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Effect of Zingiber officinale Roscoe Fractionation of Extracts
on Mouse Spleen and Macrophage Cells Activation
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Abstract

Ginger(Zingiber officinale Roscoe) has long been used as a food source in Koera, and it is widely used as a dietary condiment
throughout the world. The present study focused on the immunomodulative effects of ginger extracts via in vitro experiments.
To indentify the immune-activating fractions of the plant, we performed the systematic fractionation of ginger with methanol,
hexane, chloroform, butanol and water for separation and refining. The results showed that the chloroform fraction had the
highest immune cell activating properties. In conclusion, this study suggests that ginger extracts may enhance immune
function by regulating the splenocyte proliferation as well as the cytokine production capacity of activated macrophages.
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Fig. 1. Solvent fractionations of MeOH extract from
Zingiber officinale Roscoe.

& S FIEFAEA
CHCl3 Fr.
(20 g)
silica gel CC.
CHCl; MeCH=20:1-3:1
I I | |
ZOA ZOB Z0C ZOD
s g) C9 19 29
silica gel C.C.
CHCl; MeCH=15:1-8:1
I | I
ZOB1 Z0B2 ZOB3
(031 g (080 g 033 g

Fig. 2. Purification of immunomodulator from chlo-
roform fraction of Zingiber officinale Roscoe samples.
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serum(FBS), lipopolysaccharide(LPS), concanavalin A(ConA),
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Fig. 3. Proliferations of mouse splenocytes cultured
with different fractions and various levels of Zingiber
officinale Roscoe extracts.

Proliferation(%)=(mean of O.D. in test wells/mean of
0.D. in control well—1)x100.

Spleen cells(5%10° cells/mé) were cultured with fraction
of the extract on 96-well flat bottomed plates for 48hrs.
After cultured, the degree of impocyte proliferation was
measured by MTT assay. The data present the mean values
+S.D. of three experiments.

M: Methanol, H: Hexane, C: Chloroform, B: Butanol,
W: Water.



128 =

Wth 22X E FIES ZHoE Eeldle 419 A9
2 B3(fraction) S AU 4711 £ vF S5 &
HEE 10 pgmls} 100 pgmle] FEolA ZOB HF(1.35+
0.01, 1.25+0.08)c1 4 Z}7; &2 A& Bt) ZOB £33
Z2REEN TS 42 IS sHERREES
W Ere=15:1-8:1) £t ~%-2 ZOBI, ZOB2, ZOB3 &
518 AQith ol& B9 H|F F2]F Table 20 YEbA
AAZ 10 pgmis} 100 pgmle] sEoA Zkz} 1.1940.10, 123+
0.602.24] ZOB3 ¥go] 7} & 84& Jeith

3. M2 20122(0| njPA SACHAM|ZE AO|EFIR! &
Mo olxl= HE

U2 ZE Aol ol BA-E B A Aske HH A
Azl 741 Aol 711 S Rrlste] B BYE 2.
IL-13} IL-6, TNF-o = 243d tAHZ25H 845 e
A=A Al EFRIC R, 27] Wk A AFE FEAA
W 71%S sk b, AV A 28 A9 ekl S
5z Zo] T o] &Hr| % gt} E3F Interferon(IFN) 2]
A 3£ Tipopolysacchari-de(LPS) 52| A =4 Edd 93]
g4 8}5] 0] INF- @, IL-1, nitrite(NO) 5 41 el 53] U
oy 7l BAL BeeplE .

1) IL-15 E2H|2

AL Bt Ui A X2 AE W FA FHE
IL-189) §3S ELISA Ate] 7191 kitg o] 8ste] ST
A3He Table 39 YRR 2d3Hd A zeld 3w

Table 1. Proliferation of mice splenocytes treated with
colum fractions of chloroform layer of Zingiber officinale
Roscoe extracts or mitogens

Proliferation index”

Fraction”

10(zg/ml) 100(¢g/me)
Control ¥ 1
LPS 1.05£1.017 1.05+1.01°
ConA 1.15+0.08Y 1.15+0.08Y
ZOA 1.24+021% 1.000.03"
ZOB 1.35+0.017 1.25+0.08
Z0C 1.18+0.07° 0.26+0.21"
ZOD 1.01£0.06” 0.89+0.14*

Y Proliferation index=mean of O.D. in test wells/mean of O.D. in
control wells,

? Values are meantS.D. of triplicates,

9 7ZOA. B. C. D: A, B, C, D fraction of Zingiber officinale Roscoe

extracts.
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Table 2. Proliferation of mice splenocytes treated with
column fractions of chloroform Zingiber officinale Roscoe
extracts or mitogens

Proliferation index”

Fraction”

10(ug/mb) 100(x:g/mf)
Control 1% v
LPS 1.020.09% 1.02:0.09”
ConA 0.93+0.087 0.930.08”
ZOBI 1.07+0.08"? 0.99::0.01”
ZOB2 1.250.10° 0.99:0.16”
ZOB3 1.19+0.10® 1.23+0.06

D Proliferation index=mean of O.D. in test wells/mean of OD. in
control wells,

D Values are meantS.D. of triplicates,

% 7Z0A. B. C. D: A, B, C, D fraction of Zingiber officinale Roscoe
extracts.
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Table 3. IL-1 3 production by activated mice peritoneal macrophages treated with solvent fractions of the Zingiber

officinale Roscoe extracts or mitogens

IL-18 production(pg/me)”

Fractions 10(ug/me) 50(1g/mk) 100(1g/md)
Control 220.84+2.50 220.84+2.50° 220.84+2.507
LPS 501.43+4.30° 501.43+4.30” 501.43+4.30”
Methanol 186.4240.50° 203.95+0.40° 273.45+4.42°
Hexane 235.782.07° 320.34+0.60° 324.76+5.23°
Chloroform 257.86+3.40° 300.23+2.81° 316.32+0.35%
Buthanol 171.48+3.80 535.85+3.42° 73.39+2.78"
Water 329.96+2.50° 285.79:£2.98" 435.83+0.98"

" Macrophages were incubated with or without Zngiber officinale Roscoe extracts for 48h,

? The cytokine concentrations were determined by duplicate cultured supernatant cells and values are mean +S.D,,

3 Mean with different letters are significantly different from each other @=0.05 as determined by Duncan’s multiple range test.

Table 4. IL-18 production by activated mice peri-
toneal macrophages cultured on the second chloroform
fractions of the Zingiber officinale Roscoe extracts

Table 5. IL-18 production by activated mice peri-
toneal macrophages cultured on the third chloroform
fractions of the Zingiber officinale Roscoe extracts

IL-1 8 production(pg/ né)”

Fractions
10(¢g/me) 100(¢g/mk)
Control 20.84+0.07% 20.84+ 0.07°
LPS 501.43+0.02° 501.43+ 0.02°
ZOAY 179.92+8.677 129.91+ 3.12°
ZOB 880.76+0.03° 189.66+ 0.56°
Z0C 782.67+0.09° 280.59+10.12°
ZOD 881.39+4.89° 140.23+ 1.12°

D Macrophages were incubated with or without Zngiber offcinale
Roscoe extracts for 48h,

? The cytokine concentrations were determined by duplicate cul-
tured supematant cells and values are mean +S.D.,

% Mean with different letters are significantly different from each
other @=0.05 as determined by Duncan's multiple range test,

9 ZOA. B. C. D: A, B, C, D fraction of Zingiber officinale Roscoe
extracts.

ZOBIA 71 £& 4L ettt E22XEd e

S g FAL F/(FREIFWEE=151-81) &F

%] ZOBI, ZOB2, ZOB3-& 4%lor o|&d) digh &4 AN

ZFHE Table 5ol YERISITE 10 pg/mt FEclA e t2T

(220.84+0.04 pg/md)=} W] sle] ZOB1(254.61+5.76pg/mk), ZOB3

(255.65£0.76 pg/ml)ol] H& WS 242 Jehith

2) IL-6 24|z
A o] Al i A E2 AX wjgde] IL-6 3
2kS 233 A3 Table 63 2t} IL-6 F1]| o] WH3l=

IL-1 3 production(pg/ me)"

Fractions

10(ue/mk) 100(xg/me)
Control 220.84+0.047 220.84+0.04”
LPS 301.430.677 301.43£0.67°
ZOB1Y 254.61+5.76" 116.2740.01°
ZOB2 203.31+7.42° 149.39+0.09
ZOB3 255.65+0.76° 150.44+0.00°

D Macrophages were incubated with or without Zngiber officinale
Roscoe extracts for 48h,

? The cytokine concentrations were determined by duplicate cul-
tured supematant cells and values are meantS.D.,

% Mean with different letters are significantly different from each
other @=0.05 as determined by Duncan's multiple range test,
9 7ZOA. B. C. D: AB,C,D fraction of Zingiber officinale Roscoe

extracts.

LPSE 713k oke] o Z(positive control)-2 228.42+2.01 pg/
ml, 29] tZT(control)ol|l A & 132.09+1.34 pg/meo]itt. &
(137.13+0.67, 159.79+5.31, 217.51£1.56)2} E22EXE £
(167.93£2.12 pg/md, 147.75+0.87 pg/m, 130.05:0.65 pg/mb)<]
10, 50, 100 zg/ml E= UCoﬂA{ o) = 2(132.09 £1.34 pg/ml)
o Hle] & 16 ¥ e WSlth. ol el $EE0
23 IL-6 FH]2F §ist TN F22EE S 10, 100 pg
nie] oA iz val feldes Be gl uld
Anole AR AFE Bch £99] £EE FEE9 IL6
ok 23 AT A= 100 pgml A7 SERIEE, U

2, BEre, #AZoA] tFT(26.3943.03 pg/m)l BisH 1+
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Table 6. IL-6 production by activated mice peritoneal macrophages cultured with different fractions of the Zingiber

officinale Roscoe extracts or mitogens

IL-6 production(pg/mé)"

Fractions
10(ug/mé) 50(ug/me) 100(g/mé)
Control 132.09+1.34% 132.09+1.34% 132.09+1.34°
LPS 228.42+2.019 2284242019 228.4242.01°
Methanol 122.61+0.87°%° 126.5143.23° 141.7323.45°
Hexane 125.4420.77° 175.0122.49° 142.08+0.78°
Chloroform 167.93+2.12° 147.75+0.87° 130.0520.65°
Buthanol 161.56+5.61° 176.78+0.89* 66.67+0.47°
Water 137.1320.67° 159.79+5.31° 217.51%1.56°

! Macrophages were incubated with or without Zngiber officinale Roscoe extracts for 48h,

? The cytokine concentrations were determined by duplicate cultured supernatant cells and values are mean+S.D.,

% Mean with different letters are significantly different from each other @=0.05 as determined by Duncan's multiple range test.

gAoR & HulEg B, &3] E22XE %oﬂH
4R e Bu)8(1147.8215.66 pg/ml) S RATH.
T A7 tHéMlE v FA] AL F=ZES 10, 50, 100 ug/mz

EollA i
"—‘14—4 IL-6 4] ‘%b] 5—5317‘]7“ S7HE e, U—}E}H o]
T B3 nlex B gAARe 42 FXAA
IL-6 ¥HFE AF5he 99 23 QAT EA%E A
2 Alzgth o3 £33 &40 2nEg ZAE Y €4
o] A et F22IES AP S 0|8 A £F
(fraction) #2338+ A3}, Silica gel column ©]-&3le] TAH
(F2aXEHge=20:1-31)0% 34 E471 col-
umn chromatography S A A]8l1 TLCE &<13tHA 4719
A83S Adgth ZOA, ZOB, ZOC, ZOD Y| 71#] ¥8&4
o] A2 Table 7, 8] VEFATE 10 pg/mle] F=olA
o] 2 2(182.09£1.55 pg/md)ol] ¥l3] ZOA, ZOB, ZOC, ZOD
Y] 7}x] 38 2 I(888.07+0.07 pg/md, 897.67+0.01 pg/mé,
849.48+0.22 pg/ml, 798.98+2.56 pg/md)o| ] ztzt frelz oz
o A4S B 7MY 2 248 B ZOB £
By} 74 &0 FERXE M EE=151-81 ¥ &2
FAE Eo7hd 283 43 ZOB1, ZOB2, ZOB3 Al 714
9] & EFo] dojzt}. E2ld B E] BG4S AFEW
107} 1009] % BEo|A] o) 22(182.0941.55 pg/me)dl] H]
3 2 242 Bk

3) TNF-o 2H|2t

Az sl Uigt A EZ AE B e] TNF-«
9] s sl o, 1 A= Table 9o UERASATE %
9 EHi-?(positivc control)Q! LPS 3 7}ir2 659.00+2.88 pg/mé
o] BH|ZS RYw, S thZT(control)ol A& 272.240.46

Table 7. IL-6 production by activated mice peritoneal
macrophages cultured on the second chloroform frac-
tions of the Zingiber officinale Roscoe extracts

IL-6 production(pg/mf)"

Fractions )
10(ug/me) 100(uzg/mé)
Control 182.09+1.557 182.09+1.55"
LPS 842.78+3.359 842.78+3 357
Z0OA" 888.07+0.07° 1266.78+0.76°
ZOB 897.67+0.01° 1273.7 £1.45°
ZoC 849.48+0.22° 1300.45+2.34°
ZOD 798.98+2.56° 1187.67+5.90

b Macrophages were incubated with or without Zngiber officinale
Roscoe extracts for 48h,

? The cytokine concentrations were determined by duplicate cul-
tured supernatant cells and values are meantS.D.,

% Mean with different letters are significantly different from each
other @=0.05 as determined by Duncan's multiple range test,
9 ZOA. B. C. D: A, B, C, D fraction of Zingiber officinale Roscoe

extracts.

pg/me] TNF-o B82S Hgrh 10, 50, 100 pgml F=2
H7IA ) 2F(272.240.46 pg/ml)el B8] 2z}t E-3(1641.10+
0.68 pg/ml, 1805.87+4.77 pg/ml, 44840 + 1.74 pg/ml)z} E2 2

2 33](2158.90£1.79 pg/ml, 2039.68+0.98 pg/ml, 423.10+
323 pgm)oll A F]H o2 & TNF-a £H5 S Bion,
TE BEolA 10 pgmee] FEIFHIRH #E FF2 TNF-
a BH|EE éﬂré Hoj FQUt}. ol& 4% 10 pg/mt A7}
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Table 8. IL-6 production by activated mice peritoneal
macrophages cultured on the third chloroform fractions
of the Zingiber officinale Roscoe extracts

IL-6 production(pg/mé)”

Fractions
10(ug/mf) 100(¢g/me)
Control 182.09:£1.559 182.09+1.55
LPS 842.78+3.359 842.78+3.359
ZOB1? 1356.13+1.56°% 837.8 +0.56"
ZOB2 967.38+3.78" 891.6120.03°
ZOB3 1401.4540.89° 1301.25+0.65°

1) Macrophages were incubated with or without Zngiber officinale
Roscoe extracts for 48h,

2) The cytokine concentrations were determined by duplicate cul-
tured supematant cells and values are mean+S.D.,

3) Mean with different letters are significantly different from each
other @=0.05 as determined by Duncan's multiple range test,

4) ZOA. B. C. D: A, B, C, D fraction of Zingiber officinale Roscoe
extracts.

3924497 ng/mle] TNF- o & 27} 28| & Aoz Aol 2
n}”’ wEbA] o] & -‘?4‘23011 ok B ti2Alxe] #48E
Z7AA TNF- ¢ BH S A=k A8S 71 1Y =4
01;(]—7} EFAshe Aoz Alggrth
olglgr A7E B3 AW A% BYE F £33 E2=
F FE30A IL-18, IL-6, TNF-a AlP|EFI] £HIE
T3t ARl EAY Ao AlREr) 0|9 Zo] Al|EF}
QA Buld] #F HPATFAA HERRE F2E UFRE
< IL-18% TNF-0 & F2A7]E 5 2Y 84 574 &3Pt
Qe Aoz Baddcyl. o2e £y gA9] AAE A

2k

2o W B4 131

g &Aool A VeI & S-S AU o8 &
A fraction B4+ Aa}= Table 109 VeI Silica gel
columnS o83l TAA(FEEEEMHE=20:1-31)<
2 2AS =o]7}9 column chromatography 2 414|513 TLC

Z FoshHA] 479 AEFS At} ZOA, ZOB, ZOC,
ZOD Y] 71 Eel g $4& A Ed d2ed} v wst
o] 10 pgmle] ¥Eo|A= ZOB, ZOC, ZOD H-&d|M zhzt
500.67+0.78 pg/md, 331.9:0.05 pg/md, 682.242.3 pg/mlE E-L
A B4S By on, 100 pgmle] FEAME ] £ BF

Table 10. TNF- & production by activated mice peritoneal
macrophages cultured on the second chloroform frac-
tions of the Zingiber officinale Roscoe extracts

TNF- e production(pg/mé)”

Fraction

10(ug/md)™” 100(g/me)
Control 272.20£1.157 272.2+1.157
LPS 659.0042.127 659.0+2.129
ZOAY 296.60+5.78" 507.243.23°
ZOB 500.67+0.78% 1001.4+2.12°
ZoC 331.9020.05° 625.5+1.80°
ZOD 682.2042.30° 734.9+1.29°

D Macrophages were incubated with or without Zngiber officinale
Roscoe extracts for 48h,

2 The cytokine concentrations were determined by duplicate cul-
tured superatant cells and values are mean+S.D.,

» Mean with different letters are significantly different from each
other @=0.05 as determined by Duncan's multiple range test,
% ZOA. B. C. D: A, B, C, D fraction of Zingiber officinale Roscoe

extracts.

Table 9. TNF-a production by activated mice peritoneal macrophages cultured with different fractions of the

Zingiber officinale Roscoe extracts or mitogens

TNF- ¢ production(pg/mf)”

Fraction
10(ug/ml) 50(¢e/mb) 100(¢g/mk)
Control 272.20+0.467 272.20+0.467 2722 $0.46”
LPS 659.00+2.889 659.00+:2.88° 659.00+2.88”
Methanol 2108.30:+2.12° 283.10+0.23° 754.70+6.43°
Hexane 1108.9040.65° 799.90+5.347 288.50+0.45°
Chloroform 2158.90+1.79° 2039.68+0.98" 423.10£3.23°
Buthanol 1898.70+3.13° 209.00 £2.56" 868.60+1.55
Water 1641.10+0.68° 1805.87+4.77° 448.40+1.74°

" Macrophages were incubated with or without Zngiber officinale Roscoe extracts for 48h,
? The cytokine concentrations were determined by duplicate cultured supernatant cells and values are meanS.D.,
% Mean with different letters are significantly different from each other @=0.05 as determined by Duncan's multiple range test.
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A7ye) 222XE TSN Wy 248 YUY
ZOBE silica gel chromatography 2 2 A| gt A3} ZOB1(0.31 g),
ZOB2(0.8 g), ZOB3(0.33 g) +-E &S AUtk o|5 A £¥
A 71 e 248 JElY ZOB37L A7te] 22X E
A He 248 JEE 2EYE & & U o] 39
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Table 11. TNF- @ production by activated mice peritoneal
macrophages cultured on the third chloroform fractions
of the Zingiber officinale Roscoe extracts

TNF- ¢ production(pg/ mﬂ)l)

Fraction
10(pg/mb) 100(¢g/me)
Control 272.2£1.15° 272.241.159
LPS 659.0:2.127 659.0:2.129
ZOB1" 1674.6£0.04° 1741.440.96"
ZOB2 2594.4+1.19° 1717.0+0.34°
ZOB3 2936.9+3.37° 1529.120.55°

Y Macrophages were incubated with or without Zngiber officinale
Roscoe extracts for 48h,

? The cytokine concentrations were determined by duplicate cul-
tured supematant cells and values are meantS.D.,

» Mean with different letters are significantly different from each
other @=0.05 as determined by Duncan's multiple range test,
9 ZOA. B. C. D: AB,C,D fraction of Zingiber officinale Roscoe

extracts.

& 2] Eod oFete 7|

ol el ¥4 AxE B3 A7te] Wy g4 HE
Me o 9AY] 4 B8 & A sl 84S
A7re] 222X E BYBN 52 B A4S E
1, o|Ee T FRZEES o] 43t AT}

2952 Ba WY B4o] Be BIBS AL 5 Itk

2 AFelME A9 AFozNE WU F715L 2E 4]
F 27 Aol dBoA 47l WY 373 Ete} 47e]
W) 34 $8S gasaA Sk 479 We B4ol &
& B2 2ol Wel 34 2AL AAsIgon, Aol A
= qots

fo
o
[s]

1 e 2o,

o

o

& A% FE3l] HY 40| A vERE 8§01 28
E2YE AP oE ¥y 845 FHs &4 A8 73
g Ay AY7re] 22X F B ECA W 42 Ve
Al ZOBE silica gel chromatographyZ A3 A3} ZOB1
(0.31 g), ZOB2(0.8 g), ZOB3(0.33 g) £ ES At} o|&
A BN 7 ¥ 84S Jehdd ZOB37E A7) &
22X EA 1Y E4& Vehle £EUE ¢ T Ak
o] ¥3o] BAES EAE &1 silica gel TLCE AA| G
A7, 4] S22 T E2WFE=10:19A RfX] 03~045
Ellon, 10% FiPiale) ] 24, FeCly ‘T olA S42 vt
IStk Al 89] HEE 50 mgks BW3} 250 mgkg BW Alo]
9] FEoM ¥ A 4L o FUh E2FXRFE §F
9] AlolEFIQl Bu#ke IL-1, IL-6, TNF- 9] 7% 50 mgke
bwe] oA 7 B WY o] sle A= Yeyt
t} o)ite] £ ATl AET Win vitro) B 8 43S
B3 Ay7to] T8 WV He] 715E FHAAA, IF i
3t kS £ 8 AT 3, Pl did 3 s 5
AAReEN W 37 95 B 2102 Alsdr)h vt
A o]#d ATE vl 3l A& oR Wy &4 EF
o] &£ Bl B BF o] o] FofA HF &A dsled 7=
7t B FAo= gt

1]
L]

&

1. Pyo, MY and Hyun, SM. Effects of Phellinus linteus extracts
on the humoral immune response in normal and cyclo-
phosphamide-treated mice. The J. of Applied Phamcol. 9:
194-200. 2001

2. Park, JS and Chyun, JH. Effects of low fat diet and saturated
fat supplementation on the immune status of BALB/c Mouse.
Kor. J. Nutr. 26:578-585. 1993



Vol. 20, No. 2(2007)

3

10.

11.

12.

13.

14.

. Wagner, H. Search for plant derived natural products with
immunostimulatory activity. Pure & Appl. Chem. 66:1271-
1274. 1990

. Chung, YK. Components of essential oil and antimicrobial
of ginger. J. Kor. Soc. Appl. Biol. Chem. 40:524-518. 1997

. Surh, YJ. Molecular mechanisms of chemopreventive effects
of selected dietary and medicinal phenolic substances. Mutat.
Res. 428:305-327. 1999

. Azian, MN, Hasnah, MS, Sazalina, MS and Haira MR. Ginger
oleoresin from Zingiber officinale Roscoe effect of sample
preparation yilled and quality. Paper at the Congress of
Sci. and Technol. Assoc. of Malaysia. 7-11. 2001

. Lee, BS, Ko, MS, Kim, HJ and Kim, DH. Seperation of
6-gingerol from ginger and antioxidative activity. Kor. J.
Biotechnol. Bioeng. 21:484-488. 2006

. Sheo, HJ. The antibacterial action of galic, onion, ginger and
red pepper juice. J. Kor. Soc. Food Sci. Nutr. 18:94-99. 1999

. Thomson, M, Al-Qattan, K and Al-Sawan, M. The use of

ginger(Zingiber officinale Roscoe) as a potential anti-in-

flammatory and antithrombotic agent. Elsevier Science Ltd.

67:475-478. 2002

Balkwill, FR, Maylor, MS and Malik, S. Tumor necrosis fac-

tor as an anticancer agent. Eur. J. Cancer. 26:641-644. 1990.

Cooksley, VG. Aromatherapy, pp.349-350, Englewood Cliffs,

NI. UK. 1996

Chang, WS, Chang, YH, Lu, FJ and Chiang, HC. Inhibitory

effects of phenolics on xanthine. Anticancer Res. 14:501-

506. 1994

Park, KY, Lee, SJ, Lee, KI and Rhee, SH. The antitumor

effect in sarcoma-180 tumor cell of mice administered with

Japannes apricot, garlic or ginger Doenjang. Kor. J. Food

Cookery Sci. 21:599-606. 2005

Beak, SE. Antioxidant activity of crude gingerol. J. Kor. Soc.

Food Sci. Nutr. 9:1-10. 1993

. Zakaria-Runkat, Nurahman, E Prangdimurt and Tejasari.

16.

17.

19.

20.

21

22.

23.

24.

A7t EE g 1Y &4 133

Antioxidant and immunoenhancement activites of ginger
(Zingiber officinale Roscoe) extracts and compounds in in
vitro and in vivo mouse and human sytem. Nutraceuticals
& Food. 8:96-104. 2003

McCartney, FN, Allen, JB, Mizel, DE, Albina, JE, Xie, QW,
Nathan, CF and Wahl, SM. Suppression of arthritis by an
inhibitor of nitric oxide synthase. J. Exp. Med. 178:749-754.
1993

SAS Institute. SAS/STAM™ User's Release 6.03 Edition.
SAS Institute Inc, Cary. NC. 1988

. Ryu, HS, Kim HS. Effect of Zingiber officinale Roscoe ex-

tracts on mice immune cell activation. The Kor. J. of Nutr.
37: 23-30. 2004

Hirose, K, Claus, DCZ, Oppenheim, JJ and Matsushima, K.
Induction of gene expression and production of immuno-
modulating cytokines in human peripheral blood mono-
nuclear cells. Lymphokine Res. 4:475-480. 1990
Thomson, M, Al-Qattan, K and Al-Sawan, M. The use of
ginger(Zingiber officinale Roscoe) as a potential anti-in-
flammatory and antithrombotic agent. Elsevier Science Ltd.
67:475-478. 2002

Hibbs, JB, Tanitor, RR, Vavrin, I and Rachlin, EM. Nitric
oxide: A cytotoxic activated macrophage effector molecule.
Biochem. Biophys. Res. Commun. 157:87-92. 1998

Kim, J. Enhancing effect of Paeonia japonica, Houttuynia
cordata, and Aster scaber extracts on the immunoreactivity
in vivo in mice. Ph.D. Dissertation, Sookmyung Women's
University. 2003

Ji, HL. Effect of pine needle extracts and powder on modu-
lation of immunocompetence in mice and human subjects.
Ph.D. Dissertation, Sookmyung Women's University. 2001
Adachi, Y, Okazaki, M, Ohno, N and Yadomae, T. Biol.
Pharm. Bull. 17:1554-1560. 1994

007\ 49 2790 A4 2007 59 142 A=)



