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ABSTRACT

Gan-Cao, or licorice, isapopular Chinese herbal medicine derived fromthe
dried rootsand rhizomes of Glycyrrhizauralenss, G glabra, and G. inflata.
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The review describes the progress from four aspects including the history
of theresearch onlicorice’s antioxidation, the main chemical anti-oxidative
congtituents, the mechanism of Glycyrrhizic antioxidation, the relation
between the pharmacological function and the mechanism. We also give a
prospect in the fields such as research on the total-herb activity and
improvement of the anti-oxidative effect by chemical modifying.
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INTRODUCTION

In Ching, licoriceiscaled Gan-Cao, which means
“sweet weed”. Gan-Cao is extensively used in the Tra-
ditiond ChineseMedicine(TCM). Itiscaled“the king
of the herbs” because it appears as a component herb
inabout 60% of al TCM prescriptions. Licoriceisde-
rived from thedried roots and rhizomesof Glycyrrhiza
species (Leguminosae family). According to the Chi-
nese Pharmacopoeia, three species, Glycyrrhiza
urdensis, Gglabraand G. inflata, areofficialy used as
Gan-Cao'l.

With the devel opment of pharmacy and itsrelated
disciplines, aswell asthe research equipment, people
learn more about licoricethan before. It hasavariety of
pharmacol ogicd activities, including antiul ceric, antiin-
flammeatory, antigpasmodic, anti-oxidative, antidlergic,
antiviral, antidiabetic, anticancer, antidepressive,

hepatoprotectiveactivitie?. Thesebioactivitiesareat-
tributed to the chemical congtituentsof licorice. Gly-
cyrrhizicingredients’ anti-oxidative activity has been
paid more and more attention as Gao-Cao has been
applied to medicine, health care products, cosmetics
and many other fields.

Inthisreview, wesummearizetheprogressintheanti-
oxidativeeffectsof licoriceand mainly focusontheac-
tiveingredientsof Glycyrrhiza, itsanti-oxidativemecha:
nism, therelaion between the pharmacol ogicafunction
and themechanism. Wedso giveaprospectinthefields
such asresearch onthetota-herb activity and improve-
ment of the anti-oxidativeeffect by chemica modifying.

THEHISTORY OF THE RESEARCH ON
LICORICE’SANTIOXIDATION

Morethan 200 kinds of chemical substanceshave
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been extracted, isolated and identificated from
Glycyrrhiza. Thebiologically activeingredientsare
mainly flavonoids, triterpenoids, saponins, coumanins,
polysaccharides, akaoids, aminoacids.

It haslong been concelved that glycyrrhizicacidis
theonly constituent underwriting the pharmacologica
effectsof licorice. The pharmacological studiesof lico-
rice sgponinsmainly focus on the constituentsglycyr-
rhizicacid anditsaglyconeglycyrrheticacid. Thesetwo
compoundsexhibit extengvebiologicd attivities, includ-
inganti-oxidetiveactivities.

Theanti-gastric ulcer effect of licoriceextract was
ascribed toglycyrrhizicacid-freefractionsaboundingin
flavonoidd?. Thisfinding verified that theflavonoidsaso
made up part of the pharmacological activities of lico-
rice. In 1978, Japaneseresearchersfound licoriceingre-
dientsextracted fromthe polar solvent haveagood anti-
oxidation effect at linoleic acid methyl ester substrate,
which pioneered aresearch on GlycyrrhizicAntioxidetion.
In 1993, Wang &t d .1 studied theantioxidant ingrediants
and itscooperated functionwith other antioxidantsand
found Glycyrrhizic antioxidants’ main active ingredients
areneutrd lipophilicingredients (polyphenols), organic
acidicingredientsand flavonoidscontaining phenolichy-
droxyl group. Michad H. Gordoet d. used column chro-
matography and thin-layer chromatography (TCL) to
purify eight flavonoidsand found that asnglehasalower
anti-oxidativeeffect than thecompound containingdl fla-
vonoids. Liang et a.® identified themost effectiveanti-
oxidant component in ether extract of licorice by thin-

COOH ¢,
on NI

© O—-R1
glycyrrhizic acid (1) R1=R3=R4=R5=H, R2=0
licorice-saponin A3 (2) R1=R3=R4=R5=H, R2=0, R4=glu
licorice-saponin B2 (3) R1=R3=R4=R5=H, R2=H2
licorice-saponin D3 (4) R1=R4=H, R2=H2, R3=0OCOCH3,
R5=rha
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layer TLC separation. Her research indicated thefla-
vonoidsintheliquoricewereactudly theingredientsplay-
ing therole of anti-oxidation. Now, the main compo-
nents of flavonoids mixtureshave beenusedin edible
oilsonthefood asthenatura antioxidants.

At present, licoriceanti-oxidativecondituentsmainly
concentrated in the flavonoids and triterpenoids.
GlycyrrhizaPolysaccharides’ anti-oxidative effect also
has been reported, but the number of the reportsis
much fewer than thetwo ingredients mentioned above.

THE MAINANTI-OXIDATIVE CHEMICAL
CONSTITUENTS

Triterpenesgponinsarethemaor characteristic con-
stituents of Gan-Cao, and they areresponsblefor the
sweet taste. Sofar, at |east 18 saponinshave been ob-
tained fromthethree officia speciesof Gan-Cao. The
chemical structuresof these saponins(1-18) are given
inFigure1. Most licorice saponins are present as glu-
curonides. Theaglyconesare ol eananetype pentacyclic
triterpeneswith 11-oxo-12-ene, 12-ene, 11, 13(18)-
dieneor 9(11), 12-diene skeletons, and 33-OH, 24-
OH, 22B3-acetoxy, 30-COOH or 29-COOH as func-
tional groups. Compounds 14 and 15 contain unique
lactone rings between 30-COOH and 22-OH. In ad-
dition, aseriesof methyl, ethyl or butyl esters(19-24)
(Figure 2) haved so beenisolated from Gan-Cao. How-
ever, they might be esterified artifactsformed during
theextraction and purification process.

OOH

R2

OH
R1

licorice-saponin G2 (5) R1=0OH, R2=0, R3= R4=R5=H
licorice-saponin J2 (6) R1=OH, R2=H2, R3= R4=R5=H
licorice-saponin L3 (7) R1=OH, R2=H2, R3=OCOCH3, R4=H,
R5=rha
22p-acetoxyglycyrrhizin  (8)
R3=0OCOCH3

uralsaponin B(9) R1=H, R2=gluA
apioglycyrrhizin (10) R1=api, R2=H
araboglycyrrhizin (11) R1=ara, R2=H

R1=R4=R5=H, R2=0,
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licorice-saponin H2 R2
(12) R1=COOH, R2=CH licorice-saponin E2(14) R1=0, R2=H
(13) R1=CH3, R2=CH20H licorice-saponin F3(14) R1=H2, R2=rha

OOH

H H
licorice-saponin C2 (16) R=CH3
licorice-saponin K2 (17) R=CH20H (18)

Figurel: Saponinsfromlicorice. ara: a-L -arabinopyranosyl; api: B-D-apiofuranosyl; glu: -D-glucopyronosyl; gluA: B-D-
glucuronopyronosyl; rha: a-L-rhamnopyronosyl

COOR
H
S ON
H
H

(19) R1= CH3, R2=COOH, R3= n-Bu, R4=CH3 (22) R1=COOH, R2=CH3, R3=CH2CH3, R4=n-Bu
(20) R1= CH3, R2=COOH, R3= n-Bu, R4=CH2CH3 (23) R1=COOH, R2=CH3, R3= n-Bu, R4= n-Bu
(21) R1=CH3, R2 =COOH, R3= n-Bu, R4=n-Bu (24) R=CH3

Figure?2: Saponin estersfromlicorice. n-Bu: -CH2CH2CH2CH3
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A Tndian ﬁawml



46 Progress of the antioxidation of the Chinese herbal medicine Gan-Cao

NPAIJ, 6(1) March 2010

Reviany o

Flavonoidsarenaturaly organic compoundsinthe
composition of tricyclic C6-C3-C6 way. Morethan
300 flavonoidshave beenisolated from Glycyrrhizaspe-
cied¥. Theseflavonoids belong to varioustypes, in-
cluding flavanones or flavanonols (25-32), chalcones

liquiritigenin (25) R1=R2=R3=R5=R6=H,
R4=R7=0OH

liquiritin (26) R1=R2=R3=R5=R6=H,
R4=0H, R7=-O-glc
liquiritigenin-7-4-diglucoside (27)
R1=R2=R3=R5=R6=H,

R4=R7=-O-glc

rhamnoliquirin (28) R1=R2=R3= R5=R6=H,
R4=0OH, R7=-O-rha

liquiritin apioside (29) R1=R2=R3=R5=R6=H
R4=0H, R7=-O-glc- (2-1) -api

glabranin (30) R1=R3=R6=R7=H,
R2=R4=0H, R5=-CH2CH=C(CH3)2
glabrol (31) R1=R2=R3=H, R4=R7=0OH
R5=R6=-CH2CH=C(CH?J)2

glabridin (40) R1=R2=R6=H R3, R4=7-O-C(CH3)2CH=CH-8,
R5=R7=0H

4’-O-methylglabridin (41) R1=R2=R6=H

R3, R4=7-0-C(CH3)2CH=CH-8, R5=R7=OHR7=0CH3
3-O-methylglabridin (42) R1=R2=R7=H

R3, R4=7-0-C(CH3)2CH=CH-8, R5=R7=OHR6=0CH3
licoricidin (43) R1=OCH3, R2=R6=-CH2-CH=C(CH3), R4=H,
R3=R5=R7=0OH

licoflavoneA (48) R1=R2=R5=HR3=R6=
-CH2CH=C(CH3)2, R4=R7=0H
licoflavone B (49) R1=R3=R6=HR2=R4=
R7=0H, R5=-CH2CH= C(CH3)2
licoflavone C (50) R1=R2=R5=R6=H, R4=
R7=0H, R3=-CH2CH= C(CH3)2
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(33-39), isoflavans (40-46), isoflavenes (47), flavones
or flavonols (48-52), isoflavones (53-59) and
isoflavanones (60-63). Anumber of licorice flavonoids
are substituted with isoprenyl groups, which may form
apyran ring with adjacent hydroxyl groups (Figure 3).

licoflavanone (32) R1=R3=R5=H, R2= R4= R7=0H,
R6=-CH2CH=C(CH3)2
isoliquiritigenin (33) R1=R2=R4=H,
R3=R5=R6=0OH

isoliquiritin (34) R1=R2=R4=H,
R3=-0-glc, R5=R6=0H

neoisoliquiritin (35) R1=R2=R4=H
R3=R6=0H, R5=-0O-glc
rhamnoisoliquiritin (36) R1=R2=R4=H
R5=R6=0H, R3=-O-glc- (2-1) -rha
licuraside (37) R1=R2=R4=H,

R3= R6=0OH, R5=-O-glc- (2-1) -api
licochalcone A (38) R1=0OCHS3,
R2=R6=H, R3=R5=0H,
R4=-C(CH3)2CH=CH2

licochalcone B(39) R1=OCH3,
R4=R6=H, R2=R3=R5=0H

7’-methylglabridin  (44) R1=R3=0CHS3,
CH2CH=C(CH3)2, R4=H, R5=R7=0H
hispaglabridinA (45) R1=R2=HR3, R4=7-O-C(CH3)2CH=CH-
8, R5=R7=0H, R6=-CH2CH=C(CH)2

hispaglabridinB (46) R1=R2=HR3, R4=7-O-C(CH3)2CH=CH-
8, R5=0OH, R6, R7=3-CH=CHC(CH3)2-0-4

glabrene (47)

R2=R6=-

licoflavonoal (51) R1=R2=R4=R5= R7=

OH, R3=-CH2CH= C(CH3)2, R6=H
isolicoflavonal (52) R1=R2=R4= R7=0H,
R3=R5=H, R6=-CH2CH= C(CH3)2
glabrone(53) R1=R2=R4=R5=R6=H, R3=R9=0H
R7, R8=3’-CH=CHC(CH3)2-0-4’

-
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glycyrrhisoflavone (54) R1=R3=R6=R7=0H, R2=
R4=R5=R9=H, R8=-CH2CH= C(CH?3)2
licoisoflavoneA (55) R1=R3=R5=R7=0H, R2=
R4=R8=R9=H, R6=-CH2CH= C(CH?3)2
licoisoflavone B (56) R1=R3=R5=R7=0H, R2=
R4=R8=R9=HR6, R7=3’-CH=CHC(CH?3)2-0-4’

R5=R7=0OH

R7=0CH3

licoricone (57) R1=R2=R4=R6= R8= OH, R7=

R9=0CH3, R8=-CH2CH= C(CH3)2

gancaoninH (58) R1=R3=R6=0H, R2=-CH2CH= C(CH3)2,
R4=R5=R9=H, R7,R8=3’-CH=CHC(CH3)2-0-4’

gancaoninG (59) R1=R7=0H, R2=-CH2CH= C(CH3)2,
R3=0CH3, R4=R5=R6=R8=R9=H

glyzaglabrin (60) R1=R2=R4=R8=H, R3=R5=0H, R6, R7=-O-CH2-O-
licoisoflavanone (61) R1=R3=R5=0H, R2= R4=R8=H,

R6, R7=3’-CH=CHC(CH3)2-0-4’

glabroisoflavanone (62) A R1=R2=R6=R8=H, R3, R4=7-O-C(CH3)2CH=CH-8,

glabroisoflavanone (63) A R1=-R2=R6=R8=H, R3, R4=7-O-C(CH3)2CH=CH-8, R5=0H,

Figure 3 : Characteristic flavonoids from licorice. api: B-D-apiofuranosyl; glc: B-D-glucopyronosyl; rha: a-L-

rhamnopyr onosy!.

Flavonoids, aswell asthetriterpenoids, are poly-
hydroxy compounds. Thehydroxiesguaranteeastrong
ability to provide protons, thusgivingasolid foundation
of theingrediants’ antioxidant role. Some researches
indicate that Flavonoids B o-ring phenolic hydroxyl
group can contributeto itsantioxidant activity. Research-
ersfound Licochalcone B hasthe strongest ability of
removing superoxideanionamong Licoriceflavonoids.
Thestructureof Licocha cone B provestherule”.

THEMECHANISM OFGLYCYRRHIZIC
ANTIOXIDATION

Glycyrrhizicingredient act on theenzymesredated
tothefreeradicals

Itisknownthat thefreeradical s of thebody arein
the bal ance state between the generation system and
the protection system, both can beregulated by the
enzymes'®. Licorice playsadual rolein achieving
antioxidation, that is, on the one hand, enhance the
enzyme activity scavenging invivo freeradicals, on
the other hand, inhibit enzyme activity generating free
radicas.

Theinhibition of oxidase

A lot of Oxidaseinvivo arerelated tothe genera-
tion of freeradicals. For example, xanthine-oxidation
enzymes (XO): ATPgradually degradestoADP,AMP,
adenosine, and finally the hypoxanthininthe state of
ischemia. In addition, xanthine dehydrogenasetrans-
formsinto xanthine oxidase by Ca, , -dependent pro-
tease, uricacid and O,- followed by!?. Electronspin
resonance (ESR) indicated that the eruption of freeradi-

cdsresult fromthisprocessinischemiareperfusioni®.

In addition, P-450 enzymes, myel operoxidase,
lipoxygenase and cycl ooxygenaseenzymesinvivo can
catalyze the generation of free radicalg*l. Some
ingrediantsinliquoricecaninhibit theability of XO, in-
duceuric acid and clear out peroxide. Haraguchi.H et
a2 found Licochalcone B and O caninhibit thecre-
ation of superoxide anionsin XO systems, clear out
1,1-Diphenyl-2-picrylhydrazyl radical (DPPH radical)
and dimnatesuperoxideanionsin microsome. A study™
showed Yunnan licorice sgponinsstrongly clear the per-
oxideinxanthine/ xanthineoxidasesystem, thushaving
obviousinhibitory effect onlipid peroxidesof invitro
rat cardiomyocytes.

Thereare studiesabout Glycyrrhizicinhibition of
P450 enzymes. Jeong, et a .4 found 18B-glycyrrhetinic
addcaneffectivey inhibit theexpressonof CY PAS02EL
to stop the drug into harmful metabolites, thereby re-
ducing the damaging effectson themice’s liver by car-
bon tetrachloride. Hoitak Chen et al.*® found that gly-
cyrrhizin (GL) canreducethe CY P1A1, elevatethe
activity of glutathione s-transferase, thereby inhibite
hepati c metabolic activation of toxic substances.

Mononitrogen (NO) isamoleculewith specid ef-
fects, theexcessive NO canreact with freeradicalsto
create strong oxides, thus damaging the body¢. Study
on another natural antioxidants-Theaflavinsshowed it
caninhibitthemRNA expressionof induciblenitricox-
idesynthase (NOS), thus reducing the contentsof NOS
and NO*7, Usingthemode of mice, study aso showed
Glycyrrhizic flavononids can inhibit the increase of
NO’content caused by ischemia reperfusion, but Vari-
ous dosesof licoriceflavonoids had no significant ef-

———————, Natural Products
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fect on nitric oxide synthase (NOS), itsmechanismis
not clear,

Activatetheantioxidase

The antioxidasesinclude Superoxide dismutase
(SOD), GSH and Catdase (CAT), they can clear awvay
freeradicas.

These enzymesnot only coordinateto prevent the
damaging effectsof reactive oxygen species, but aso
protect each other'™: O2- can inactivate CAT and
GSH-Px, so SOD protect CAT and GSH-Px by scav-
enging O2- H202 caninactivate Cu-Zn-SOD, so CAT
and GSH-Px protect Cu-Zn-SOD by scavenging
H202. Onceanumber of themutua protection system
decreasesunnormadly, theentireenzyme systemwill col-
lapse, leading to theirreversible damage of the cell.
Therefore, exogenous antioxidants has become essen-
tial to protectiveroles.

Song et al "9 used the miceto establish theintes-
tinemode of ischemiareperfusion by lighating the su-
perior mesenteric artery. Thethree different doses of
FG weregiven beforeintestinal ischemiareperfusion,
the changes of malonadehyde (MDA), superoxide
dismutase (SOD). Nitricoxide(NO). Nitric oxide syn-
thase (NOS) in serum and intestinewere observed af -
ter reperfusion of 24 hoursfollowingintesting ischemia
of 2 hours. They found that as compared withtheis-
chemiareperfusion group, thelevel of MDA. NOin
serum and intestinal issuewere decreased S gnificantly
in the FG treated group (medium and high dose),
Whereas, thelevel of SOD increased significantly in
the FG treated group, and therewas significant differ-
ence (P<0.05). Therewasno significant differencein
the level of NOS between the different doses of FG
treated groupsand intestina reperfusion group (t=2.15,
P>0.05)

Yu et a.?9 observed the protective effects of
Diammonii Glycyrrhizinatis (DG) onlesion caused by
myocardial ischemiainrats. Rusults showed that DG
exerted protectiveeffectson theischemic myocardium,
whichwasrdated to theinhibition of lipid peroxidation
and theenhancement of SOD and ATP-enzyme activ-
ity. Chen et al.!?¥ also proved in the oxidative stress
induced by Fe-NTA, magnesium isoglycyrrhizinate,
within acertain strength range, obvioudy enhanced the
activity of SOD and decreased the contentsof MDA in

Natural Products

supernates of rat hepatic stellate cells (HSCs) culture
media

Licoricenot only protect thein vivo antioxidant en-
zymes, but al so promote and mobilizetheactivity of
antioxidant enzymes. Wang et a .2 measured the ac-
tivitiesof CAT, GSH-Px of braintissueand LPO level
in plasmaafter adminstration of liquoricedecoctumin
different time (15, 30, 45days) Theresult showed that
theliquorice had an affect on senilerat by raising the
activity of antioxide (CAT, GSH-Px) and dropping LPO
levd, indicating that liquorice had effect on antisenium,
itsfurther study had animportant va ue.

Thecurrent study only staysat theimpact of Lico-
riceactingon theactivity of antioxidant enzymes, there
was no direct evidences about the regul ation of Gly-
cyrrhizicingredientsacting on the synthes sof antioxi-
dant enzymes. It was known Fructus Schisandrae can
inducethein vivo synthesisof antioxidant enzymes?¥,
sowethink theLiquoriceisworthy of study inthisdi-
rection.

Ontheother hand, inthe body’s antioxidant sys-
tem, thereisaclassof antioxidants- vitaminc, vitamin
E and GSH, they are separately located in ECM, cell
membranesand cytosol, acting asthefirst, second and
third anti-oxidation lineof defense, and maintainingthe
normal function of cellsjointly. Vitaminc, vitaminEand
GSH play animportant roleof antioxidant inthe body,
compared to SOD and other enzymes, they are re-
ferred to as non-enzymatic antioxidants. Studies
showed that Teapolyphenol sand other naturd antioxi-
dants can makethese three categoriesof anti-oxidants
renewable?¥, but thisanti-oxidative mechanism hasnot
been reported inthe study of licorice.

Act onthefreeradicalsdirectly

Freeradicalsareatomsor radicleswith unpaired
electron. They are easy to |ose el ectron (oxidation) or
to seizeelectron (reduction), especialy for itsstrong
oxidation, leading tolipid peroxidation strongly. Free
Radicd sinduding two types: inorganicfreeradica sand
organicfreeradicals. Theorganicfreeradicalsinclude
polyunsaturated fatty acids oxidation products of
ROO-, RO-, etc. Theinorganic onesmainly refersto
02 -, « OH, H202 and other reactive oxygen spe-
cies®, Glycyrrhizicingredientsplay dud effectsscav-
enging both freeradicds. preventativeantioxidation and

A Tudéan Journal
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denid-of-chain antioxidation.
Removetheinorganicfreeradicals

Fu et al .9 studied scavenging effects of 14 kinds
of licoriceflavonoids and three kindsof triterpenoid
compounds on reactive oxygen species. Theresults
showed that Glycyrrhizicthe coumarin had themost Sg-
nificant scavenging effects on superoxide anion radi-
cds. Licochd coneA and 4 - methoxy-4-hydroxy-chal -
cone had themost s gnificant scavenging effectsonthe
hydroxyl radical.

Ju et a.[?" studied the antiperoxidant activity of
glycyrrhizaflavonoid (F G) by using colorimetric esti-
mation of lipid peroxide (MDA) formation. Thescav-
enging effectsof FG on O2- and OH wereinvestigated
by usi ng chemiluminescence method and spintrapping
techniqueindifferent Systems. Theresultswereasfol-
lows: FG 0.26-26.5ug/ml or 2.58-258ug/ml was
shownto markedly scavenge O* inakalinl DM SO or
xanthine/xanthineoxidase systemsrespectivey, inacon-
centration-dependent manner. FG 144ug/ml or 258ug/

R WSROV T PRV

Figure4 : Electron spin resonance spectra of DM PO spin
trapped freeradicalsin therespiratory bur st of PM A-gtimu-
lated human polymor phonuclear leukocytesincubated with
(a) contral, (b) FG 144pg/ml and (c) Vit E144pg/ml.

=]

|
b %WM
Figure 5 : The hydroxyl radical spin adduct spectrum of

DM PO produced by Fenton’sreaction with (a) contral, (b) FG
258nug/ml and (c) VitE 258ug/ml

ml a so significantly scavenged the active oxygen radi-
calsproduced by PMN stimulation with Phorbol-12-
myristate-13-acetate (PMA) or OH" produced in
Fenton’s reaction respectively (Figure 4 and Figure 5).
Ju? also proved sodium 18beta-glycyrrhctinic acid
(SGA) hasthesimilar effect and cantrapand clear awvay
activeoxygenradicals.

Wu et al ¥ used spectrophotometry to investigate
theoxygenfreeradicd scavenging effect of glycyrrhizee
total flavonoids(GTF) and found that GTF inxanthine/
xanthine oxidase system cound scavenge effectively the
superoxideanion (IC50 = 226mg/L) dose-dependently,
thelC vauelower than Vitamin E (IC50 = 770mg/L);
Favonoidsof Glycyrrhizaprocessed significantly scav-
enging effect on hydroxyl radical (OH) produced by
Fention reaction, the effect was more patent than that
of manna, withthe OH —scavenging IC 50 and the OH
inhibiting IC50 were 1/25 and 1/139 respectively as
compared with that of manna.

Therewere researches about the antioxidation of
GlycyrrhizaPolysaccharides. Yang et a . tested the
scavenging quality of polysaccharideson DPPH free
radical, hydroxyl freeradical (-OH) and super oxide
free radical (O%) by spectrophotometry. The result
showed that polysaccharideshas good scavenging ef -
fect on-OH DPPH: and O%. At acertain concentration
range, thescavenging effect of polysaccharidewaspos-
tively correl ated toitsconcentration; liquorice polysac-
charidehasagood hydroxyl radical scavenging activ-
ity, and theremova ability of hydroxyl radicd isbetter
than that of superoxideanion.

Eliminate lipid free radicals and inhibit lipid
peroxidation

Lipidwill producefreeradicdsinthereactive oxy-
gen speciesand radiation conditions, thuscausinglipid
freeradical chainreaction®Y. (Figure 6)

ToH Phc:/,:fhhktkmo' ‘f/ﬂﬂi‘H:cii}q

L -
\-/{ [;_l;f,“
carbony]l compournd
Figure6: Lipid freeradical chainreaction
Certain componentsof liquoricecan react withthe
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intermediate production of the chain reaction, thuslead-
ing to thetermination of thelipid oxidation.

Grease and oil-richfoodswill go decay dueto the
oxidationduring storage. In order to maintainthequa-
ity of edibleoilsand fats, peopl e use synthetic antioxi-
dants, for exampleBHA and BHT, since 1950s. Inthe
past decade, peopl e constantly have doubtsabout syn-
thetic antioxidants’ safety in food, so the study, exploi-
tation and utilization hasbecomeanimportant task. Cui
et al.*2 studied the anti oxidation activity of thetotal
flavonoidsof Glycyrrhizaon edibleoils, using peroxide
value (POV) by Schaa oven-storagetest. Theresults
showed that the total flavonoidsare of good antioxi-
dant effectson four edibleoils. Furthermore, the activ-
ity on lard isthe strongest and dose-dependent. The
total flavonoidsof Glycyrrhizaadded with vitamin C,
citricacid or tartaric acid exhibit remarkablely syner-
gisticantioxidation activity inlard. Theantioxidation
activity of thetotd flavonoidssynergized with synthetic
antioxidantssuchasBHA, BHT or PGisprovedtobe
better than single antioxidant used.

For organiams, thecell membranelipid peroxidetion
can cause seriousdamage to membrane systems, even
leading to cell death (10). Research®®! hasshown that
licoriceflavonoidscan prevent thelipid peroxidation of
low dengity lipoprotein (LDL), reduce the susceptibil-
ity coefficient of LDL inthe patients’ plasma, and im-
provetheantioxidation and anticoagulation of LDL in
plasma. Chen et al.’* studied the effect of 18beta-so-
dium glycyrrhetate (18beta- SG) on the uptake of oxi-
dizedlow dengty lipoprotein (oxLDL) in petoned mac-
rophage of mice cultured in vitro. Theresult showed
the contentsof total cholesterol (TC) and cholesterol
edter (CE) wereincreased significantly by oxL DL, how-
ever, which wereinhibited dose-depently in macroph-
agein oxLDL group pre-treated with -SG; As com-
pared with oxLDL group, oxLDL plus-SG group de-
creased MDA content and increased the activities of
SOD and GSH-PX. From the conclusion above, -SG
cansignificantly inhibit mice periphera macrophages’
uptakeof oxLDL, thiscan beassociated withitsaction
inenhancing of peripherd macrophages’ antioxidation.

Glycyrrhiziceffect of inhibition of lipid peroxidation
alsoincludesinorganicfreeradical scavenging. Lipid
peroxidation includesthreesteps sart-up, diffusion, the
termination®!, sowethink Glycyrrhizic play therole of
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anti-lipid peroxidation shouldincludetwo parts. Firs,
certain componentsof licoriceparticipateintheinitial
reaction, an effective way to removereactive oxygen
species, preventing the start-up of lipid peroxidation;
Second, reactionwith lipid freeradical reactions, re-
sulting inthe bresk-off of the chain. Thesetwo mecha-
nism combinetogether, leading Glycyrrhizic Sgnificant
anti-lipid oxidation.

Glycyrrhizicingredientscomplex with metal ion
inducing oxidation

Some transition metal s such as copper, iron, can
catalyze LDL oxidation or theformation of freeradi-
cals. Becauseflavonoids have 4-keto-5-hydroxy-mo-
lecular structure (see Figure 3), they can complex with
metal ions. TheB ring 3 ‘and 4’ position OH group is
also necessary to cuion complexation. Hu et al. in-
ferred Flavonoids can complex themetal ions, thusin-
hibiting auto-oxidation of lard. Thecomplex roleof fla-
vonoi ds depends on the formation manner of the phe-
nolic hydroxyl group and theflavone carbonyl onthe
ring. Thismechanism should become oneof therea-
sonswhy Glycyrrhizicflavonoidsinhibit LDL oxidation
catalyzed by cuion.

Glycyrrhizicacid molecules, containing the carboxyl
and carbonyl, easy toform complex withthemetd ions.
Zhuo et a . studied the Glycyrrhizic acid-Cu(ll) and
glycyrrhizicacid-Fe(1l1) complexecharacterized by UV
-Visspectraanalyss. From theultraviol et spectrumwe
can seeglycyrrhizic acid hasthelargest absorption pesk
at 267nm, whichisthe characteristic absorption of gly-
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Figure7: UV patternsof glycyrrhizicacid (a), glycyrrhizic

acid-Cu2+ (b) and glycyrrhizicacid-Fe3+ (c)
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cyrrhizicacid’s a, B unsaturated carbonyl conjugated
bond; the copper (I1) complexes appeared two new
peaks at 290nm and 310nm, iron (I11) complex ap-
peared three new peaksat 290nm, 325nm and 375nm,
while UV absorption did not change significantly at
267nm . All theaboveindicateglycyrrhizicacid formed
complex with Copper (11) ion, Fe(l11) ion respectively
(Figure7). The FT-IR spectraa so showed glycyrrhizic
acidformed acomplex with Cu (11), Fe(I11) ion based
onthecarboxyl (Figure8).

% Transmittance

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers(cm™1)

Figure8: FT-IR spectraof glycyrrhizicacid (a), glycyrrhizic

acid-Cu2+ (b) and glycyrrhizicacid-Fe3+ (c)

Synergisticeffect of Glycyrrhizicingredientsand

other substances

Some natural substancesare of weak anti-oxida-
tivecgpacity, but thisactivity increased Sgnificantly add-
ing some non-anti oxidant. Flavonoid compounds play
theefficient roleof antioxidant activity inoilsand fats,
whichistheresult of the synergistic effect with phos-
pholipid®®. Researches have shown®*" | soflavones’
anti-oxidative activity can be significantly improved by
phospholipids (especidly phosphatidylethanolamine) in
theedibleoil, the mechanism can betherel ease pro-
tons of the synergistic agents, thusenabling therapid
decomposition of hydrogen peroxide and will not gen-
eratefreeradicals.

Wang et a.! studied the synergistic effect of Gly-
cyrrhizic antioxidantswith other antioxidantssuch as
BHT, a-tocopherol and lecithin aswell asorganic ac-
ids (ascorbicacid, citricacid, DL-malicacid, fumaric
acid and sorbic acid). They found that Glycyrrhizican-

tioxidantshad synergistic effect with dl theantioxidants
mentioned above, a-tocopherol was the strongest
among them. The synergistic effect between Glycyr-
rhizic antioxidants and organic carboxylic acids have
thelaw asfollows: citricacid > DL-malic acid > fu-
maric acid ~ sorbic acid.

By andyssaf Glycyrrhizicingredients, wethink the
mechanismisthat certain Glycyrrhizic componentsform
large and stable hydrogen precursorswith other sub-
stances such as citric acid by the hydrogen bonding
associ ation, which not only enhance the anti-oxidative
activity of licorice, but also combinethefreeradicas
generated by unsaturated fatty acids.

Theimmunoregulatory roleof Glycyrrhizicingre-
dients

Many research proved acloserel ation betweenthe
immune ability and the anti-oxidativeactivity of theor-
ganismi*+# | juetd . foundthat theGlycyrrhizicfla
vonoids can increasethe number of leukocytes, lym-
phocytesand the CD4/ CD8 cdll ratio, thusimproving
theimmuneability of thebody.

Glycyrrhizicacid (GA) hasanon-specificimmune
regulatory role, itsmainly enhancing thecd lular immu-
nity, for examplethe phagocytosisof MV cells. Re-
searcheshave shown recently thetotal number of white
blood cell (WBC) increased by 5 timesin mouse peri-
toned immunesystem after theuseof GA. Usngursolic
acid, oleanolic acid and other drugson animal treat-
ment, thelargest number of WBC continuousfor only
6 days, whiletreatment using could last for morethan
ninedays. Theincreasing rate of thetotal number of
WBCwas91.48+ 4.6%, 135.75+ 6.4%, using ursolic
acid and oleanolic acid respectively. In contrast, the
figurewas 114.9 + 18%. Theresults showed that GA
can play the immunoregulatory rolein the body!“.
Yoshikamaet d“Y proved that glycyrrhizin could se-
lectively enhance T-lymphocyte proliferation and activ-
ity, increase CD4" cells, decrease CD8' cdlls.

The study on Glycyrrhizic polysaccharide (GPS)
showed that GPS can stimulatethe activity of mouse
spleen lymphocytes, dose-dependently. Themain per-
formanceisGPS canremarkably elevate|L-2 release.
IL-2isaneffectiveT cdll growthfactor, andisalso one
of thekey factorsthat regulating Thl1and Th2 cells’
function. Secretion of IL-2 can promote Thlcdl prolif-
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eration and differentiation, thus promoting Th1 cell-
mediated immunefunction2.

THERELATIONBETWEENTHE
PHARMACOLOGICAL FUNCTIONAND
THEANTI-OXIDATIVE MECHANISM

Theanti-atherogenicrole

Invivo andin vitro experiments showed that LDL
oxidationwouldlead to aherosclerosis(LDL isthecho-
lesterol carrier inserum), Glycyrrhizic Flavonoid dow
down atherosclerosisby confrontation to thelipopro-
teinlipid peroxidation, Fuhrman et d.*4 found that
Licorice extracts (themain component is Glabridin)
could protect LDL, preventing itsoxidation, through
combination*,

Israeli academicd*® separated Glycyrrhizaglabra
(Gglabra), obtaining seven components such as Gly-
cyrrhizinA, Glycyrrhizin B, Glabridin, isoprene-based
chalconeetc. Glycyrrhizicflavonoidsin Gglabrawas
themain composition (11.6%, w/w). They detected the
inhibitory ability of the seven componentsto LDL oxi-
dationand found Glabridin playedthemainrole. They
aso sudied thestructureand inferred therewas agrest
relation between theinhibition to LDL oxidation and
thepostion of flavanonederiveties’ hydroxy group. The
results suggested the phenalic partintheflavanonemust
be connected with thelipophilic part to create thein-
hibitory effect whilethiseffect wasnot sufficient with
the phenolic part separately existed*”. Thesameyear,
they also found!“®! Gl abridin coul d reduce the suscepti-
bility of LDL oxidation, the mechanism might bethe
combination of LDL particlesand Glabridin played a
roleintheprotection of LDL, inhibiting theformation of
lipid peroxide, protect thecarotenoid bindedwith LDL.

Researches showed“*5? that Glabridin could be
gathered in macrophages, aff ecting macrophage-in-
duced LDL oxidation. Itsinhibitory rateto LDL oxida
tion was morethan 80%, hindering rateto therelease
of peroxidesin macrophage was 60%, reducing rateto
protein kinaseactivity was 70%. Accordingly, Glabridin
consumption caninhibit cdl-induced LDL oxidationand
atherosclerosis.

Theliver-protectionrole
Researchesfound® that Glycyrrhizic flavonoids
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could dleviatetheincreasing activity of glutamic-pyru-
vic transaminase (GPT) and |lactate dehydrogenase
(LDH) inseruminduced by CCl,. CCl,, could be acti-
vated by cytochromeP450 enzymesinliver microsomes
to generate « CCl,,. « CCl,. attacked on theliver cell
membrane phospholipid molecules, causing lipid
peroxidation in liver microsomes and the cova ently
conjugation of lipidsand proteins. Withtheinfiltration
of cytoplasmic solubleenzymesinto blood, theliver cell
membrane’s structure and function was damaged. Gly-
cyrrhizicflavonoidsinhibited theinfiltration, thusreduc-
ingtheunnormally increasing activity of GPT and LDH
in the mouse serum poisoned by CCl,. At the same
time, licoriceflavonoidscould significantly inhibit the
increase of malonydiadehyde (MDA) content inmouse
liver poisoned by CCl,.

When pre-treated with Glycyrrhizicflavonoids, the
increase of MDA content and the exhaust of deoxi-
dized- glutathione could beinhibited, dose-dependent.
By  ectron microscope examination, Glycyrrhizicfla:
vonoidsdid protect the ultrastructure of theliver cells
induced by ethanol. Themechanismistheremova on
theoxygen freeradical 2.

Diammonium glycyrrhizinate(DG) could protect the
lipid peroxidativedamagein liver. After treated with
DG the content of M DA decreased, the content of GSH
increased and the activitiesof SOD, CAT and GSH-
Px increasedin liver of mice, compared with cadmium-
exposed group. Pathologica damagetotissueand cell
ultrastructure wassignificantly recovered™.

Glycyrrhetinicacid (GA) couldinhibit liver microso-
mal lipid peroxidation induced by avariety of chemi-
casby invivo study®™. It had inhibitory effect onthe
generation of freeradicalsinrat liver microsomein-
duced by CCl4. The sameeffect wasfound in mouse
peritoneal macrophages stimulated by zymosan. The
clinical use of tiopronin (adrug having effectsasfol-
lows: freeradical scavenging, protection of liver cell
membrane, thed leviation of exogenoustoxic substances)
combinedwith GA (Ganlixin) had significantly curative
effect’™!,

Theanti-hemolyticrole

Fukaitoshio et a®® found Licochal coneA could
reducetheamount of urinary protein and increasethe
intengity of freeradica's, in sodium st of ascorbicacid.
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Zouet d .5 studied antioxidativeactivity of compounds
identifiedinliquorice 4’5’7 -trihydroxide-8- isoamylene
flavonoid,

Glycyrrhizin, Glabrone showed significant activity
inscavenging oxygenfreeradicas. Glabronehad agood
inhibitory effect onthehemolysisinduced by H,O,. Both
of Glycyrrhizinand Glabronecould inhibit the (HPD +
hv)-induced hemolys's, inhibitory effect better than some
typical anti-oxidants.

Theanti-tumor roleand the protective effect for
cancer chemotherapy

Oxygen freeradicalsplayed animportant rolein
the pathogenesisof tumor. Oxygen freeradicascould
cause damageto the base, |eading to gene mutation,
resulting in cancer cellg*Y. Using antioxidantsto pre-
vent occurrence of tumor has been focused.

G9315(extracted from G. inflate Bat.) are com-
poundscontaining Six flavonoids, could sgnificantly in-
hibit thechemiluminescenceof croton oil-induced Wigta
rat neutrophils (PMN) and Balb / ¢ newborn mouse
skinepidermal cells, aswell asliver mitochondrid lipid
peroxidation. Itsinanti-tumor rolehad relaionswithits
anti-oxidativeeffect’™s,

CY P450 isone member of cytochromeb protease
superfamily, whichiswidely distributedinliver, brain,
kidney, lung, smdl intestineand other parts, but the con-
tentisrichestintheliver. Itsmain physiologica function
isto metabolize the endogenous and exogenous com-
pounds. Exogenous carcinogeni ¢ substanceswere ac-
tivated through CY P450, the cancer chemotherapy
drugs were also metabolized by the enzymes. Re-
searcheshavefound* that glycyrrhizin (GL) couldre-
ducethe CYP1A1, devatetheactivity of glutathiones-
transferase, thereby inhibiting hepatic metabolic activa-
tion of toxic substances.

Ceridlo et ad.> found that glutathione could an-
tagoni zethetoxicity (immuno-suppressi ve effects) of
cyclophosphamide (an anti-tumor medicine) and ac-
rolein (itsmetabolite) to mouse spleen cells, without
affecting theanti-tumor activity. The study aso found
that combinativeuse of Glycyrrhizin (GL) and theche-
motherapy drugs such asADM, CP, TNF could in-
creasethe content of glutathione, thusreducingthedam-
ageof freeradicals (produced by thesedrugs) to nor-
ma cdls.

Theanti-inflammatory role

Researchesfound® that Glycyrrhetic acid sodium
salt could inhibit the formation of malondialdehyde
(MDA) intheinflammeatory part of themice. Thiseffect
could be antagonized by exogenousarachidonic acid.
Inaddition®®Y, it also had efficacy on chemical peritoni-
tisinrats. Theeffectswere asfollows: inhibiting the
migration of neutrophil (Neu), inhibiting thesynthesisof
prostaglandin E (PGE), reducing capillary permeabil -
ity, scavenging oxygenfreeradicals.

The anti-inflammatory effects of 11-sodium
deoxyglycyrrhetinic acid wereobserved by 3 models
inLuo’s experiment!®?: xylene-induced miceear swell-
ing, chronic granuloma by filter paper method, air
sacsynovltis Theprostaglandin E2(PGE2) inserumand
activity of NOS were detected. Results showed that
11-sodium deoxyglycyrrhetinic acid could inhibit mice
ear swelling (xylene-induced) as well as chronic
granulom aby filter paper method obviously, and de-
creased PGE2 level in serum. It aso could decrease
PGE2 level and reduce the activity of NOS and the
level of NO significantly. Accordingly, 11-sodium
deoxyglycyrhetinic acid had an anti-inflammatory ef-
fect, andit may berdated to theinhibitory effectsof the
synthesis of PGE2 and NO, besidestheinhibitory ef-
fect of Lipid peroxidation.

Liu et a.[®¥ studied the effect of diammonium
dlycyrrhizinate (DG) and possi ble mechanismonul cer-
ative colitis (UC) induced by trinitrobenzene sulfonic
acid (TNBS) inrats. Theresult showed that colonic
mucosaof UC ratsshowed hyperemia, ulcersand infil-
trated inflammatory cells. DG dose-dependently attenu-
ated the severity of grosslesionsand reduced the his-
topathol ogica scoresM PO activity and MDA concen-
trationin colon, and IL21f3 and TNF2a in serum were
sgnificantly increased; SOD activity wasreducedinUC
rats. Accordingly, Colon adminigtration of DG exertsa
protectiveeffect on coloninjury in TNBS2induced UC
rats, which may be dueto anti2oxidation andinhibition
of inflammatory cytokines.

Theanti-agingrole

Freeradical theory of aging explained that the oxy-
genfreeradical initiated chain reaction, producing more
toxic hydroxyl radical and H,O,,. Thesefreeradicals
attack cell cytoplasm to generatethelipid peroxidation.
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Then LPO attack biologica macromolecules, suchas
protein and nucleic acid, thuscreating old age Lipofus-
cin. Lipofuscin content areincreasng withagein gen-
erd, and thiswill lead todeclinein cdll function, which
manifestsas aging body. Exogenousfreeradica scav-
enger can reduce LPO Organize content to play the
roleof anti-aging®.

Researcheshave shown that rat plasmaL PO lev-
elsincrease with age, also reported that elderly rats
GSH-Px (glutathione peroxidase) activity'® and cata-
lase (CAT) activity'®™ |ower than young peoplesignifi-
cantly, so LPO content and GSH-Px, CAT activityin
animalsareimportant biochemical markersof aging.
Wang et al .2 studied the effect of liquoriceon senile
rat, and found that |ower antioxidation and higher lipid
peroxidationwereimportant causefor senility. Theli-
quoricehad anaffect on senilerat by raising the activity
of antioxide (CAT, GSH-Px) and dropping LPO leve.

In recent yearsthere are many studies on carbohy-
drate anti-aging or anti-fatigue effect. Yang™! used ul-
trasoni c-microwave synergisti c extraction techniqueto
extract polysaccharidesinliquorice. Hydroxyl freeradi-
ca (-OH) and super oxide free radicall (O?) were de-
tected by spectrophotometry. Theresult showed that
polysaccharides has good scavenging effect on -OH
and O?, which can bethe basisfor heath-caredrugs
using Glycyrrhizapolysaccharides.

THE PROSPECT

Liquoriceisextensvely usedinthetraditiona Chi-
nesemedicine (TCM). Inrecent years, therearealot
of pharmacological research onlicorice. But thevast
majority concentrated in the Triterpene saponinsand
theFlavonoids.

As one of the major components, Glycyrrhiza
Polysaccharideswas studied much less. Flavonoidsin
licoriceand glycyrrhizic acidshavebeen developedinto
food additives, pharmaceuticals, hedth careand other
skin care products, while the product of liquorice
polysaccharidesaretill in primary stage. By reference
of herbal polysaccharides’ development recently, we
treat liquorice polysaccharide asagood research di-
rection.

On the other hand, the research ideasin general
areasfollows: separation and purification of licorice,
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and then conduct astudy of itspharmacol ogical effects.
Althoughthe source of thepharmacologicd effectscan
be precisdy known, but after dl, licoriceisnatura Chi-
nese herbal, theinteraction between the various com-
ponentsin thebody can be playing moreimportant role
than the single component. Therefore, we suggest that
on thebasisof the study of theactiveingredients, we
should pay moreattention to thetota -herb activity and
theinteraction between different components.

Itisnecessary for drugsto arrive at thetarget Site
with acertain concentration. Licorice hassuch charac-
teristics. Researches have shown® that glycyrrhetinic
acidisatarget toliver cells, can be used astherapeutic
drug ddlivery (such asanti-liver cancer drugsand anti-
viral drugs) . Theuseof licoriceantioxidation to deve-
lope health care new drugs has broad prospects.

The means of molecular chemical modificationto
improvethebiologica activity of antioxidantsand ex-
pand the scope of gpplicationisaforward-looking re-
searchfield. Theresearchershavetransformed vitamin
Cintofat-solublevitamin C ascorbyl palmitate, thetea
polyphenol (TP) into afat-soluble compounds®®. Re-
search showed that these chemica modificationcansig-
nificantly improveitsantioxidativeactivity.

At present, the chemical modification of licorice
antioxidative ingredients mainly concentrated in
triterpenoids(glycyrrhizicacid and glycyrrhetinicacid).
Glycyrrhizic acid contains hydroxyl and carboxyl
groups, thusreacting with drugs containing hydroxyl,
aulfo, carboxyl functional groups. Theester derivatives
of glycyrrhizincan add, complement or even generate
new pharmacologicd effects.

Russian scholars® produced glycyrrhetic acid
through chemical semi-synthetic method. They found
that thecompoundshave similar hypolipidemicand an-
tioxidant activity with glycyrrhetinicacid, lower Sdeef-
fects. Another Russian scholar™ successfully
trasformed 18B-glycyrrhetinic acid into 18a-
glycyrrhetinicacid through amoreeasy way. Themethod
isof great significanceinsimilar structural designand
synthesis. Reasearcher in Xinjiang Medica University
used structura modification principle, glycyrrhetinicacid
asthelead compounds, to eliminate or reduceitsside
effects of false aldosterone. They synthesized new
derivativeswith antioxidant, anti-inflammatory and anti-
atherosclerotic activity!™. Wetrust that deep research
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into Glycyrrhizic antioxidation will provide more de-

tailed theoretical basisfor the utilization of thistradi-

tiona chineseherb.
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