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ABSTRACT KEYWORDS
Seventeen phenolic compounds were defined from the methanol extract of Glycyrrhiza glabra;
licorice roots (Glycyrrhizia glabra L.) by chromatographic methods. Phenolic:
Efficiency of the methanol extract of licorice roots as anticancer agent for Antitumor:
breast, colon and liver was tested. The results showed that the IC_; of the Antioxidant:
extract was 28.1ug / ml for anti-colon cancer and 31.3pug/ml for anti-breast Antimicrobidl..

cancer, whileit was 3.42ug/ml for anti-hepatic cancer. The antioxidant activity
was measured by DPPH radical scavenging method. This extract showed
strong antioxidant activity against DPPH as compared with vitamin C.
Antimicrobial activity of the methanol extract of licorice roots was studied
against three bacterial and four fungal strains at concentration 0.1ml and
0.3ml (10mg/1ml)). The extract showed strong inhibitory effect for most

speciesat concentration 0.3ml.

INTRODUCTION

The licorice (Glycyrrhizia glabra L., family
Leguminosae) plant hasalong and storied history of
use in both Eastern and Western cultures pre-dating
the Babylonian and Egyptian empires3. Thereare
about 30 speciescontainingin Glycyrrhizagenusal over
theworld®. In Chinesetraditional medicine, licorice
(Gan Cao) remains one of the ol dest and most com-
monly prescribed herbsand hasbeen used in thetreat-
ment of numerousailmentsranging fromtuberculosisto
peptic ulcers™. Licoricehasheld claim for thergpeutic
usefor fevers, liver allments, dyspepsia, gastric ulcers,
sorethroats, asthma, bronchitis, Addison’s disease and
rheumatoid arthritisand has been used asalaxative,
antitussiveand expectorant>”. Amongitsmost conss-
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tent usesareasademul cent for thedigestive system, to
treat coughs, to soothe sorethroats, and asaflavoring
agent. According to Duke®, thetobaccoindustry isthe
primary user of licoricederivativesintheUnited States,
withtheremainder equally divided among thefood and
pharmaceutical industries.

Therootsof Glycyrrhizaglabral., haveantacid,
anti-ulcer™, anti-inflammeatory, expectorant, diuretic™,
antimicrobial®3, anxiolytic*¥, anticonvul sant™ and
memory enhancing!™® activities. Licoricepasteisthe
preferred form for flavoring tobacco*® whereaslico-
ricepowder is preferred for confectionery and phar-
maceuticals. Recently, wild Glycyrrhizabecamelimited
because of over-collection. With the decline of re-
sourcesof wild Glycyrrhiza, cultivated Glycyrrhizaplants
becamean additiona resourceand areanticipated from
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the standpoint of conserving thenaturd environment!*”,
RESULTSAND DISCUSSION

Investigation of thephenolic compoundswasdone
by fractionation of theextract, over polyamide column
and dutionwith methanol/biditilled water, and then sub-
jected torechromatography for severa timesledtothe
separation of seventeen pure phenolic compounds. The
structure of these compoundswas confirmed by com-
parison of their physica and spectrd datawith thoseof
reported compounds. (1) Protocatechuicacid (C,H,O,,
52mg), (2) Vanillic acid (C,H,O,, 55mg), (3) benzoic
acid (C H,0,, 70mg), (4) quercetin-3-O-a-rhamnosyl
(1->6)-B-glucoside (Rutin) (C,H, O,., 84mg), (5)
Quercetin 3-O-a-rhamnoside (Quercetrin)
(C,,H,,0,,, 52mg), (6) Naringenin 7-O-
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glucopyranoside (liquiritin) (C,,H,,O,, 105mg), (8)
Ferulic acid (C H, O,, 15mg), (9) p-coumaric acid
(C,H0O,, 19mg), (10) Cinnamic acid (C,H,O,,
17mg),11) Myricetin (C .H, O, 15mg), (12) Quer-
citin (C.H,,0,, 90mg), (13) Kaempferol (C H, O,,
10mg), (14) Apigenin (C H, O,, 29mg), (15) 5,7,4’-
trihydroxyflavanone (Naringenin) (C .H,,0,, 19mg),
(16) (29)-4',7-dihydroxyflavanone 4'-O-B-D-
glucopyranoside(Liquiritin)(C .H,,0,, 35mg) and (17)

FHavone (CH, 0,,12mg).
Antitumor activity

Thepotentid cytotoxicity activity of themethanolic
extract of licoricerootswastested against threehuman
cell lines[HEPG2 (liver carcinomacell line), MCF7
(breast carcinomacell line) and HCT 116 (colon carci-
nomacell line)] by SRB (Sulphorhodamine-B) assay.
Theresultsshowed that the extract has strong activity
againg al cdl linestested. Theantitumor activity of the
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tested extractissummarizedin Figure 1.ThelC, val-
ues (the concentrations of thymoquinonerequired to
produce 50% inhibition of cell growth) of the extract
against each cell [ineswere28.1ug/ml, 31.3 png/ml
and 3.42ug/ ml for HCT116, MCF7 and HEPG2, re-

Spectively.
Antioxidant activity

The DPPH scavenging activity of themethanolic
extract of licoricerootsissummarizedin Figure 2. It
was observed that the scavenging activity of theextract
at al concentrations (25, 50 and 100u.1) is rather strong
(32.6-72.3%) as compared with vitamin C. There-
markabl e antioxidant activity of methanolic extract of
licoriceroots might be dueto the higher concentration
of phenolic compounds. IC_ valuefor the methanolic
extract = 64ug/ml, while for vitamin C =17pg/ml.

Antimicrobial screening

Antibacterial activity

Datain Figure 3 evduatethat themaximuminhibi-
tory responsesareindicated after thetreatment of E.
coli. and Salmonella typhi with highest concentration
of theextract (0.3ml), whilethemoderating inhibitory
response after the treatment of E. coli., and Salmo-
nella typhi with normal concentration of the extract
(0.1ml).Ontheother hand, Saphyllococcusaureushad
the highest resistance speciesto theextract at concen-
tration 0.3 ml and noinhibitory effect a concentration
0.1ml.

Antifungal activity

The extract showed strongly inhibitory activity
against Trichoderma sp.at 0.3ml concentration and
moderated inhibitory activity for Fusariumand peni-
clliumsp.,whilea 0.1ml concentrationdl fungd srains
showed noinhibitory activity asshownin Figure4.
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EXPERIMENTAL

Plant material

Licoriceroots (GlycyrrhizaglabraL.) 2kg were
provided from Lotus Company (Sekem Group, Egypt).
Thetaxonomicidentification of plant materid wascon-
firmed by Botany Department, Faculty of Science,

Zagazig University (Egypt).
Physical tests
Ultra-violet spectrophotometricanalysis

Chromatographically, purematerial sdissolvedin
anaytically puremethanol were subjected to UV spec-
trophotometricinvestigationin4 ml capeacity quartz cdls
Zeiss spectrometer PMQ-I1. In case of flavonoids,
AICI, AICI/HCI, fused NaOAc/H,BO, and NaOMe
reagentswere separately added to methanolic solution
of theinvestigated material and UV measurementswere
then carried out®.

Nuclear magneticresonance spectr oscopic analy-
Sis

NMR spectrawere measured on Jeol ECA 500
MHz NMR Spectrometer at National Research Cen-
ter, Dokki, Cairo, Egypt. 1H chemical shifts(d) were
measured in ppm, relativeto dmso-d6 and converted
toTMSscde.

Mass spectrometric analysis

Theisolated pure compounds were subjected, in
most casesto Fast Atom Bombardment (positiveand
negative) mass spectroscopicanaysis(FAB-MS) on
MM 7070 E spectrometer (VG andy ticd). Someother

compounds were subjected to el ectron spray ion-
ization mass spectroscopicandysis(ESI-MS) aVarian
Matl 12-ET Spectrometer. All measurements were
carried out at Institute Fur Chemie, Humboldt
Univerdtat zuBerlin, Germany.

Extraction and isolation

500gmfromdried dovebudsexhaustively extracted
under reflux over awater bathwith 5 litersof ametha:
nol / bidistilled water (3: 1) mixturefor 3 hours. The
solvent wasremoved under reduced pressureat about
45°C. The residual finally yielded 30 gm of a sticky
dark brown material.
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Fractionation of the extract, (30 gmdissolvedin
100 ml agueous methanol 3:1) over Sephadex LH-20
(200 gm) column (150 X 4.5 cm) and elution with
methanol/bidistilled water mixturesof decreasing po-
laritiesfor gradient el ution led to the desorption of sex
individud fractions(I-VI) which weredried, individu-
aly, invacuum, and then subjected to rechromatography
for severd timesto obtain apure phenolic compounds.
The structure of these compoundswas confirmed by
comparison of their physica and spectrd data

Extraction and isolation

Thedriedrootsof G glabra (2.0kg) were exhaus-
tively extracted under reflux over awater bath with 10
litersof amethanol / bidistilled water (3:1) mixturefor
3hours. Thesolvent wasremoved under reduced pres-
sureat about 45°C. Theresidud finally yielded 60g of
asticky dark brown materid. Fractionation of theex-
tract, (30g dissolvedin 100 ml agueous methanol 3:1)
over Sephadex LH-20 (200g) column (150 X 4.5cm)
and e ution with methanol/biditilled water mixtures of
decreasing polaritiesfor gradient e utionled to thedes-
orption of sex individual fractions (I-VI) whichwere
dried, individudly.

Fraction I: TDPC of the material of thisfraction
showed the presence of freereducing sugarsidentified
by means of CoPC.

Fraction|l: Compound (1): *H-NMR (DMSO-d):
8 6.85(d, J=8Hz, H-5), 7.45(dd, J=8& 2Hz, H-6) and
7.5(d, J=8Hz, H-2). C-NMR (DMSO-d,): &
122.8(C-1), 115.6(C-2), 150.7(C-3), 145.5(C-4),
117.4(C-5), 123.6(C-6) and 168.2(C=0). Compound
(2): BC-NMR (DMSO-d,): & 126.41(C-1),
119.51(C-2), 151.59(C-3), 151.92(C-4), 115.49(C-
5), 127.66(C-6), 57.99(0-Me), 170.98(C=0). Com-
pound (3): *H-NMR (CDCl,): § 12.9 (S, Heppoi0):
8.20(d, H-2 and H-6), 7.83(m, H-3 and H-5) and
7.4(m, H-4).

Fraction I11: Compound (4): *H-NMR (DM SO-
d,): 8 (ppm) Quercetin moiety: 6 6.18(d, J=2.5Hz, H-
6), 6.37(d, J=2.5 Hz, H-8), 7.55(d, J=2.5 Hz, H-2),
6.85(d, J=8Hz, H-5"), 7.56(dd, J=2.5 and 8Hz, H-
6"). Glucose moiety: 6 5.32(d, J=8 Hz, H-1"), 3-
3.75(m, Hz, H-2" and 6"), 4.35 (broad s, Av, = 4).
Rhamnose moiety: 6 3-3.75(m, H-1"’, H-2"” and H-
5”), 0.97(d, J=6Hz, CH,-rhamnose). *C- NMR
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(DMSO-d,): Quercetin moiety: § 156.5(C-2),
133.3(C-3), 177.4(C-4), 161.3(C-5), 98.8(C-6),
164.1(C-7), 93.6(C-8), 156.7(C-9), 104.0(C-10),
121.6(C-1, 115.3(C-2'), 144.8(C- 3), 148.5(C-4),
116.3(C-5), 121.2(C-6"). Glucose moiety: 6 101.2(C-
1), 74.1(C-2"), 76.5(C-3"), 70.0(C-4"), 75.9(C-5"),
67.5(C-6"). Rhamnose moiety: 5 100.8(C-1"),
70.4(C-2"), 70.6(C-3""), 71.9(C-4""), 68.3(C-5"),
17.85(CH -rhamnose). Compound (5): UV (MeOH):
A = 259, 297nm, 348nm.Ms (m/z): 449.1[M* + 1,
22.8%)].'H-NMR (DM SO-d,): Quercetin moiety: 6
6.17(d, J=2.5 Hz, H-6), 6.36(d, J=2.5Hz, H-8),
7.256(d, J=2.5, H-2"), 6.82(d, J=8 Hz, H-5),
7.251(dd, J=2.5 and 8Hz, H-6"). Rhamnose moiety: 6
5.20(Av,,=4Hz, H-1"), 3.1-3.9(m, overl apped with
water proton resonances, H-2" and H-6"). ®*C-NMR
(DMSO-d,): Quercetin moiety: § 156.9(C-2),
134.6(C-3), 178.2(C-4), 161.7(C-5), 99.19(C-6),
164.7(C-7), 94.15(C-8), 157.8(C-9), 104.5(C-10),
121.2(C-1"), 115.9(C-2), 145.7(C-3"),148.9(C-4),
116.1(C-5"), 121.6(C-6"). Rhamnose moiety: 6
102.2(C-1"), 70.8(C-2"), 71.1(C-3"), 71.6(C-4"),
70.5 (C-5"), 18.01(CH,). Compound (6): UV
(MeOH) & __ =317, 279 nm. '*H-NMR (CD,0OD): &
7.37(d, H-2' and H-6"), 6.85(d, H-3' and H-5),
6.23(d, H-6), 5.48(d, H-8), 5.41(dd, H-2), 3.8(dd,
H-3a), 2.69(dd, H-3b), 5.12 (d, H-1"), 3.1-3.65 (m,
H-2" and 6"), 3.1-3.65(m, H-1", H-2"" and H-5"").
Compound (7): UV (MeOH) A =313, 276 nm. *H-
NMR (CD,OD): 6 7.74 (d, J=8.8, H-5), 7.44 (d,
J=8.4, H-2' and H- 6"), 7.15(d, J=8.4, H-3' and H-
5", 6.51(dd, J=8.8 and 2.0, H-6), 6.37 (d, J=2.0, H-
8),5.45(dd, J=12.8 and 2.8, H-2), 4.95(d, J=7.2, H-
1), 3.91 (dd, J=12.0 and 1.6, H-6"a), 3.71(dd,
J=12.0 and 5.6, H-6"b), 3.04(dd, J=16.8 and 12.8,
H-3a), 2.73(dd, J=16.8 and 2.8, H-3b).*C-NMR
(CD,OD): 6193.0 (C-4), 166.6 (C-7), 165.2(C-9),
159.0(C-4), 134.3 (C-1), 129.7(C-5), 128.7(C-2'
and C-6'), 117.7(C-3' and C-5'), 114.9(C-10),
111.7(C-6), 103.7(C-8), 102.1(C-1"), 80.6(C-2),
78.1(C-5"), 77.9(C-3"), 74.8 (C-2"), 71.3(C-4"),
62.5(C-6"), 45.0(C-3).

Fraction IV: Compound (8): *H-NMR (DM SO-
d,): 83.81(s, CH,), 6.69 (d, H-a), 6.18(d, H-5), 7.10
(d, H-6)7.30 (s, H-2), 7.52(d, H-B). Compound (9):
'H-NMR (DMSO-d)): 8 6.2 (d, J=15Hz, H-a),
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6.72(d, J=8Hz, H-3 and H-5), 7.32 (d, J=8 Hz, H-2
andH-6), 7.52(d, J=15Hz, H-B). Compound (10): *H-
NMR (DMSO-d)): 6 6.46(d, H-o), 7.40 (t, H-3 and
H-5), 7.42(t, H-4), 7.557 (d, H-2 and H- 6), 7.806
(d, H-B).

FractionV: Compound (11): UV (MeOH): &, =
265, 376 nm.Ms (m/z): 317.0 [M- - H, 100%)].*H-
NMR (DMSO-d)): 6 6.18(d, J=2.5 Hz, H-6), 6.34(d,
J=2.5Hz, H-8), 7.24(s, H-2’&H-6"). Compound (12):
UV (MeOH): A __ = 255, 268, 370nm.Ms (m/z):
300.8[M" - H, 100%].'"H-NMR (DMSO-d,): &
6.19(d, J =2.5, H-6), 6.4(d, J =2.5, H-8), 7.64(d, J
=2.5, H-2"), 6.88(d, J =8.5, H-5%), 7.53(dd, J
=2.5& 8.5, H-6").*C-NMR (DM SO-d,): 5 147.0(C-
2), 135.8(C-3), 176.2(C-4), 160.5(C-5), 99.2(C-6),
164.0(C-7), 93.7(C-8), 156.4(C-9), 103.5(C-10),
122.2(C-1'), 115.3(C-2), 145.1(C-3)), 148.0(C-4),
115.6(C-5") and 120.2(C-6"). Compound (13): UV
(MeOH): A =268.Ms(m/z): 285.1[M" - H, 100%].
'H- NMR (DMSO-d)): 6 6.4 (d, J=2.5, H-8), 6.18
(d, J=2.5, H-6), 8.14 (d, J=8, H-2' and H-6'), 6.89
(d, J=8, H-3' and H-5). *C-NMR (DMSO-d,): &
146.8(C-2), 135.4(C-3), 175.9(C-4), 161.0(C-5),
98.6(C-6), 164.2(C-7), 93.8(C-8), 156.4(C-9),
103.7(C-10), 121.9(C-1), 129.9(C-2' and C-6"),
115.8(C-3' and C-5) and 159.5(C-4").

FractionVI: Compound (14): UV (MeOH): 2, _ =
266, 335nm.Ms (m/z): 270.2[M*, 100%)].*H-NMR
(DMSO-d)): & 6.18(d, J=2.5Hz, H-6), 6.47(d,
J=2.5Hz, H-8), 6.77(s, H-3), 6.92(d, J=8Hz, H-3 and
H-5", 7.93(d, J=8Hz, H-2' and H-6").2*C-NMR
(DMSO-d)): 6 163.8(C-2), 102.8(C-3), 181.5(C-4),
161.3(C-5), 98.7(C-6), 163.6(C-7), 93.9(C-8),
157.2(C-9), 103.6(C-10), 121.1(C-1"), 128.3(C-2' and
C-6), 115.8(C-3' and C-5) and 161.4(C-4'). Com-
pound (15): UV (MeOH) A= 307.54 nm. *H-NMR
(CD,0D): 6 7.39(d, H-2' and H-6), 6.78(d, H-3' and
H- 5), 5.98(dd, H-6), 5.47(d, H-8), 5.41(dd, H-2),
3.7(dd, H-3a), 2.72(dd, H-3b). Compound (16): UV
(MeOH) A=313,276 nm. ‘H-NMR (CD,0D): 5 7.72
(d, J=8.8,H-5), 7.31(d, J=8.4, H-2' and H-6'), 6.81(d,
J=8.4, H-3' and H- 5'), 6.47(dd, J=8.8 and 2.0, H-6),
6.34(d, J=2.0, H-8), 5.35(dd, J=13.2 and 2.8, H-2),
3.04(dd, J=16.8and 13.2, H-3a), 2.67(dd, J=16.8 and
2.8, H-3b).*C-NMR (CD,0OD): & 193.4(C-4),
166.6(C-7), 165.4(C-9), 158.8(C-4'), 133.8(C-1),
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129.7(C-5), 128.9(C-2, 6, 116.2(C-3',5), 114.8(C-
10), 111.6(C-6), 103.7(C-8), 81.0 (C-2), 44.9(C-3).
Compound (17): UV (MeOH): &, __ =251.2,294nm.Ms
(m/2): 224.2[M" + 2, 2.3%]."H-NMR (DM SO-d,): &
6.79 (s, H-3), 4.36-8.06 (severd multipletsassignable
to the remaining protons). *C-NMR (DMSO-d,): 6
163.2(C-2), 107.38(C-3), 177.74(C-4), 126.31(C-5),
125.7(C-6), 134.46(C-7), 118.74(C-8), 156.2(C-9),
123.86(C-10), 126.65(C-2' and C-6'), 129.41(C-3’and
C-5), 131.6(C-4).

SRB assay of cytotoxic activity

Humantumor cell lineswereobtained frozeninlig-
uid nitrogen (-180 °C) from the American Type Cul-
tureCollection. Thetumor cell linesweremaintainedin
the National Cancer Institute, Cairo, Egypt, by serid
sub-culturing. Measurement of potentid cytotoxicity ac-
tivity of methanolic extract of licoricerootsagainst the
liver carcinomacdll line(HEPG2), colon carcinomacell
line (HCT116) and breast carcinomacell line(MCF7)
wastested by SRB (Sulphorhodamine-B) assay using
the method of*8. This experiment was conducted in
theNationa Cancer Ingtitute, Cairo, Egypt.

DPPH assay

Thefreeradica scavenging effect of plant extracts
was assessed by the decol ouration sol ution of DPPH
radical accordingto Letelier et al.™ in Faculty of Ag-
riculture Research Park— Cairo University (FARP). This
assay wasredlized essentially by the method described
by Joyeux et al.[*% and modified by Viturroet al .24,

Antimicrobial activity

Strains were obtained from the bacteria stock
present at the Research Laboratory of bacteriology,
Faculty of Science, Zagazig University. Gram-podtive
and Gram-negative bacteriaspeciestested were E. coli
(KQ103), Saphyllococcus aureus (LC405) and Sal-
monella typhi (RS57) and fungi species (Laboratory
collection strains) were Fusarium
oxysporum,Aspergillus niger, Penicillium sp. and
Trichoder ma sp. Themethanolic extract was dissolved
in Dimethylforamide (DMF) for antimicrobia investi-
gation at thefinal concentration of (10mg/ 1 ml).

Antibacterial activity
Invitro antimicrobia assay of the methanolic ex-

= Fyl) Paper

tract was carried out according to pour platetechnique
at two concentrations 0.1ml and 0.3ml (10mg/1ml).
Culturing and incubated of different bacteriaspecies
werecarried out at 37 °C for 24 hours. After the elapse
of incubation periods, the diameter of inhibition zones
was measured?,

Antifungal activity

CzepakDox mediausadfor cultivation of fungd soe-
cies. Themedium was seeded with different fungd spe-
cies. After solidification of mediaon plates, makepores
inagar with cup-borer (15mm) diameter. Two concen-
trations0.1ml and 0.3ml (10mg/1ml) of themethanolic
extract weretranderred intothewd l. Dimethyl foramide
(DMF) was used only as a control. The plates were
incubated for 7 daysat 30°C. The inhibition zone formed
by the extract agai nst the particular test fungal strain
determined astheantifunga activitiesof theextract.

CONCLUSIONS

Theoverall resultsof thisstudy indicate that the
methanolic extract of licorice represent a potential
source of plant drugs. So, we can deduce that the
methanolicextract of licoriceagppeared to be promising
choiceto be considered as antioxidant and antitumor
medicines.

REFERENCES
[1] GFenwickie, J.Lutomski, C.Nieman; Liquorice,
Glycrrhizaglabra L. composition, uses and analy-
sis, Food Chem., 38(2), 119-143 (1990).
A.Olukoga, D.Donaldson; Historical perspectives
on heath, Thehistory of liquorice: the plant, itsex-
tract, cultivation, commercidization and etymol ogy,
Journal of the Royal Society of Health, 118, 300-
304 (1998).
J.Z.Zhang, W.Y.Gao, Y.Gao, D.L.Liu, L.Q.Huang;
Analysis of influences of spaceflight on chemical
congtituentsinlicorice by HPL C-ESI-MS/MS. Acta
Physiol.Plant, 33, 2511-20 (2011).
K.C.Huang; The Pharmacology of Chinese Herbs,
CRC Press, Inc, Boca Raton, FL, 275-278 (1993).
Anon; Glycyrrhiza glabra, Alternative Medicine
Review, 230-237, 10 (2005).
V.Schulz, R.Hnnsel, V.E.Tyler;

[2]

(3]

[4]
[5]
[6]

Rational

- @W CHEMISTRY

Hn Tndéan g%wumé



416

Anti-tumor, antioxidant and antimicrobial and the phenolic constituents of Glycyrrhizaglabra

OCAIlJ, 10(10) 2014

Full Paper ==

Phytotherapy, A Physicians’ Guide to Herbal Medi-
cine. Springer-Verlag, Berlin, Germany, 160-187
(1998).

[7] Z.Y.Wang, M.Athar, D.R.Bickers; Licoriceinfoods
and herbal drugs: Chemistry, Pharmacol ogy, Toxi-
cology and uses. In: GMazza, B.D.Oomah, (Eds);
Herbs, Botanicals & Teas. Technomic Publishing
Co. Inc, Lancaster, PA, 321-353 (2000).

[8] J.A.Duke; CRC Handbook of Medicinal Herbs.
CRC Press, Inc, Boca Raton, FL, 215-216 (1985).

[9] J.B.Harborne; The Flavonoids: Advances in Re-
search, Chapman and Hall, London, (1982).

[10] H.Hikino; Recent research on oriental medicinal
plants, In: H.Wagner, H.Hikino, N.R.Farnsworth,
(Eds); Economic and medicinal plant research, Lon-
don Academic Press, 53 (1985).

[11] S.Shibata; A drug over the millennia: pharmacog-
nosy, chemistry and pharmacology of licorice.
Yakugaku Zasshi, 120, 849-862 (2000).

[12] T.Fukai, A.Marumo, K.Kaitou, T.Kanda, S.Terada,
T.Nomura; Antimicrobial activity of licorice fla
vonoids agai nst methicillin-res stant Staphylococcus
aureus, Fitoterapia, 73, 536-539 (2002).

[13] S.D.Ambawade, V.S Kasture, S.B.Kasture; Anti-
convulsant activity of roots and rhizomes of
Glycyrrhizaglabra. Indian J.Pharmacol, 34, 251-
255 (2002).

[14] S.D.Ambawade, V.S.Kasture, S.B.Kasture;
Anxiolytic activity of Glycyrrhizaglabra Linn.
J.Nat.Rem., 2, 130-134 (2001).

[15] D.Dhingra, M.Parle, S.K.Kulkarni; Memory en-
hancing activity of Glycyrrhizaglabra in mice,
J.Ethnopharmacol, 91, 361-365 (2004).

[16] E.L.Carmines, R.Lemus, C.L.Gaworski; Toxico-
logic evaluation of licorice extract as a cigarette
ingredient. Food and Chemical Toxicology, 43, 1303-
1322 (2005).

[17] Y.Y.Dong, W.Y.Gao, J.Z.Zhang, B.M.Zuo,
L.Q.Huang; Quantification of four active ingredi-
ents and fingerprint analysis of Licorice
(GlycyrrhizauralensisFisch.) after spaceflight by
HPLC-DAD. Res.ChemlIntermed., 38(8), 1719-
1731 (2012).

[18] P.Skehan, R.Storeng, D.Scudiero, A.Monks,
J.McMahon; New colorimetric cytotoxicity assay
for anticancerdrug screening. J.Natl.Cancer.Inst.,
82, 1107-1112 (1990).

[19] M.E Letelier,A.Malina-Berrios, J.Cortés-Troncoso,
J.Jara-Sandoval, M.Holst, K.Palma, M.Montoya,
D.Miranda, V.Gonzalez-Lira; DPPH and oxygen
freeradicals as pro-oxidant of biomolecules, Toxi-
cology in Vitro, 22, 279-286 (2008).

[20] M.Joyeux, A.Labstein, R.Anton, FMortier; Com-
parative antilipoper oxidant, antinecrotic and scav-
enging properties of terpenes and biflavones from
Ginkgo and some flavonoids, PlantaMed., 61(2),
126-129 (1995).

[21] C.Viturro, A.Molina, GSchmeda-Hirschmann; Free
radical scavengers from Mutisiafriesiana
(Asteraceae) and Saniculagraveolens (Apiaceae),
Phytother.Res., 13(5), 422-424 (1999).

[22] Y.K.Vaghasiya, R.Nair, M.Soni, S.Balujs, S.Chanda;
Synthesis, structural determination and antibacte-
rial activity of compoundsderived fromvanillinand
4-aminoantipyrine, J.Serb.Chem.Soc., 69(12), 991-
998 (2004).

Onganic CHEMISTRY o
Au Tudian Yournal



