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Effects of Plant Water Extract Codonopsis Lanceolatae
on Mouse Immune Cell Activation Ex Vivo
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Major in Food & Nutrition,™ Sookmyung Women’s University, Seoul 140-742, Korea

ABSTRACT

Codonopsis lanceolatae has been used as one of the traditional remedies as well as food source. However, few
studies on their immunomodulating effects have been reported. We previously reported that ex vivo supplementation of
Codonopsis lanceolatae water extracts enhanced splenocyte proliferation compared to the control group. In order to
elucidate its ex vivo effect, six to seven week old balb/c mice were fed ad libitum on a chow diet and water extracts of
Codonopsis lanceolatae were orally administrated every other day for four 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 (3-[4,5-dimethylthiazol-2-y] -2,5-diphenyl terazolium bromide) assay. The production of cytokine (IL-1 3, 1L-6,
TNF-«a ), secreted by macrophages stimulated with LPS or not, was detected by ELISA assay using a cytokine Kit.
After 48 hrs of incubation with the mitogen (ConA or LPS) stimulation, the mice splenocyte proliferation in experi-
mental group was statistically increased at two different concentrations than that in control group. The cytokines pro-
duction was more significantly enhanced at the lower supplementation (500 mg/kg B.W.) group rather than higher con-
centration (500 mg/kg B.W.) compared to the control group. The results of this study may suggest that the supplemen-
tation of water extract of plant mixture could regulate the immune function by increasing the splenocyte proliferation
and enhance the immune function through regulating cytokine production capacity by activated macrophages in mice.

(Korean J Nutr 2009; 42(3): 207~212)
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7kl (IL-1 8, IL-6, TNF-@) #H|E FZIAIZ] a3fe] o
3 Bagnl Qlom Y By} pp FEE] nheA ATE
o7} FARY S FAA Haek NO Sdars veh
of AN T3 gyt Q& AoR Hust AFANTt
QL o]gfst AFAIE nfg o B AFoA = ex
vivo A3& 3l dYFE=2 W &4 ane s
A AF AT FAgoRAM HY FEEC| veA A
A dellA dolel vAE ks HEEelch 1 A%

w20 AL T2, EA A AR A 2]

ot Y & FEE0] v "ol vA

Qs shsink

= AlolEFR (IL-1 8, IL-6, TNF- ) A 22

ME 2
NEFE 2 NEEE
4 Axd Y AEE ST B oREE S5 9
ZIAZIAA 80C 824 ellA] 3AIRHY 33] RHE &3¢ &
A FF5ct gy & FE= 2ol AT 7o AEE
STE (Fig. 1). & A7l AHE &2 7~857349
7 Balb/c mouse®E (P UL TsE

[e}
1F AES} ES AHrEo] FHetEA] 7~8Y A
SEAAN ASAZ F ATl 15 g gl vhe
o ARSIt A3 TEA 2EE 22 £ 2C, &
0~60%% T4k, W9T7] (Light and dark
cycle) = 12A17F @92 243 ex vivo A8 A ¢
g E FEE Fos FEES U7 THTE A F

A4 EER FAsto] AMESIITE vReAS 9l wiAY

y, o

bt > A= oS oo d
> 2

r1rm
—

off oJaf iy FTO R Eglon, AgTuit) 4u)
A ARSIGITE tixroll= e AETE, Foldele A
AATE nlgro g Zk7t 50 mg/kg B.W./day ¥ 500 mg/
kg B.W./day® 453 A= AT Fofsiqltt (Fig. 2).
A|gf ]} H"Kl

£ o1to]] ARg-El ijz)= RPMI medium 16402 GIBCO
BRL (Grand Island, NY, USA) A|#2 AM-sFS L, fetal
bovine serum (FBS), lipopolysaccharide (LPS), con-
canavalin A (ConA), thioglycollate, sodium bicarbonate,
ammonium chloride, TRIZMA®base, TRIZMA®hydro-
chloride, trypan blue solution (0.4%), DMSO (dimethyl
sulfide), 3- (4,5-dimethylthiazol-2-y1)-2,5-diphenyl te-
trazolium bromide MTT) 52 A2k Sigma Chemical
Co. (St. Louis, MO, USA) AES AME3F3ATE

OpQA HIZMES 22 3 HEQY

vk HAAE] 2l Mishell 5779 Wel 2]
Aot AF g3 oR AR vl nES
FHA o7 A&l RPMI 1640 402 AL v &
o fFEEoE TPEA st AEE FEAET e
¥ A NS 200 mesh stainless steel sieve (Sigma
Chemical Co., St. Louis, MO, USA) el 34A1Z1 ¥ 50
mL2] YA ¥l 47T, 3,000 rpmolA 1087 L34
71 & cell pellet2 lysing buffer (Tris-buffered ammo-
nium chloride; 0.87% NH4CL, pH 7.2)°l 53 #EA]
A A2 A f19 Axe oA RPMIZ 23]
DA AAE T, 10%-FBS RPMI 1640 2% 5.0 X 10°
cel/mLe TEZ 34319 96-well plateol] 90 pL¥ &

‘ Dried and powdered Codonopsis lanceolatae (100 g) ‘

‘ 7—8 weeks old Balb/c mouse ()

v

‘ Take into Elenmeyer flask with water (2,000 mL) ‘

Oral administration
of Codonopsis lanceolatae
water extract every other day

L for 4 weeks
‘ Extract on the waterbath (80C) for 3 hrs ‘ ‘ ‘
L 0 (control) mg/kg b.w. 50 mg/kg b.w. 500 mg/kg b.w.
‘ Filter through cheese cloth ‘ n=4 n=4 n=4

v

‘ Repeat the above procedure 3 times and combine filtration ‘

v

‘ Concentrate under the vacuum rotary evaporator (60C) ‘

v

‘ Water Extract (3.52 @) ‘

| | |
v v

Splenocytes Macrophage

Proliferation Cytokine production
(IL-1 3, IL-6, TNF- @) by ELISA kit

by MTT assay

Fig. 1. Flow diagram for water extraction procedure.

Fig. 2. Study design of ex vivo experiment.
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A
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Table 1. Proliferation index of splenocytes of mice orally adminis-
ered with water extracts of Codonopsis lanceolatae for 4 weeks

Proliferation index

Conc. .
(mg/kg bw,)  Without Con A LPS
itogen
0 1.00 £0.19 223 +0.06° 1.21 +0.15°
50 1.49 £ 0.18 270 + 0.25%° 3.44 + 0.34°
500 1.67 +0.55 3.63 +094° 3.19 + 0.37°

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

2) Means with different letters (a, b) are significantly different
from each other at @ = 0.05 as determined by Duncan’s
multiple range test (a> b)

2 MTT assays ol&at] HIAE 452 S5
th oY FEEel g ngAE F45< AR Table

Lo derdidlet Y& 258 47 FoI8 ex vivo A
oA mhe-2A A= kg @ 50 mg/kg B.W.Z 500 mg/kg
B.W.9] F% FolitolA 149 + 0.18, 1.67 + 0.55 pg/
mLE tjZ=7 (1.00 = 0.19) o vls| S7He YeRich Al
FA Wy Ao THAZEE Az oz SaA]7]: v
EAI9l ConA 7] 50 mg/kg B.W.3} 500 mg/kg BW.
FoliollA 2.70 £ 0.25, 3.63 £ 0.94 pg/mLZ tZ+
(2.23 £ 0.06) ¢l H&l] FHoz =2 T4 BT
(p <0.05). ANg Wz} Aol Q= B AEE A94]
o7 FAA7)E= vEA LPS H7E 50 mg/kg
B.W.3} 500 mg/kg B.W. FolitollA 3.44 £ 0.34, 3.19
+ 0.37 pg/mLE thzol vlg] Fodo= wo T4
< 29 (p<0.05).

HE 2 F52 875 MCIEARA 28191 OAlE B8

HY = F&2& AT kg 9 50 mg/kg BW.3 500
mg/kg BW.9] &R B Foldt Ry ARNEH 57 o
AAES welel W v Bk didAlEst s
IL-18, IL-6, TNF-e o] #w]@<= S463la, 7 i o
9 WETZORE LPS (15 pg/ml) = A= thaAl 2]
g gl S48 ke o8kt

IL-15 #v]=

IL-1 9] #Hlsol thdt A¥i= Table 20 eI
LPSZ A8k o2 7% 500 mg/kg B.W. (311.32 =
5.13 pg/mL) FEA fFoldo® =& IL-14 wHHs
83, 50 mg/kg BW. FXolA+= 218.21 = 67.62 pg/
mLE F3ou 12291 atol= HolA] gttt LPS A
g8t A% 50 mg/kg B.W. L4+ 517.09 +
13.07 pg/mLZ =4 YeRtou 5942 q1%lem, 500
mg/kg B.W.Q] 55Eo|A 595.72 £ 48.65 pg/mLE thx

o

=
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Table 2. IL-1 8 production by activated peritoneal macrophages
of mice orally administered with water exiracts of Codonopsis
lanceolatae for 4 weeks

Table 4. TNF- ¢ production by activated peritoneal macrophages
of mice orally administered with water exiracts of Codonopsis
lanceolatae for 4 weeks

Conc. IL-1p production (pg/mL)"” Conc. TNF-a production (pg/mL)"”
(mg/kg b.w.) Without mitogen LPS freated (mg/kg b.w.) Without mitogen LPS freated
0 107.88 + 0.77°% 342.67 + 4.41° 0 70.00 + 11.56%% 1607.76 + 20.57°
50 218.21 + 67.62° 517.09 + 13.07° 50 89.70 + 2.38° 1766.01 + 20.57°
500 311.32 + 5.13° 595.72 + 48.65° 500 90.32 + 5.48° 1910.20 + 35.44°

1) Macrophages were incubated with or without (control) mix-
ture water extracts for 48 h

2) The data present the mean values = S.D. n = 4 The different
letters (a, b, ©) within every mitogen groups are significantly
different from each other at ¢ = 0.05 as determined by
Duncan's multiple range test (a>b>c)

3) The cytokine concentrations were determined by triplicates
cultured supernatant cells and values are mean =+ S.D.

Table 3. IL-6 production by activated peritoneal macrophages
of mice orally administered with water exiracts of Codonopsis
lanceolatae for 4 weeks

Conc. IL-6 production (pg/mL)"”
(mg/kg b.w.) Without mitogen LPS treated
0 208.34 + 7.61°%Y 671.07 £ 12.52°
50 271.49 + 109.96° 924.53 + 44.37°
500 408.02 + 74.91° 1095.48 + 144.83°

1) Macrophages were incubated with or without (control) mix-
ture water extracts for 48 h

2) The data present the mean values = S.D. n = 4 The different
letters (a, b, ©) within every mitogen groups are significantly
different from each other at ¢ = 0.05 as determined by
Duncan's multiple range test (a>b>c)

3) The cytokine concentrations were determined by triplicates
cultured supernatant cells and values are mean =+ S.D.

T 34267 = 4.41 pg/mLel Bla} FoACR =& Hi
ZFE BT (p<0.05).

IL-6 ¥n]=k

IL-6 | A3}+= Table 3o Jehigich LPSE A
a4 9k 79 50 mg/kg BW.9 FEoA 27149 +
109.96 pg/mLoZ thZF 208.34 + 7.61 pg/mL B}

=2 BHRE HoiEqly, 500 mg/kg B.W. ]/\1&
408.02 £ 74.92 pg/mLi Tl‘-qu og lj—,% E—H] E

ek (p <0.05). LPS A7FA ¢l 50 mg/kg B.W.TJr 500
mg/kg BW. 7 5% EFolA 2+ 924.53 + 44.37 pg/
mL, 1095.48 *+ 144.83 pg/mLOZ thE 671.07 £
12.52 pg/mLe] ¥l3] Foldos =& IL-6 wHlsS
Aok (p<0.05).

TNF-q¢ 4=
U ¥ 328 AT ol A0S 0 B A v

Table 4°] Yeh3ith. LPS®

okl o] TNF-q HH|ZS
50 mg/kg B.W. (89.70 £ 2.38 pg/

Al ke A5

1) Macrophages were incubated with or without (control) mix-
ture water extracts for 48 h

2) The data present the mean values = S.D. n = 4 The different
letters (a, b, ¢) within every mitogen groups are significantly
different from each other at ¢ = 0.05 as determined by
Duncan's multiple range test (a>b>c)

3) The cytokine concentrations were determined by triplicates
cultured supernatant cells and values are mean =+ S.D.

mL)PJ EEoAE tjx2T (70.00 + 11.56 pg/mL)®Th
o EH]E ®3 1, 500 me/kg BW. XA 90.32
A48 pg/mLE fF]4Q1 Afo]E HSIth LPS A7l
0 mg/kg BW. 5714 1,766.01 + 20.57 pg/mL
Z+ (1,607.76£20.57 pg/mL) el Hl&l 524 o
H2S UEbd or, 500 me/kg BW.9] FEoA
,910.20 + 35.44 pg/mLE 52421 zol= gl

+ Hf
o-lcmrl

T

fr P H b
= fo &
r_{

i

TR oh AL S
* Aot e 4Rl A
°ﬂ e A% = #2949 500 mg/kg BW. ¥
SE S R
—roﬂt 50 mg/kg B.W L:_ 7;‘3 }:rLoﬂ}‘i Tl’-quol
wol Ak 23 ek olgh el ol
Foi7h vheos MIPAE Sl vXE
g AT A3 "y FEes Folsh &2 tixgel v
3 AR S0 SR eH, 50 mg/kg B.W-J 5
EE} 500 mg/kg FLolA TAES BAXE A5
e FAAIE 2o e ol
= 7]

-lN' om
e N,
Hm_&m{nmlmd

& % ol P e A
o vele 2 % AFFO Aol Bl o

TollA IL-1 8 &%kl st A= 500 mg/kg BW. &
EolM w2 SHEAE HAFslen, ol vy & F=
== 1007 1,000 pg/mLollA 2+t 32.49 pg/mL 7} 39.69
pg/mLE FoHoR F7ke A Al AR A
E?\iu}’.24)
2~ 2=25)

FTE FE2E 45 FolTo] 50 mg/kg BW. %
oAl =3k AaATF Al vhh vhE AEES Belth



IL-12 Th ce11°ﬂ o8t [L-2, IL-4, IFN-7 59| 2H]Z &

A2 I3} pre B X EREE A5 W
s} ”lEXi of 4 3 SAsh= Dhﬂ o] A4 &= Th cell 73
frato] Agstowgy oz #3F % FAs A

= 1=
A qYFEEs vhes 54 dAAEE 243)ksko
[e]

=
5 2F A7 5o 439 50, 500 mg/kg BW. 57
oA Ao w2 HHFS Hel Ao} TrAPoPEP
At Aol st vt opd A QAN & 04?54
FARE A3t2 500 mg/kg BW. FETOA fogow
= BuES Wl A 2% Fotol ok AT Art
2om, 50 mg/kg B.W. oA EE AYE HAF
AREE ¥ B FEES AT T n5wp)” B F
ZE9] A7) ek wE o] Ao e
ol 1,301.15 £ 6.83 pg/mL=E thztol Hls] &<
Ao 7 A=A TH= AsAFrE 9ot B A3 LPS

A oY = FE= "F2 50, 500 mg/kg BW. F
F A =2 166 BHIF SV UERTE webA
vy & F5w°] A 5 AES GAA IL-

S aHow

6] EHE FAAFIOZA WA |E

od0] 9l& Ao 7 AlgHt. TNF-o FH]3ko]
et A= 55 Fo9A] 500 mg/kg BW. &4
tjzrtel HE] FoH o R =2 7 TNF-a 7} AAE
QoH, ol Y & F&& H7MA] 1~100 pg/mLe A
oAM= HEE HolA] ¢htirl 1,000 pg/mLe] s %
oA el S5 Bl OE A9 fARE A

Bk wR A FEE 9 £ES Aol

E”H E_ZI_EEE =1

2 47K AT 9] LPSE A= wf o8 o
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50 mg/kg B.W.

3+ ¢ oF 3} 3] %] (Korean J Nutr) 2009; 42 (3): 207~212 /211

o o]
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A U] (ex vivo) AEelM HY9 & FEas 47 4
4= v~ AS kg F 0, 50, 500 mg/kg BW.9 &
F oukese) A Foldt & uAE T4, LPSel 9
3 st 54 i ATt Brleke A ARIERI
(IL 18, IL-6, TNF-¢)2 S =439y 1 Ay

Y & FE5-S ConAtt LPSE A=HHA] 92 79 500
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9] Alo|EFIRl BujERs 24 A% IL-1 8, TNF-
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50 mg/kg B.W.2] % FolroAs Tﬂz‘—r%ﬂ )3l 2]
Zel zpo]= wolx| okght} 1L-69) 7% 50 mg/kg B.W.
3} 500 mg/kg BW. F FE EFoA Fo8oz £

Tulsg Rk o]yl Aule] W2w o FEE9 v
FAIE ST ARIEZIRD £ &¥ks 500 mg/kg
BW. 5% EojA 718 ayd o=z W Axe Wy )
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