of difference between
multiple means for each cytokine. Scheffe’s test
was done to determine which group was responsi-
ble for the significant difference in the multiple
analyses.
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Results

2-(3',5'-dihydroxyphenyl-4'-methoxy)-7-O-B-D-
xylopyranosyl-6-methoxybenzofuran [1]:
Amorphous white powder, Rf=0.74 (S1), 0.70 (S2).
Positive ESI-MS : m/z 434.07 [M]" and m/z 301.53
[M- xylose], 'H NMR (500 MHz, DMSO-d6): § 3.57 &
3.33 (6H, s, 2 OMe), 6.95 (1H, s, H-3), 7.06 (2H, br's,
H-2',6'), 7.16 (2H, br s, H-5,8) and 4.09 (1H, d, J=7.0
Hz, H-1 xyl). ®C NMR spectrum show carbon-13
signals (table 1).

Ergosta-7,22-dien-3B,5a,6B,9a-tetraol [2]: White
powder, Rf=0.56 (S1), 0.51 (S2). Positive ESI-MS:
434.6 [M], 416.8, 327.8, 255.2, 192.4, 125.8. '"H NMR
(500 MHz, DMSO-d6): § 0.67 (3H, s, H-18), 0.82 (3H,
d, J=6.8 Hz, H-26), 0.85 (3H, d, J=6.4 Hz, H-27), 0.93
(3H, d, J=6.8 Hz, H-28), 1.10 (3H, d, J=6.8 Hz, H-21),
1.4 (3H7 S H'19)7 2.47 (1H’ dd’ 13'6’ 56 HZ; H'4eq);
3.52 (1H, dd, J=12.8, 13.6 Hz, H-4ax), 4.2 (1H, d, J=5.0
Hz, H-6), 4.4 (1H, br dd, 5.6, 12.8 Hz, H-3), 5.31 (1H,
dd, J=16.4, 8.0 Hz, H-22) and 5.04 (1H, dd, J=16.4, 7.6
Hz, H-23). ®C NMR spectrum (table 2).

5,2',4'-trihydroxy-8,3'-dimethoxy-2"'-
hydroxyisopropyl-dihydrofuranol[4,5:5',6']-flavanol
[3]: White needle crystals, Rf=0.65 (S1), 0.59 (S2).
Positive ESI-MS: m/z 448 [M+2H]*, 'H NMR (500
MHz, DMSO-d6): 6 6.91 (1H, d, J=8.4 Hz, H-6), 6.58
(1H, d, J=8.4 Hz, H-7), 8.4 (4'-OH), 3.23,3.33 (6 H, s, 2
OMe), 3.1 (t, H-2"), 4.3 (1H,d, J=7.5 Hz, H-3") and
1.19,1.6 (6 H, s, 4", 5" Me). ®C NMR spectrum (table
1).

Isolicoflavanol [4]: Amorphous yellow powder,
Rf=0.54 (S1), 0.49 (S2). Positive ESI-MS: m/z 355
[M+H]*. "H NMR (500 MHz, DMSO-d6): 6 1.45, 1.6 (6
H, s, 2 Me), 6.1 (1H,t, J=7 Hz, H-2"), 6.22 (1H, d, J=2
Hz, H-6), 6.55(1H, d, J=2 Hz, H-8), 7.01(1H, d, J=8 Hz,
H-5"), 7.91 (1H, d, J=2, 8 Hz, H-6') and 7.99 (1H, d, J=2
Hz, H-2").

7-0-B-D-xylopyranosyl-(1—>4)-B-D-
glucopyranosyl 6-O-isobutyl isoflavone [5]:
Crystalline powder, Rf=0.72 (S1), 0.67 (S2). Positive
ESI-MS: m/z 617.87 [M+H]", 486.40 [M +H —-xylose]’,
m/z 324.33 [M+H —(xylose + glucose)]*. "H NMR (500
MHz, DMSO-d6): § 8.25 (1H, s, H-2), 7.86 ( 1H, s, H-8),

7.94 (1H,s, H-5), 6.9-7.3 (5H, m, H-2',6'), 5.3 (1H, d,
J=7.6 Hz, H"-glu), 3.78 (2H, dd, J=14.5, 2 Hz, 2H-
6" glu), 4.02 (1H, d, J=4.6 Hz, H-1"' xyl), 3.73, 3.75
(2H, dd, J=12.2, 4 Hz, 2H-5"" xyl), 3.47 (m, H-4""), 3.31
(m, H-3"""), 3.24 (m, H-2""), 4.48 (2H, d, J=7.5 Hz, 2H-
1""), 5.58 (1H, t, J=7.2 Hz, H-2""), 1.19 (s, 3H-4"") and
1.23 (s, 3H-5""). 3C NMR spectrum (table 1).

Licorice saponin L3 [6]: Amorphous colourless
powder, Rf=0.77 (S1), 0.72 (S2). Positive ESI-MS: m/z
950.80 [M]", 706.87, 530.0, 528.4. '"H NMR (500
MHz, DMSO-d6): & 0.89, 0.96, 1.02, 1.16, 1.33, 1.43
(3H, S), 1.46 (3H, d, Rh), 2.01 (3H, s, acetoxyl CH3),
4.95 (1H, d, J=7 Hz, H-1"), 5.4 (1H, br s, H-1"") and 5.5
(1H, d, J=7.0 Hz, H-1""). BC NMR spectrum (table 2).

Lupinifolin [7]: Colourless crystals, Rf=0.57 (S3).
Positive ESI-MS: m/z 406 [M+H]*. 'H NMR (500 MHz,
DMSO-d6): & prenyl gp. 1.65, 1.66 (2 x 3H, s Me),
3.39 (2H, d, H-1"") and 5.5 (1H, t, H-2""), 6.3, 5.7 (each
1H, d, H-3", H-4") and 12.2 (1H, s, 5-OH). 3C NMR
spectrum (table 1).

licochalcone B [8]: Colourless needles, Rf=0.60
(S4). Positive ESI-MS: 287 [M+H]", 255. 'H NMR (500
MHz, DMSO-d6): & 3.5 (3H, s, OMe), 6.7 (1H, d, J=8
Hz, H-2', 6'), 6.8 (2H, d, J=8 Hz, H-5 & H-6), 7.22 (1H,
d, 8 Hz, H-5'), 7.56 (1H, d, J=15 Hz, H-a), 7.9 (1H, d,
J=15 Hz, H-B) and 8.1 (1H, d, J=8 Hz, H-3', 5").

Isoliquirtin [9]: Off-white amorphous powder,
Rf=0.71 (S5). Positive ESI-MS: m/z 418[M]*. 'H NMR
(500 MHz, DMSO-d6): 6 6.3 (1H, d, J=2 Hz, H-3'), 6.5
(1H, dd, J= 8, 2 Hz, H-5'), 6.8 (2H, d, J=8 Hz, H-3, 5),
7.5 (1H, d, J=15 Hz, H-a), 7.7 (2H, d, J=8 Hz, H-2, 6),
7.8 (1H, d, J=15 Hz, H-B) and 8.1 (1H, d, J=8 Hz, H-6").

Isoliquiritigenin [10]: White crystals, Rf=0.55 (S3).
Positive ESI-MS: m/z 257[M+H]". '"H NMR (500 MHz,
DMSO-d6): 6 6.2 (1H, d, J=2 Hz, H-3'), 6.5 (1H, dd, J=
8, 2 Hz, H-5'), 6.9 (2H, d, J=8 Hz, H-3, 5), 7.6 (1H, d,
J=15 Hz, H-a), 7.7 (2H, d, J=8 Hz, H-2, 6), 7.8 (1H, d,
J=15 Hz, H-B) and 8.0 (1H, d, J=8 Hz, H-6"). 3C NMR
spectrum (table 3).

Discussion

Much of recent research on licorice constituents
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has indicated that, the pharmacological importance
of phenolic compounds, together with saponins in
the main reason of medical importance of licorice.
Phytochemical investigations of the dry powdered
licorice roots have led to isolation of three new
compounds: 2-(3',5'-dihydroxyphenyl-4'-methoxy)-7-
O-B-D-xylopyranosyl-6-methoxybenzofuran  [1],
5,2',4'-trihydroxy,8,3'-dimethoxy-2""-hydroxyl
isopropyl dihydrofurano [4,5:5',6'] flavanol [3] and
7-O-B-D-xylopyranosyl-(1—>4)-B-D-glucopyranosyl-6-
O-isobutyl isoflavone [5], along with seven known
metabolites: ergosta-7,22-dien-3f3,50,6(,9a-tetraol
[2] which was previously isolated from Rhizopus
oryzae (18), isolicoflavanol [4] (19), licorice saponin
L 3 [6] (20), lupinifolin [7] was isolated from
Erythrina fusca and Derris reticulate (21,22), licochal-
cone B [8] (19,23), isoliquirtin [9] (20), isoliquiritige-
nin [10] (20), the structures were determined by
spectroscopic methods (ESI-MS, '"H NMR and "3C
NMR).

Compound 1 showed phenolic properties under
UV. Acid hydrolysis of the compound produced the
aglycone and xylose. 'H NMR spectrum showed
three singlet signals in aromatic region, one proton
of furan nucleus signal at & 6.95 (1H, s, H-3), two
protons & 7.16 (2H, br s, H-5,8) and two protons (B
ring) at 6 7.06 (2H, br's, H-2',6') [24]. It also showed
two singlet of two methoxy groups at & 3.57 and &
3.33 (6H, s, 2 x OMe). It showed anomeric doublet
at 8 4.09 (1H, d, J=7.0 Hz, H-1 xyl). *C NMR (table1)
showed 21 signals, 5 for xylose sugar moiety and 16
for the aglycone. It showed five oxygenated aroma-
tic carbons at & 143.1, 145.3, 148.1, 151.4 and 146.9.
The C NMR of aglycone signals similar to the
previously isolated compound 2-(3,5-
dihydroxyphenyl)-6-methoxy-7-hydroxybenzofuran
(24), but with addition of extra methoxy group
signal at & 151.4 which suggested to be at C-
4' according to the signal value at & 55.6 and the
shifted value at C-3', 5'. Positive ESI-MS give a
molecular ion fragment at m/z 434.07 [M]* and at
m/z 301.53 [M- xylose]. According to these data
compound 1 identified as 2-(3',5'-dihydroxyphenyl-
4'-methoxy)-7-0O-B-D-xylopyranosyl-6-
methoxybenzofuran.

Compound 3 showed phenolic properties, it
showed yellow color under UV don’t change after
spraying with ALCI3 which means presence of free
hydroxyl group at C-3. 'H NMR spectrum give only
two doublet signals in aromatic region at & 6.91 (1H,
d, J=8.4 Hz, H-6) and 6.58 (1H, d, J=8.4 Hz, H-7)
indicating presence of two neighbor protons in A-
ring and suggest that ring B is full substituted. A
sharp singlet signal at & 8.4 suggested presence of
4'-OH group and the chelated hydroxyl group at &
12.4 was consistent with a 5-Hydroxy flavone (25).
Two methoxy groups showed two singlets at & 3.23
and 3.33.'H NMR also showed signals at & 3.1 (t, H-
2"), 4.3 (1H, d, J=7.5 Hz, H-3"), two broad singlet at &
1.19 and 1.6 (2Me, s, 4", 5") which deduced to be
isopropyl dihydrofuran group (-CH,CH(O-
)C(CH3),(OH)) (26). *C NMR spectrum showed 22
signals, 15 of flavonoid skeleton, two methoxyls and
five of the remaining group, ?C NMR spectrum
(Table 1) suggest the substitution of attached
group. Positive ESI-MS showed a molecular ion at
m/z 448 [M+2H]" corresponding to molecular
formula C,,H,,0,,. According to the above data the
structure of compound 3 was 5,2',4'-trihydroxy,8,3'-
dimethoxy-2"-hydroxyisopropyldihydro-
furano[4,5:5',6']-flavanol. Compound 5 was isolated
from the butanol extract; it was consistent with
being a flavonoid glycoside from an initial color
reaction [blue changed to yellow after spraying
with ALCI3]. Acid hydrolysis with 2N HCI gives the
aglycone, glucose and xylose which identified by
comparison with authentic samples on PC chroma-
togram. ESI-MS spectrum showed molecular ion
fragment at m/z 617.87 [M+H]", 486.40 [M +H
-xylose]* and m/z 324.33 [M+H —(xylose + glu-
cose)]".

'H NMR spectrum showed a singlet signal at &
8.25 (1H, s, H-2) characteristic for a proton H-2 in
isoflavones (27). It also showed a singlet signal at &
7.86 (1H, s, H-8) and 7.94 (1H, s, H-5) (28). A broad
multiplet signal at § 6.9-7.3 (5H, m, H-2"-6") (29). A
signal at & 5.3 (1H, d, J=7.6 Hz, H"-glu) was assigned
to glucosyl anomeric proton, and suggested that
the glycosidic bond had a B-linkage (29). A signal at
6 3.78 (2H, dd, J=14.5, 2 Hz, 2H-6"" glu). A doublet at
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8 4.02 (1H, d, J=4.6 Hz, H-1"" xyl), at & 3.73 and 3.75
(2H, dd, 12.2, 4 Hz, 2H-5"" xyl) (30). One prenyl oxy
moiety at 6 4.48 (2H, d, J=7.5 Hz, 2H-1""), 5.58 (1H, t,
J=7.2 Hz, H-2""), 1.19 (s, 3H-4"") and 1.23 (s, 3 H-5"")
(25). These data with *C NMR (table 1) and those of
literature values suggested that compound 5 was
identified as 7-O-B-D-xylopyranosyl-(1—>4)-B-D-
glucopyranosyl-6-O-isobutyl isoflavone.

As a part of a search for compounds derived from
plants used as modulators of inflammation, antiviral
and anticancer agents, we have tested effects of
the eight isolated compounds from Glycyrrhiza
glabra L for their anticancer and antiviral effects on
three cytokines of the human ascites fluid, TNF-
alpha, Interferons-gamma and NO. TNF-a is produ-
ced by activated macrophages, fibroblast, and many
different cells and well characterized as one of the
important defense molecules of body with potent
pro-inflammatory effects (31).

The immunological parameters after treatment
with compounds were significantly decreased as
compared with control (p<0.01) after 24 and 48
hours [Tables 4-6]. So, IFN-y, TNF-a and NO, which
indicates that the inflammatory effect of those
cytokines was diminished due to the high effect of
the isolated compounds used in this study. The
explanation of those decreased results was due to
the regulation of induced apoptotic cell death and
inhibition of inflammation and tumorigenesis and
viral replication (32). Tables [4-6] showed (mean +
SD) the results of the effect of the isolated com-
pounds [1-8] on the three cytokine in the same case
after 24 and 48 hours. All the isolated compounds
showed significant decrease as compared with
control (p<0.01). These differences were statistically
significant by ANOVA test (F=0.003), but only
control cases as significantly different increase from
the other compounds in inter groups analysis using
scheffe's test (p<0.05). The comparison between
compound by groups and the significant difference
decrease IFN-y in HCV case at 24 and 48 hours and
controls are illustrated in figure (1). The mean level
of serum TNF- a was significantly higher in control
with active disease when compared with those with
different compound 8 (33.6%1.5 pg/ml versus

18.14%0.48 pg/ml (p<0.01)). It was also significantly
higher in compound 3 (33.6%1.5 pg/ml versus
19.0+0.5) (table 5). NO+HCV 24 hours and NO+HCV
48 hours were lower in compound 8 and compound
3 respectively (26.6+0.27, 27.6+0.48) than those in
the control group (42.5+2.5) (p<0.01) (table 6).

Compound 8 (licochalcone B) showed significant
decrease (higher effect) compared with control
(p<o.01) in both HCV and malignant HCV cases in the
three cytokines of the human ascites fluid after 24
and 48 hours followed by compound 3 (5,2',4'-
trihydroxy,8,3'-dimethoxy-2"-
hydroxyisopropyldihydrofurano [4,5:5',6']-flavanol).
These results may be due to excessive production
of NO in malignant HCV cases, since NO is induced in
macrophages that have antitumor activity through
the inhibition of DNA synthesis in tumor cells, which
may also induce apoptosis (33).

[3]
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Conclusion

Licorice is well known medicinal plant for a long
time; experimentally it was showed a wide variety
of biological activity. Searching for more new
secondary metabolites and biological activity, Ten
compounds were isolated from the methanol
extract of Glycyrrhiza glabra L., only three com-
pounds identified as 2-(3',5'-dihydroxyphenyl-4'-
methoxy)-7-O-Bf-D-xylopyranosyl-6-
methoxybenzofuran [1], 5,2',4'-trihydroxy,8,3'-
dimethoxy-2"-hydroxyisopropyldihydro-
furano[4,5:5',6']flavanol [3] and 7-O-B-D-
xylopyranosyl-(1—>4)-B-D-glucopyranosyl-6-O-
isobutyl isoflavone [5] are new compounds. Eight
compounds were evaluated for anticancer and
antiviral activities; they were tested on three
cytokines of the human ascites fluid, TNF-alpha,
Interferons-gamma and NO. All tested compounds
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No Compound 1 Compound 3 Compound 3 Compound 7
dc oc o oc
1 ] : i i
2 1545 156.4 151.96 778
3 102.8 133.7 124 45 441
4 1209 1794 17538 1957
5 1047 161.6 10490 1569
6 1453 1042 14774 103.6
7 1431 098 8 13441 160.3
2 942 136.4 095 1094
9 148 8 1545 15223 1593
1 - 105.9 117.81 102 9
1! 1324 110.9 1282 130.1
2 106.5 1585 1276 127.6
3/ 1481 1446 1287 1153
4 1514 1478 1304 155
5 1469 1461 1287 1165
&' 1073 158.5 1276 128 6
OMe 525,556 523 55.5 -
Isoprop.dih- -
Glu vdrofuran
1" 271 973
27 913 209
37 724 736
4" 26.2 815
5 251 78.0
6" - 625
Xyl
17 103.5 102.9
27 76.1 3.5 832
3° 778 781 1223
4" 703 T0.6 119.0
it 67.5 672 685
6" - 233
[ty 22.0
2 1235
3" 132:2
4™ 16.7
it 239
SN 120.1
i 25.9
ue 17.8

Table 1: *C NMR data of compounds 1, 3, 5 and 7.
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No Compound 2 Compound 6
Bc e
1 290 379
2 32.1 257
3 659 225
4 411 4335
5 752 552
6 733 179
7 1218 331
g 1408 400
8 735 46.6
10 402 36.1
11 220 238
12 362 1227
13 443 1444
14 509 400
15 228 263
16 2380 266
17 537 370
18 125 444
19 227 413
20 403 238
21 206 409
22 1359 5.7
23 1334 224
24 438 63.5
25 327 14.6
26 187 169
27 202 259
28 178 269
29 290
30 1815
COCH: 170.7,213
Gleouronic
1 1045
2 T80
3 740
4 726
s 776
& 1757
Ara
1 1027
2 781
3 765
4 702
2y 634
Eh
1 1015
2 724
3 9
4 750
B 700
6 18.1

Table 2: *C NMR data of compounds 2 and 6
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No Compound 10
be
1 125.7
2.6 130.6
3.5 115.7
4 158.9
I 112.8
2 163.6
3 102.4
4 165.5
5 107.8
6' 13201
o 117.6
p 143.6
B 190.9

Table 3: ®C NMR data of compound 10.

IFN-y IFN-y IFN-y IFN-y
in HCV in HCV in n
case case malignant | malignant
HCV case | HCV case
24h 48h 24h 48h
Control | 51.3+2.6 209117 80.7+3.0 44.7+1.9
Comp.1 | 42.2+0.27° | 23.3+0.22° | 70.0+0.07" | 39.8+0.11"
Comp.2 | 33.7+0.11% | 19.0+0.19" | 49.9+0.07" | 32.0+0.07"
Comp.3 | 25.8+1.1° 14.0+0.19% | 51.740.11% | 31.240.14"
Comp.4 | 34.646.2" 19.5+0.31% | 66.7+0.12% | 38.7+0.07"
Comp.5 | 46.75+1.9" | 28.2+0.14" | 74.6+0.13" | 39.8+0.18"
Comp.6 | 33.0+0.38" | 18.4+0.19" | 63.7+0.1° | 32.6+0.07"
Comp.7 | 29.0+0.34" | 15.2+0.2° | 67.0+0.1° | 32.5+0.16"
Comp.8 | 22.8+1.3" 12.5+0.4 | 44.8+0.13" | 28.8+0.06"

Table 4): Effect of Compounds 1-8 on IFN-y of human ascites fluid after 24 and 48 hours.
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TNF-a TNF-a TNF-a TNF-a
in HCV | in HCV | in in
case case malignant | malignant
HCV case | HCV case
24 h 48 h
24 h 48 h
Control | 33.6+ 1.5 21.9+0.8 52.1+2.3 35.5+1.3
Comp.1 | 27.7 +0.24" | 18.1+0.18" | 42.5+0.14" | 32.0+0.09"
Comp.2 | 21.9+0.35° | 13.0+0.11° | 37.64+0.88" | 29.5+0.17
Comp.3 | 19.0+ 0.5" 11.740.26" | 30.0+0.07" | 21.0+0.1"
Comp.4 | 21.840.97° | 14.1+0.37° | 38.640.12" | 25.1+0.17
Comp.5 | 27.6 +1.1° 18.07+0.73" | 45.0+0.2" | 33.0+0.09"
Comp.6 | 24.2+ 1.0° 18.0+0.32% | 34.44+0.08" | 28.4+0.11"
Comp.7 | 20.7+ 0.33" | 14.840.67° | 32.6+0.09" | 23.4+0.117
Comp.8 | 18.14+0.48" | 11.65+0.37" | 27.6+0.11" | 19.6+0.9"

Table 5): Effect of Compounds 1-8 on TNF-a of human ascites fluid after 24 and 48 hours.

*Significant differences decrease as compared with control p<0.01

NO NO NO NO
In HCV in HCV in in
case case malignant | malignant
HCV case | HCV case
24 h 48 h
24h 48h
Confrol | 42.5+£2.5 33.5+1.1 | 455+1.3 | 36.2+1.6
Comp.1 |33.5+1.1° |26.0+0.8" | 32.5+0.16" | 27.0+0.17"
Comp.2 |29.8+0.06" | 23.940.17" | 35.0+0.017 | 26.4+0.11"
Comp.3 | 27.6+0.48" | 24.5+0.22" | 30.0+0.07" | 24.4+0.12°
Comp.4 | 30.0+0.74" | 25.940.18" | 35.0+0.13" | 26.6+0.01"
Comp.5 |37.2+1.5" 29.2+0.8° | 43.0+0.2° | 30.6+0.09"
Comp.6 | 30.7+1.9" 25.0+1.1° | 28.0+0.16" | 24,6+0.13"
Comp.7 |27.8+0.06° |23.7+0.2° |28.5+0.07° | 27.5+0.15"
Comp.8 |26.6+0.27° |23.8+0.11% | 28.2+0.2% | 25.3+0.08"

Table 6): Effect of Compounds 1-8 on NO of human ascites fluid after 24 and 48 hours.

*Significant differences decrease as compared with control p<0.01
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