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ABSTRACT

Recently many investigators have initiated searches for immunomodulating substances from natural food sources.
Ginger (Zingiber officinale Roscoe) has been used as a raw material in many traditional preparations since the ancient
time. This study was performed to investigate the immunomodulative effects of Zingiber officinale Roscoe in mice,
using ex vivo experiments. In order to elucidate the immunomodulative effects of Ginger, water extracts of the plant
were orally administrated into mice, and isolated splenocytes and macrophages were used as experimental model. In
order to identify its ex vivo effect six to seven week old Balb/c mice were fed ad libitum on a chow diet, and water extracts
of ginger were orally administrated every other day for two weeks at two different concentrations (50 and 500 mg/kg
b.w.). After preparing the single cell suspension, the proliferation of splenocytes was determined by MTT assay. The
result of ex vivo study showed that the highest proliferation of splenocytes and macrophage activatation was seen in the
mice orally administrated at the concentration of 500 mg/kg b. w. of ginger water extracts. In conclusion, this study sug-
gests that ginger extracts may enhance the immune function by regulating the splenocyte proliferation and cytokine
prodution capacity by activated macrophages in mice. (Korean J Nutrition 37(9): 780~785, 2004)
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N

g

5

¢

N
%

B o> Tt

AGAEES] T4, B3 2 31’%7113_% =t
—rﬂ%"ﬂ o3 =E, gzt 44 @_t’é
80] Astd AeelA] douy= Ro®
A BAAAL 7150] Astd F¢ él%% &

(o3
T
T,
flo

38
(o]
B
12

4> 3
5:2

o,
it

ikeE SN Qe E}%@ AT7F 27EHL e A
2 olAg 27§83l 4F Fel ixﬂo%— Aied
4=3) Joka 233} Qo)) 7)S5A BAFTA 9 Fdtof tf5t BA
ol ¥oRI1 itk 53] WA HE Ade rﬂ*&_i =3P
A, A oAy, AT a3k Sl i A7EM A A
A R g mdel 2 4% ARdde Uehlis 2400
et A7t @ds) AYH T Yok AL ofdd o @
A 120049 9€ 29

A9 £ 20049 114 199

$To whom correspondence should be addressed.

Y thdd 2224 23 L T2 2838, 1 S/s &
718} ojggkoZ Qlate] o FEet AT A AMSHoA 1
Aok A7) A8 AdEo] drAre? $dF8Y YT
A2eE Astad, A8 S Yehe oz 1
DT Qvh A7) Wdn AEY TR A &4
LA (oleoresin), AAE (gingerol), &£7}& (shogaol)
o] AAMSAE 75 BYFAA Heds S &
W7} Qe ZAoE B Stk b £ AT |
AFHeS Zre AA AELAEA A7 dY F4av
ABS g3 2 AR AFE

2 AgolA P MPATVE T3l A QrFE
20] k-2 W97 5E S A F AES in vitro ’Qaﬂ
= B3t el vk B AFE I digk 345
TEA AL G5 F2ES 4EFE A A7 -1—01?2*
S84 o] AlFE7} vheA YT u A dEE A
2l (ex vivo) AT-E F3t] g5k}t ik wietr] A7

U5 F2ES AUR 27 U ATEAG vpeA] u)F

© 2004 The Korean Nutrition Society



AEZ F257 84 ST E8)=E cytokine
(IL~18, IL—6, TNF~a) 842 #H3E =43l 43
7} F&50] upg-A HATe vXE GFE Ao, A}
2L HAAES] 7164 AF e FedE AAstt

Eis=d
P8 X U

1. AexE U ApEE

B FE2EL T2 Az ANRE FHT 80T 824
oAl 3AZH 33] bR &% § IRFEEI A 3%
ES 4tk £ Aol AMRE FES 7T-8FFHE ¢A
Balb/c mouseg® (F) ietBFEAIELZRE] F9F o}
13 Algst & ARl FEhHA 7-8Y AE AY
FEANN ASAI F AFo] 15 g WA whe-AE AY
ol AR3ISITE A8 T2 2EE 22+ 2T, §EE 40~
60%2 A1, HYF7] (Light and dark cycle) &
1207 W92 2BaRI0 A% Q4 $2BL 2% 50
mg/kg b.w.¥} 500 mg/kg b.w.2) F57} HEE BdF
FrE 348l 0.2 mLA 257 U2 Fo39lY, U=
T2 AR E 5% Foaqith

Mg TE9 ¥ & Fig. 1% 2tk

2. N2t S HA|

£ Aol AR Hix}l= RPMI medium 16402] GIBCO
BRL (Grand Island, NY, USA) Y AFEE AH3Hia,
fetal bovine serum (FBS), lipopolysaccharide (LPS),

concanavalin A (ConA), thioglycollate, sodium bicar-
bonate, ammonium chloride, TRIZAM®base, TRIZAM®

7-8 weeks old Balb/c mouse (%) \

Oral administration of Ginger
water exiract every other
day for 2 weeks

[ ]

0 (control) mg/kg b.w. 50 mg/kg b.w. 500 mg/kg b.w.
n=12 n=12 n=12
[ I J

Splenocytes

Proliferation by
MTT assay

Macrophage

Cytokine production
(IL-1B, IL-6. TNF-a) by ELISA kit

Fig. 1. Study design of ex vivo experiment.
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hydrochloride, trypan blue solution (0.4%), 3—(4, 5—
dimethyl—thiazol—2—yl) =2, 5—diphenyl tetrazolium
bromide (MTT), DMSO (dimethyl sulfide) 52 Ajeke
Sigma Chemical Co. (St. Louis, MO, USA) AJ&-& A3t
.

3. Op9A HISM|EQ| H2 ) BYot

v BRI E ] Hal= Mishell 579 9o} 93
APsioict. AFEETHoE A vhero] vAE 7
#H o2 A%3lo] RPMI 1640 &0 AL oL 7
TelEo 2 7PiAl 28l AEE felAFnh EeE
HE HENE 200 mesh stainless steel sieve (Sigma
Chemical Co., St. Louis, MO, USA®] £3}A]71%& 50 mL
o] dA#e] Y1 47T, 3000 rpmellA 1087 94 A
M)A Cell pelletg 4}tk Cell pellet Tris—buffered
ammonium chloride (0.87% NH,CI, pH 7.2) &} 574
o] FAA 587 Mstd HETFE AA3t RPMI
1640 &R0 2 23] YA MFH3Ich ol HIAAEE
10%9] £843d FBSE §#-3 RPMI 1640 §-<iof ¥
A¥A1A, trypan blue solution® & F43$ ¥ hemocyto-
meterg °|83le] I AXSFE SHFA HEFE 50X
10° cel/mL9] FE& 3|Ai3lo] 96—well plateol] 90 L
A BFe T NE FA5 FR60 AR

4, BN E A5 0= 3% &7

7} FHE vl wIAIE ZAEe sl el v
AE JEAL 50+ 10° cell/mLe] HEZ §43lo] 96
well plate®] Z} wello) 90 #LA BF3)}9t) & mi-
togen®® ConA 6 gxg/ml), LPS (15 xg/ml)E 10 L
A B8t dxToe wiAE FEoR EFIsi £
B9 plateE- 37C, 5% CO, incubator (Sanyo) ollA] 444
3t wRekele) MTT assay € AAIBKATE & vids MTT
5 10 pL7Feka, ¢FolE 342 U3 447 B¢
ThA] HleF8le] formazan crystal A€ #2319 1
F 4%, 1500 rpmellA 57 94 23l AEae
Azt zt wellell 150 pLe DMSOE 715l 1087 %
X3 & ELISA readerZ ©]-83t0] 540 nm9] HAollA
FHEE S vieA vgAEe] F452 o
2ol AArE S}

Proliferation Index = Sample?] 4% /Control®] T3%

5. O1eA 53 THAINIZES| Gytokine (IL-13, IL-6, TNF-a)

B 5

2

W A5 22BS BT TR mHA) B2 oy



782 | A7F3=55-9) =S4

AZE FE3t] A T wioRdS Ao 2R E £

= cytokine (IL—14, IL—6, TNF—a) ] 0% 217}
F333tk & 10% =843t FBSE /& RPMI
1640 €4S 1 X 10° cel/mLe] MEFL7} HES 244
AA 24—well plate®) Z welldl] 1000 xLA BF3}1o]
37T, 5 % CO, incubator (Sanyo) oA 2417} vjoFsict,
%) w3 8] S-S A1 7} welloll 10%2] 284
3ld FBSE $73% RPMI 1640 £38 900 «L, A
ZE 8431117 mitogen?) LPS$} viA|E 100 L 7}
3 3 37°C, 5% CO, incubator (Sanyo) oA 48X)7}F vl
Eipai=s ﬂﬂ% Aeole Baldlo] IL-14, IL-6, TNF-«
o] ¥H]3-& ELISA cytokine kit (R & D system, USA)
& o] g3t A3}

6. 1 24

nE AflAate] 8= SAS (Statistic Analysis Sys-
tem) FA T2IAE o]8sto] FH Y FFHAE Tt
gk Zb 740 vl z4zhe] @9l #ANEA (Analysis
of Variance, ANOVA)E ARE-3818 2, Duncan’ s multiple

range testZ a =0.05 FFolA FI49& AFsTh

1. ¥ FZE0| Ot9A B 01 R= FF : & vivo A8
A A1 ADHAY (in vitro) AFoNM A7 EF
Eo] WAL 4] 53 857 A MRS cytokine —r—H]

225 %050] AU o) AAF wigeE B
Ao M= A 9 (ex vivo) B2 o]@3l] A7 A5
FE 20 ATFF7} vpe-A HIFAE S5, B tjalA)
oA Enjshe cytokine (IL—14, IL-6, TNF—a) A4
ol ojugt J3E w|A=A] BEFTORH AAelM A
7 A 259 d9@YaTNE At sk

1) HIE A
HIA-S T J3F, B 224, 281 giAAE 5 o8 7t
A Fz7E AR o] e dBAR HAr|goeR, ols
ol S22 745 vjEAl, AlolE7R], T F o
F80] 224 o3t AP DNA TAH tjEo] AER
‘”94 Anz Yehhks 7ol waba BIRAIEe] 37
£ WA Hee g #Yo] Qe AR ¥
3 zﬂu}g‘ =3 v)3 2)4¢ (spleen index) = BIA2 T4
2 ¥Foz M X ARE AX u/iA dY e}l
GVH ¥Fe-(graft—versus—hos reaction) oA H|Z X4
7} 1.3 o3 w) o whe-& Bo| AAL slRHW g 5

m\m mi)!'

m

0

Q] $74& HRAh? 7} A¥o] AFel uigh v vl&
< BlA-AF 25 (spleen weight index) 2 AAH o=
T} HlEste] A2 AMEHZ|E Sk 2 AYexe
Aol et vl vl&-& spleen weight index® %713}
A °fﬁl spleen index¥ thZT9) spleen weight index=E 1
Boe W 7 HEE gs UeiglY (Table 1), 2 A
"ﬁv—f«] spleen index: 1.006~1.0962 HE vepd

onf theFa wlmA] #9202 Mol Mol Ysik. ol
A% 388 113 A AAAY B FA FE A

o2 Atz

2) WY FEBCI 0194 HINE S5 Ol 3
Bl A R lse gastn 5
Npoz ARERERYY FAo et 2r|EeNS
QY 53] AXPUANSH AAYge] B

R FR7)¢o|nk ! g TAIE, BAE, qiAAES2

= doduk-so RS BHo) glomg” "y

2A317) 93 AR AT TS FrRI 2 A3
M WASA TS FEAS] st N EE MTT assay
£ olg3slo] HIFME FAF5S A3t MTT assay
= AEFES 53 =7E2A /M3 3%% *H-thymidine

uptake®] A} H|WA FARSE A07 Hugy gk
v A E F2)1%59 A3 Table 200 Yehigich 4%
g FEEL 2575¢ F2E 59 27 50 mg/kg bw.
% 500 mg/kg b.w. Tt BT v|EME XstA] &
%S ) 242 + 0.35~2.44 = 0.358 EF ¥o} #93
o7 & FABE ¥oH, 500 mgkg bw. FolrelA
50 mg/kg bw. Bt} & F45S Btk #|EAe] gt
- B, MEA WYY ARG TAXE dgaoes
735 50 mg/kg

1A
ZA4A713= o]EAIQL Con A A7 Foidt
b.w.3} 500 mg/kg b.w. FoTolA 4.60 + 0.29~5.69 *
0.342 IZT vjEl ¥2 $4%5S B304 50 mgke

Table 1. Spleen index of mice orally administered with water
extracts of Zingiber officinale Roscoe for 2 weeks

2 weeks Spleen-weigh"r Spleen
Conc. (mg/kg b.w.) index” index”
0 0.366 = 0.01% 1°
50 0.400 =+ 0.00° 1.096 + 0.03°
500 0.409 + 0.05° 1.006 + 0.07°

1) Spleen-Weight Index = (spleen weight (g) /body weight (g))
X 100

2) Spleen Index = mean of (spleen-weight index) in test group/
mean of (spleen-weight index) in control group

3) Values are not significantly different by Duncan’s multiple
range test.



b.w. §948L g%, 500 mg/kg b.w. FIToNA £2
Hog E FAFE BT AAY Hdn o) =
B HIEE ey oz FAAF)E v|EAQ LPS A7
F 2oi3t A8 500 mg/kg bow. EEAAE dF2F B
E} FeAQl Aoy HolA| ggtoy}t & FATE B
o} Wb A7 G5 FE2E ATFot uiFAME S
5ol Ule Fgkel] dig AN A izl vjE) v
AZ FAE FN7)= 208 A8"h Adachi 579
Al ﬂl 7Fo 2 g ATelA 25 Bt 149 15 g9 A% &
=g Ay ATl 4 W thromboxane B8] A
2Jo] ZrasE o2 e Wtk Con AY LPS9] A=<
o3t BB XS] FHol AR dF FEFE H/RE (50
mg/kg b.w., 500 mg/kg bw.) oA & HO=E Hol B
A} THES t&%ﬂb&o S A3} AlFlE AoE Az
o} HIAAE ST AeAIZ Bk oz, B, £
59 A7 Foig E}% AToM B HZF E3lo] 9t
AAA Hed wkgo] AR AoT Hol'W nEoT
ConAE Agg 25 << 500 mg/kgd] FEM #<
Al zlo)lg vel A% dF F2EL T MXTolA 343
He wed TS s HAA 984S S
o]Z & ANA ALH} AFTA B Tesle] B

2 W F AT AOE AlmE:

2. W% g FEE FTEY cytokine BHIS

QAAEE AIETIE BHlsl] delsg 2Ase
], 9% o] tigk Bukee ofz] HANEY A2
£oll 2eiglon olgjgt X P AlolETlklelE)
= gulde] ZAste 2 FAAte] A Eujs Fo%
oJuS 7HA A Hoh'” Al TR 93} 7)e 9Fd
A 2 ofg] 7Hx] A=l diste] g AL ME} 22
Bo] #7140z %§3ES £ B ohie} zuy
£, Aduks, by dFy 5& FEdgn vEA

mlo rlr

Table 2. Proliferation index of splenocytes of mice orally admi-
nistered with water extracts of Zingiber officinale Roscoe for 2
weeks

2 weeks Proliferation index”
Conc. Without
(mg/kg b.w.) mitogen Con A LPS
0 1% 446 £0.76° 2.39 = 0.99°
50 242 £0.35° 460+ 029° 3.83+1.37°
500 244 +003° 569 *034° 411178

1) Proliferation index = mean of O.D. in test wells/mean of O.D.
in control wetls

2) Means with different lefters (a, b, c) are significantly different
from each other at ¢ =0.05 as determined by Duncan’s mul-
tiple range fest (a>b>c).
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ofe] 7H4 WelHel WS WPS Bdo 1 = R

L H Y Fokyt Bstel Wo] Ryd IL-18, IL-6,
TNF- ot 84339 A2 HE E*éil—t— FQ Aol
E7RRIc g E3) og] £H LR W ApyhEg A

2] Hamu Aol Yo} F

B AgelAE A7 94 2252 50 me/kg bw. 3 500
me/kg bw.2] $EZ ATF0IR AT RE 27 M
EE 28 A ok 43k diaNEoT AAE I IL-1 8,
IL-6, TNF- ¢ 9 ¥8]2& 4501 2 &8 49 iz
F02% LPS (15 mg/mL) & A28 thaly £ 22E] 2]
2 cytokined ZAo =N dAAE] FAsle] tiEt X
EZ ARt

1) IL-18 883

gAste Az AEE AFEae] IL-189) 3
S ELISA cytokine kit (R & D system, USA) & o]&
3lo] 43 A¥= Fig. 2.01 UYERALL 25 FoFolA
LPSZ #g8}A] 92 A% 50 mgkg b.w.$ 500 mg/ke
b.w. F% B2Folx ZzH 78.05 + 1.23 pg/mL¥ 63.90 +
0.71 pg/mLE thZF(83.08 + 1.00 pg/mL)dl vl &
< )5 Yepdth LPSE XEd 29 50 mg/kg bw.4

s SollA 1467.93 + 10.25 pg/mLE thZF(803.58 +
11.32 pg/mL)°l vlsll ooz F& 2HE Bx
500 mg/kg b.w.2) FEME 965.33 £ 9.04 pg/mLE
tz7e] vl vlE) vlnA L Euge] BAHCh IL-
1& Th cellel 93k IL-2, IL—4, IFNy 59 A4& &
EA]?IL B HX77} pre B HET 2R Ax3he @
o} FAAF A Faske DAl A4 = Th cell
& 7Afste] FEEoEMN o]Ee #3) 9 FAE F3
22 aepa] 2 A A% 28-S BT FoIg vt
29 A ZAAN [L-148 FH]Ze] gzl vl {2

Z=Q 3l Oﬂzsl-_a_ —5]_,_74__E oLE:‘

. 2500
-
%) 2000 - [J Control
a 3 50 mg/kg b.w. N
S 1500} 500 mg/kg b.w.
g
8 1000 -
a
@ 500
=

O I T |

Without mitogen LPS freated

Fig. 2. IL-1 8 production by activated peritoneal macrophage
of mice orally administered with water exiracts of Zingiber offi-
cinale Roscoe with or without mitogen treatment for 2 weeks.

= Significant difference from control at p <0.05.
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[] Control
700 | ] 50 mg/kg b.w.
B3 500 mg/kg b.w.

LI I

IL-6 production (pg/mL)

ol T

Without mitogen

LPS treated

Fig. 3. IL-6 production by activated peritoneal macrophage of
mice orally administered with water extracts of Zingiber offici-
nale Roscoe with or without mitogen freatment for 2 weeks.

*: Significant difference from control at p <0.05.

2500 —
£ ] Control ’
B 2000 | 5 s0mgkg b
2 g/kg b.w.
(_c) 1500 | B 500 mg/kg b.w.
°
3 1000+
]
Q
o]
2 swof
Z
Z
0 e Sw— L

Without mitogen LPS treated

Fig. 4. INF- ¢ production by activated peritoneal macrophage
of mice orally administered with water extracts of Zingiber offi-
cinale Roscoe with or without mitogen treatment for 2 weeks.

+: Significant difference from control at p <0.05.

Hog Frislo} A F280] oo B Bz
FYstale] IL-14 WS FHAY 02N BAZFEA}
A& Aoz AR,

2) IL-6 ¥53

WAMEL] BAste] et | EZ AT vkl [L-6
B3e-E AT Fig. 30 YRSt 2F75¢ A% &
E£S 5o 47 LPSE HsHA] 42 %$ 50 mg/keg
b.w. 7 500 mg/kg b.w. T4 108.30 * 0.60 pg/mL,
113.25 £ 1.20 pg/mLO2 A7} F2ES Fo3lr] @2
Uz 2o} W2 Buj3g B9t LPS 76l 500
mg/kg b.w. EEToIA 403.59 + 9.28 pg/mLOE thZ
7<) 280.65 + 8.87 pg/mLell HI& FoHoZ & IL-
6 HH|Ze BT 50 mg/kg b.w. FETANE 2T
o nlg) fFolHos He Bulsg Bethol: A% A
F&Fo] vl B diaEE gA43A IL-69]
AE 2ANZOZAN A7) T afdoes &
£ + e Ale g

3) TNF-a 83

A% FEEE AT FosIiEw B AT ok
9] TNF-a BAZL Fig. 40 JeRith 23 FojZg

AR LPSE A2stA] &2 A9 50 mg/kg b.w. 3}
500 mg/kg b.w. FEoNA tdiE2T} FARE #ul& BT,
LPS &7 ellE 50 mg/kg b.w.$+ 500 mg/kg b.w.2 =
EF BFA 1799.63 + 14.26 pg/mL# 2420.56 *
17.22 pg/mL 22 YZF (1602.57 + 12.33 pg/mL) ol
v foldog ¥& TNF-o #4813 vepich

#FH Folo] 9% TNF—a 2H|3S] #HsME njE
Ag HeA] e FelMe izl vls) B $F2
TNF- a7} #0]Eglou, LPS Al 500 mg/ke b.w
(746.71 £ 36.21 pg/mL) A tiZ&F (603.59 = 16.16
pg/mL) el HI3] TNF-a w80 3oz 4533
002 AR AN A% A5 FEES AT TR AL
500 mg/kg b.w. Fo8 FollN dixFR 8o &
& 79 TNF- o7t 28|50 ol 4% 95 F58
o] He A Aol B diaMxe] 84gel Ag3p]
Y7 Ao g Atg g}

oY ANE AR BF FEES AT FAH vhe
27} tiAAEe] [L-18, IL-6, TNF—a gAo] LPS 2t
o) g3 ARz w4 veht AZER ARIEFRIY
BABAE A & 5 Ak ol ARIETIRIC] A%
g FE2o 2uF TS T=2E stk LPS
2 AZEA B2 A 2ol vl @R A 5L Ho)
A & zolg YERA G AT A AT FEE
AFel g8 HHdEd S FAFoR X1 It g
of g3t Ap50] A& A¢ FAYA A FEEo] AIHE
o] $43E Ao RN FLsie] W) YT )
Ay RO AlgHrt
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AAE A 2 (ex vivo) AEL 23 &
4 2528 277 AYZ AF kg% 50 mg?
FTEE 77} nperd BT Fojdt & u]
AT I B4 577 M EeA Fu|SH= Alo]
E7RI #H)5E SHsTE 1 A9 A FEE 5o
50 mg/kg b. w. T} 500 mg/kg b. w. & 5ol vlAME
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S GA B3 dAAZe oJg Al &5}
A% A3} [L-18, IL-6, 281 TNF-«
w.% 500 mg/kg b.w. FEeIAM 97
o= 37} sk 73% L A=d

olde ANE FHH & o FE2E AT FA F uke
2 HBAE F457 AIEFR] Bules FAg A,
AN E B3 HAE F3t] AAME, B3] nlgAx
9 S QYAAEY BYE FEFOEN AW "7
& FNE F e 7ol S ARkt AR
k=g

. e 2
2 Q7E 20019 YT FIETPLATIA Q)
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