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Effects of the Combined Extracts of Glycine Max Merr. and Glycyrrhiza
Uralensis on the Activity of Murine Splenocytes and Macrophages

Seung Yong Seo, Jinye Pang, Rihua Li, Jin Kwon‘, Mun Saeng Ahnz, Jae Soon Eun*

Department of Pharmacy, Woosuk University, 1: Korea National College of Rehabilitation & Welfare, 2 : Institute of Korea Medicated-Diets

The purpose of this research was to investigate the effects of the extracts of Glycyrrhiza uralensis (GE) and the
combined extracts of Glycine max Merr. and Glycyrrhiza uralensis (GGE) on the activity of murine splenocytes and
macrophages. GE and GGE were administered orally twice a day for 7 days at the dose of 500 mg/kg. GE decreased
the viability of T- and B-lymphocytes in splenocytes, but GGE increased the viability of B-lymphocytes in splenocytes.
GE increased the population of B-lymphocytes in splenocytes, but decreased the population of T-lymphocytes and
splenic CD4" cells. Also, GGE decreased the population of B-lymphocytes in splenocytes, but increased the population
of T-lymphocytes and splenic CD4" cells. Furthermore, GE and GGE enhanced the phagocytic activity of peritoneal
macrophages and the production of nitric oxide. These results suggest that the regulative action of immune response
of GGE is more potent than their of GE.
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2. Aok

Ao ALg3 A2 RPMI 1640 medium, fetal bovine
serum (FBS)
sulfanilamide, concanavalin A (Con A), lipopolysaccharide
(LPS), N-naphthylethylenediamine + 2HCI, y-interferon (y-IFN)
2 Sigma Co.°|4, PE-conjugated anti-CD4, FITC-conjugated
anti-CD8 antibody, PE-conjugated anti-B220, FITC-conjugated
anti-Thyl mAbse Dainippon seiyaku Co.9llA], FITC-
conjugated E. coli particle> Molecular Probes Co.ol* 13t
o AL&319 o™, 718k A|9FS cell culture® % 15 AloFS ARE
Stk AHE-7]7E multi-well plate (96-well, 24-well)= Costar
Co.°ll A1, white multi-well plate (96-well)== Nunc Co.l14] )
sl ALS-3H oW, microplate-reader (Molecular Devices,

SoftMax Pro5), CO, incubator (Vision scientific Co.), flow

Gibco Co.°lA], lucigenin, zymosan, MTT,

cytometer (Coulter EPICS-XL), inverted fluoromicroscope
(Zeiss Co.) Infinite F200 (TECAN Co.) 5= AMHE-3I4 0.

e BaEdedA dushs 2As Fulste] AbgetL
o, e AFAAGANM FHst AR, SUF 50 g
EE ST 25 g7 HE 25 g2 EFSt, 247 S/ 1,000 ml

Table 1. Yield of Samples

BEEY 2 2 Yield (%)
ERE Glycine max Merr. 20.8
2XE-HE  Glyoine max Merr. - Glycyrrhiza uralensis 17.1

4. H1FAE] £

AR MAME F2E Wysocki” 2 Mizel™ 59 W<
Stk 47 5vlElE 17 e dhe, 7+ A9 500 mg/kg S
19 23|¥ 743 BFFEAS ths AFHE CO, gasE AAAA
o H&3 ¥AS DPBSE Y2 petri disholl A ZA E4st1
Y E stainless meshZ o7&l AERFAS A& T 10%
FBS$} penicillin-streptomycin (100 units/ml, 100 ug/ ml) S 7}
g RPMI #j A 2 23] A& 3 (1,500 rpmoll A 10 £3F L4l&2),
A E BHHo 2 ST In vitro AP A= Z% ANE 100,

o

10 2 1 pg/mlE A2e F 48 A i F L3 4FS AA

EEE

5. A AE &

Az B 2 A9 500 mg/kgS 1% 284 743t
ATl stda, g Rl 4dA AFH BAd 3%
thioglycollate 2 mlE FY3IAth AFHE CO, gasZ A A,
570] DPBS 10 mlE Yol 53AEE FHaAh +38 A=
4CoIA 1,300 rppmo 2 10 B7+ YAEF3, 10% FBSS
penicillin-streptomycin (100 units/ml, 100 pg/ml)S 3 7}st
RPMI HjA 2 23] AAS &, A7 120 mm petri dishol —5’;—7—5}-
o CO, incubatorol| A 2A1 7 E<F vl 3t ATt 1A -2 Al
ZE AAT tg, FES AEZE BRUAHNEE A8 D}.

il

ox

6. AIZAZY NEIHES &
NENZEE =4 Mosmanno] 7§23te] Kotnik S2o)
WA 7] MTT WHHo 2 23549t 283 B AN LE 96-well
plate] 7 wello] 100 ¢ (12 x 10’ cells/ml)¥ #3111,
T-lymphocytesE # 23 w = concanavalin A (Con A) 5 pg/ml
£ B-lymphocytesg ##& W+ lipopolysaccharide (LPS) 10
pg/mlE A7Fs AV FrlehA @& xoR 37CY CO,
incubatorol| A 48 AJZF wiEtAch WY FE 4 AR Al 5
mg/ml SEZ DPBSe] 3|A€ MTTE& 20 ulE 7t welld 3
7Vttt 4A17F & 0.IN-HClo] €3] 417] 10%-SDS 100 ﬂ{)E 7
wellell H7bste], 28 el M 18 AIZF o wgd &, Tag
7 well?] $3=E microplate readerZ 570 nmol| A 5—73 3t

AZAEES A

2

_&

7. BIZMEZ 9 subpopulation 3

223 v ZAEE RPMI 1640 Bj A& 3| A&k, T cell?)
population PE-conjugated anti-CD4 % FITC-conjugated
anti-CD8 monoclonal antibody=, T % B cell®] subpopulation
2 PE-conjugated anti-B220 ¥ FITC-conjugated anti-Thyl
monoclonal antibodyZ ©]% @43te] 4 TollA 30 £7F ¥HSA]
21 ¥ flow cytometer® subpopulations &7 s g,
8. E7 A AZERE phagocytosis 373

B EAYANEE 2 x 10° cells/ml7} H=E HBS
bufferell F+A17, 96-well microplate (white)2] Z} wellol /‘1]4_
F94 50 ul, lucigenin &9 50 4l 2 zymosan &9 30 wWE %
7}eted, % volume©] 200 w07} H =23 & 37T A 158
Ax2e o, 308 5 lucigenin chemiluminescence %

luminometerS ©]&38}e] =439,

rulo ()

9. A M 29| engulfment &3

FITC-conjugated E. coli particles HBSSl 1 mg/ml ¥E==
AEYA]A sonificationdt § A3 W, trypan bluex citrate
buffer (pH 4.4)°] 250 pg/ml F=Z &35t AME-3A . &2
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& macrophageZ RPMI1640 Hj A2 1 x 10° cells/ml H== %
A &, 100 UE 96 wellol] B33 E. coli EY 25 E 7}
sle] 1 AIZE B9t aledet o WA S A ASIA extracellular
A3l trypan blue 100 wE 713t

inverted fluoromicroscopeZ 23} o

fluorescenceE < A|3}7]

10. A EZZRE nitric oxide B3 HF 374
NAAEZE FE A EE nitric oxide (NO) %2 Griess
HWPoz =43t £ NAHMZE 2 x 10° cells/mlE %
Ak, 24 well plateo] &3 ¥, 2+ wellol LPS 1 pg/mils} y
-IFN 25 units/mlE H7}ske] 48 A7t v kst sl 100
19} Griess Al2F 100 ubE &3] 96 well plateo] ¥ i1, 37°C
o) A 10 3+ W8 & 570 nmoll A microplate readerZ F¥%
ZA5te] vE] 43 NaNOo| Aol 93 NOy 9 5=
kst st

i

11. BAAE

ZE A¥ 2358 mean = SEE YEHAT EAAEE
Student’s t-tests A AI3t] p<0.055 7|Fo 2 FoA ARE &
AstAoh.

2 %

SH5 vAE &3

174M 229 lymphocyte mitogens A 2] 3HA] 43S
o] HZAAELES 100%2 35S |, Con AE A3HHAE o
AEYELL 1685 + 29%2 ZF7}etgon, LPSE AHEstdS
W AZYEEL 1611 = 22% 2 7181930k GES T3ty &
23 v A Ee] lymphocyte mitogens X 2]5}A] %S uwfe
HEPEZEL 956 £ 15%E, Con AS im-a‘}aig w o] A3
E&L5 1586 + 28%=, LPSE AIAS W AEZAEES
1465 + 2.7% %2 iz HlF] % ia}%@ﬂ% GGEE Fostx
218 vAAM X lymphocyte mitogens #2]|31A] 2gkS WH
o AZAELL 1005 + 1.6%Z GE Tl Hla] Z7131%

™, Con AZ A23AE o] AZHELLE 1566 + 1.7%E GE
Ty ¥ o7k glglon, LPSE HslS W A=
&2 1598 + 25% % GE Tl Hls) S7}sk A th(Fig. 1).

In vitro A&l A lymphocyte mitogens #2317 &2 O
279 AZAEELS 100.0%2 39S W Con AS HH3HAS
W= 1497 £ 1.6% 2, LPSE A2l3t5S W= 1459 + 18% 2 F
7Vetdth. GE 1, 10 ¥ 100 pg/mls A 3tal lymphocyte
mitogens A A FUS W MEREES 1026 + 12,
1035 = 1.5 ¥ 107.6 = 1.1%Z, 100 pg/ml FEA thzFo] Hl
& =718t921, Con AS A28} 2S W= 153.0 + 1.6, 153.7 +
17 2 1526 + 15% 2 2w B Aol7t e, LPSE A g
PS WE 1622 + 12, 1432 + 2.0 2 1431 + 15% 2 th2T-ol
Hls =71kt GGE 1, 10 2 100 pg/mle A stx
lymphocyte mitogens ]8R] %S wo HEAYEEL

1 gAY
we)§ )

- x EFFEEC AR HIFAE B AR B WA= ¥

1045 + 1.3, 111.2 = 1.5 2 1132 + 12% =, 10 ug/ml ]3] &
oAtz Hs) F7HetR e, Con AS AFsAS W=
155.0 + 1.2, 145.6 + 1.7 2 1496 + 1.7% % hEZT3 ¥ o)}
Ao, LPSE A edS W= 1605 + 0.7, 1472 + 12 ¥
156.5 + 1.5% & GE Foftol Hls| 5715t At (Table 2).
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Fig. 1. Effects of the administration of water extracts of Glycine max
Merr. (GE) and the combined water extracts of Glycine max Merr.
and Glycyrrhiza uralensis (GGE) on the cell viability of mitogen
treated-splenocytes in mice. The samples (500 mg/kg) were administered
p.o. twice a day for 7 days, and the separated splenocytes (1.2 x 10" cells/ml)
were cultured for 48 h in RPMI1640 media mixed with an activating mitogen of
concanavalin A (Con A) or lipopolysaccharide (LPS). The data represents the
mean * S.E. of 5 mice. * Significantly different from control group (+; p<0.05, *+;
p<0.001). #; Significantly different from GE-treated group (p<0.05). Con A;
Concanavalin A, LPS; Lipopolysaccharide.

Table 2. Effects of GE and GGE on the cell viability of splenocytes
in vitro system.

Dose Lymphocytes Mitogen

Samples . gjmi) . o A) : LPS(+)
Control - 1000 = 14 1497 + 16 1459 + 18
GE 1 1026 + 12 1530 £ 16 1622 £ .20
10 1035 15 1537 £ 17 1432 £ 2.0
100 1076 * 1.1+ 1526 + 15 1431 + 15
GGE 1 1045 £ 13 155.0 + 1.2 1605 * 0.7
10 M2z 15 1456 + 17 1472 £ 12
100 132 + 1.2 1496 + 17 1565 + 1.5

The various concentration of samples were treated into splenocytes and then the cells
were cultured for 48 hrs. The data represents the mean + SE of 3 experiments. %
Significantly different from control group (x p<0.05, *+ p<0.001). #; Significantly different
from GE-treated group (# p<0.05, ## p<0.01).

2. HIZGAH 29| subpopulationo] W] X|& &3}

WAL F hEF9 B220 positive A1 (B220") A E=
38.1 = 1.5% ©]%1.e™, Thyl positive Al E (Thyl")E 208 = 1.7%
o]t GES FoJstar #2]e AL F B20" NEE 445 +
14%Z, Thyl” AIZE 145 = 11%E 2T le‘sH B220" HlE

Z7b8t 3, Thyl” AEE #4389t GGEE F4stn £23

lﬂMu % B220" AlEE 372 + 18%E, Thyl AELE 217 +
1.8%2 GE Foftol vls) B220" A2 743, Thylw AE
%7}t th. Splenic T-lymphocytes & th &< CD4" A3
162 + 0.4% ©1% 3, CD8" A EE 74 + 03% °11em, GES
oJ3tar #2]3 splenic T-lymphocytes % CD4" A|E+& 13.1
05%%, CD8" AEE 72 + 03%E CD4" AE7} thzTol &)
HAadAon, GGES &

H~l

il
o Hnorr e

3tal #2]3 splenic T-lymphocytes
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Fig. 2. Effects of the administration of GE and GGE on the
subpopulation of murine splenocytes. The samples (500 mg/kg) were
administered p.o. twice a day for 7 days, and the separated splenocytes were
stained with PE-conjugated anti-B220 and FITC-conjugated anti-Thy1 monoclonal
antibody or PE-conjugated anti-CD4 and FITC-conjugated anti-CD8 monoclonal
antibody for 30 minutes at 4C. The subpopulation was determined with a flow
cytometer. The data represents the mean = S.E. of 5 mice. * Significantly different
from control group (+ p<0.05, **+; p<0.001). # Significantly different from control
group (#; p<0.05, ## p<0.01, #HH: p<0.001).

3. A2 E25d MAE &
Chemiluminescence> T4 M 7} ®&2]8 3=
+ oxygen radical®ll ]3] HAFH, lucigenin®l] 9|3
Ao A 9. bz o4y /‘ﬂgi‘j 1= I
lucigenin chemiluminescence®l Hl3, GES sha # g
21| oA A EE lucigenin Chemllumlnescence7} =7}t
on, GGEE T3t &g fAAEANA AP E=
chemiluminescence= GE Fo| HF ¢5 %7}‘6‘}%{\:}(Fig.
3). B3 FITC-conjugated E. coli particle®] B25& S48
Y= GEE Fosta #2]g A M XS] engulfment’} EHZ:EOH
H&  F7retdem, GGEE Fo3tn #E3 didAxze
engulfment’t GE Fotol| 3] Z713t 3 th(Fig. 4).
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Fig. 3. Effects of the administration of GE and GGE on the level of
lucigenin chemiluminescence in murine peritoneal macrophages. The
samples (500 mg/kg) was administered orally twice a day for 7 days and the
separated peritoneal macrophages (2 x 10° cells/ml) were cultured in HBS mixed
with opsonized zymosan. The level of lucigenin chemiluminescence was measured
for 30 min with a luminometer. Each bar represents the mean = S.E. of 5 mice.
« Significantly different from control group (p<0.05). # Significantly different from
GE-administered group (p<0.05).

Fig. 4. Photomicrographs of the engulfment of FITC-conjugated E.
coli particles in peritoneal macrophages obtained from GE- or
GGE-administered mice. Photographs (taken at 200X magnification) showing
the uptake of FITC-conjugated E. coli particles in control (A), GE-administered mice
(B) and GGE-administered mice (C). The macrophages were observed with an
inverted fluoromicroscope.

4, B QAAEZ HE nitric oxided] AA vlX= a3}
279 UAMZol| LPS9} y-IFNS A3l ka1 48 A
H] F3FS W nitric oxide(NO) A F2 1.6 = 0.2 uM ©] 3]

, GEE Foiala 23 g4 EoA NO 844 2 GGE
£ Fojata £yg A ZAA NO A =3 8 2
o]7F 1o}, LPS9t v-IFNS A2dtgle W thxFe NO A
JEL 165 + 04 pME Z7}519 oW, GEE £435tn 23t
A A Eo A NO A% 227 + 0.5 pMZ tj 27 43|
7betaem, GGEE Foata 23 A Aol NO A4 %
& 283 + 0.7 yME GE T3l vl&) Z718}%th(Fig. 5).
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Fig. 5. Effects of the administraton of GE and GGE on the
production of nitric oxide from murine peritoneal macrophages. The
samples (500 mg/kg) was administered p.o. twice a day for 7 days, and then 3%
thioglycollate was injected i.p. at the 4th day. Peritoneal macrophages (2 x 10°
cells/ml) obtained after 2 hr adherence period were cultured for 48 hrs. in the
presence or in the absence of LPS and y-IFN. The production of nitric oxide was
determined with a Griess reagent. The data represents the mean + S.E. of 5 mice.
*; Significantly different from control group (p<0.001). #: Significantly different from
RE group (p<0.05).
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helper T lymphocyte (CD4") ¥ cytotoxic T lymphocyte (CD8")
2 2350, 319 helper T (Th) AE % Thy AZAE ¥
-IFN % IL-27}, Th, AlZolA+e IL4, IL6 % IL-10 59
cytokine®] #H 5], ©t2 T, B Y37 % macrophage?] 5243
23E X3t A= g#HA A, cytotoxic T cell tumor

cell9] lysisE ¥27]" macrophages S 7| A= &
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Hlal Zrastglon, GGEE Folstal w2 HA
AZ9 BEEL Con AZ AHEst3lE W= GE Fofol sl
g Zol7t glloy, LPSE AYetilE W= GE Fofzel Hla)
Z7bshgleh, ol el § A9 GE elol 98l T 2 B lymphocytes
o] AEEo| 7AHY, GGE Foo ¢4 T lymphocytes®]
A&
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|
S ZAAaES Yrlste ot olHd HEE 747 GE
2 GGEE 1§&% ARJQA M e, FF I &
st} #Fstojof & FHAolth,

GE 3 GGE9| o8 wAME] AEES AstA7I= 2§
o] GE % GGE¢ AA&o] o3 AJAAE #&st7] A8 in
vitro @& AAISAT. GE 1, 10 2 100 ng/mlE A2 etA &
u, 100 pg/ml F=NA AEAEE] F715t9 21, GGES A
Z3tAS W= GE Fowtol vla F71stdth. T lymphocytes
A stds W= GE ¥ GGE Agatas
g gz 8 2ol 7t 1l e, B lymphocytes mitogen$! LPS
£ A2 As e GEE AstA S o vzl Ha kst
Homw, GGEE AHlatds W GE T Hls) F7kstdoh
o= GE % GGEE in vitro Ag|3tH<S Wl =2 B lymphocytes
o] AEFo] F71staL IS 9nstE Aot In vivo A E ol A
GE Fod oal] NEAEEe] ZAastA=H, in vitro A 3HSA
=t AEAEE] S AL, GE % GGEE 471F

< ), o]& E40] lymphocytesol] Ao 2 285}

AZAEES T2AE AAstE 232t & 5 Utk

GEE F4939<S ol ulAA T B220" A E2] population
) x7ol wls] =71t o) Thyl A2 9] population 7FAs}
dom, GCGEE F43t9e o HAAEY B20" AEo
population GE Fojatel Hla] 7HA3iglon, Thyl+ A9
population GE Ftol| Hl8| F71sla, GEE 39S )
splenic CD4" A 32| populatione tHZET 3H 7HAasta,
splenic CD8" 4| 9] population thEF3} ¥ 2ol 7} ¢lloen,
GGEZ %918+99% 1 splenic CD4" Al £ 2] populatione GE F
o] ol Bl&j Z7}38kaL, splenic CD8” Al £ 9] populatione &
Aozt A o] GE Fooll 3 wstE = v A £
population GGE7} 3| &A1 4 53 v|ste Aot

Lymphocytesol A &1 =& cytokinesE< T 4] A2

mitogen?l Con AE

zA

e
il

o - 72 EFFEEC] AF Y AL R dAAEe] A vAe

of
e

1

e AoE geiA 7] MEol™, 87 Az EulsEs

O % phagocytic activityE Z838tth. F-2ZHH o]=Z o]
FAsA HA A= A7PEoIE s M ETL L8t E o
ga#tgo] FXH olgg ®4%E  polymorphonuclear
leukocytesol A= Gojdtt, B Aol A tj2 A X9 phagocytic
activityES Z43}=Hl chemiluminescence® &34 3t WHE
&3tk o] W9 de)e UM ET} particleS phagocytedt
£ &% oxygen radicals AA3t=d, oW AJE oxygen
radicalZ} lucigenin®] ¥H&-3}4 lucigenin chemiluminescences
TS = Ae SH TS 2ZH phagocytic activity7} I H= A

of

Z

S Fglste Aotk GEE Fostn He3 27 faAEE
¥ lucigenin chemiluminescences &3 Az o] bl
3 F71st e, GGEE F43ta 83 57 Az 2 H

lucigenin chemiluminescences &3 A3} GE Foiol H3|
%—7]-5]-%113]— T3, FITC-conjugated E. colig ©]&3te] A3t
S UE, s AFEAE At oY AA= GEE FA5
kil EH*‘*ﬂ;ﬁ_Q] g4%5¢ 5744713, GGES Folstd GE Bt
o st HA5E /MRS orlste Alolth

LPS$} y-IFNS Helsha] e tlzzd A 2ulHe NO%¥
< LPS9 y-IFNS AHZstds o #A3] 718t en, GEE
Fosta 2Eg NI ERE EREE NOY¥S LPSY y
AFNE AZlstls o tizwel vls Srhskslor, GGES *
osta B2g HAHNEZRREH FHEHE NOYS GE T
H3] F7tetAth NO= &433td th2 A2 9] pseudopodia 34
S JAste Aeg 2494 99 GE ¥ GGE7} g4% 2
NO #4& A4 27/ ATE Ads, o5 F2%5 71
&o] NO%= the A2 E T3ty Ueua a5 AAketeE A
olg} & 4 itk

e} Z
SUT 28 GBY FUT 3

0

A BTFA 4

g A o 22 HES ¥4
GE ZA7Foe vZAEY T- 9 B-lymphocytes B EES

WAA7IY, GGE A5 € B A E 9] B-lymphocytes B E&

S Z7MAZY. GE ¥ GGEE vIAAXE in vitro XA

AEES F/MFATSL GE AFFde

B-lymphocytes®] populations % 7}A17]3, T-lymphocytes®]

(o

B-lymphocytes ]
population & splenic T-lymphocytes®] CD4" cell®] population
< aAHoY, GGE 759+ B-lymphocytes®] population
< FT&A7]13,  T-lymphocytes®]  population 2 splenic
T-lymphocytes®] CD4" cell] populationS 7 #H . GE %
GGE B7Fde 57 aAxe 9455 $7H17. GE ¥
GGE ZA75de 7 A L2 X E nitric oxide AL =X
A A

2] ’d@ “Jr GGE7} GE Bt} HIZAZ 5 24 2]
@45 " AdstA F7HAH

M

[¢)

_'_,
of
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