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Comparison of Immune Promotion Effects of Water-extracted
Angelicae gigantis, Rehmanniae Radix, Paeoniae japonica and
Polygoni multiflori Radix
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Angelica gigantis (AG), Rehamaninae Radix (RR), Paenia japonica (PJ), and Polygoni multiflori Radix (PM) have
been used as medicinal plants to tonify the blood. General fuction of the drugs have been known to nourish blood and
control the heart and liver meridians. Recently, several studies have proposed mechanisms by which some oriental
medicinal herbs work on the immune system. However, it is uncertain whether aqueous-extract of these drugs has
immunomodulatory effect yet. In this study, | investigated the immune promotive effects of the water-extracted AG, RR,
PJ and PM. The water-extracted AG, RR, PJ and PM inhibited NO production and iNOS expression in LPS stimulated
RAW 264.7 macrophage cell line. Among these extracts, AG and PM induced expression of IL-2 and IFNy in mouse
spleen cells. In the flow cytometry analysis, PM-stimulated mouse spleen cells showed an increase in B-cell phenotype
(CD45R/B220). The oral administration of Polygoni multiflori water-extracts to mice having S-180 abdominal dropsy
cancer prolonged life-span more than control mice. These data suggest that among these extracts, PM has cellular
and humoral immune-enhancement effect through IL-2 and IFNy cytokine production, the regulation of NO production
in macrophage cells and the B cell production in spleen cells.
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Table 1. Oriental Crude Drugs for tonifing the blood(# 1)

Oriental Crude Drug Scientific name
g8 Angelicae gigantis Radix
bk Rehmannize Radix
a5 Paeoniae japonica Radix
g5 Polygoni mutiiflori Radix
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EEoi0] A 700 S 27 REGKICE 253 HASS B
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3. WEARA £
Methotrexate (MTX: Co0H11N50s, Sigma, USA)% RPMI
1640 mediac] 20 mg/me BEE =] AT

4 1A E B

UIRAE AR ©EA)7 & RFF 0T pAE HEFl &
# ZAE AAsIETE. Slide glassi A ARkl HIAS

k]St & 4C Hanks Balanced Salt Solution (GibcoBRL, NY)&
HOF 28] MASIHCE Ficoll-pague (Amersham Biosciences,
Sweden)Z 0] &23l¢d 1,800 rpm oA 308 Y4 BElsld Qopt
E& 471%F &, RPMI 1640 (GibcoBRL) media® 13] 1 A& 5}
11 10% fetal bovine serum (FBS)0] M 712 RPMI 164001 HE} A]
7k HEE NEX= dFAS FF10] 04% tryphan blueo] =t
OF ZEgI8 & hemacytometerE 012510 M ELE AESIGC

5 MZEF i

oA oidJHZE MEZEZF RAW 2647 (America Type
Culture Collection, Rockville, MD, US.A)2 Dulbecco s
Modified Eagle s Medium (GibcoBRL)o| 10% heat-inactivated
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WL O &7, AF, WAy

fetal bovine serum (GibcoBRL)Z} 1 mM sodium pyruvate, 100
IU/mé penicillin, 50 yg/mé streptomycin (GibcoBRL)E & 7151
100 mm disholl 80% A2 W E FAGHIA 37C, 5% CO,
incubatoroll A Bl 5193

6. B A =
R4 HIZRA 22

45 24
Z 2x10° cells/100 pf MZ7} HA AES
£ ZF3GM 96 well culture plate®] 2} welld] 256 o4& 7}
wello]] AIEE =TEE 75K, DA 237} 100 w7} DA
ZABl 37C, 5% CO, incubatorol] Eol 484]7F vRQESIGATE &
I+ BXEE &85 Ydl CellTiter 9%6® AQueous one
solution cell proliferation assay kit (Promega, Madison, WI,
US.A) A AFESINICT. 484171 vR kst sl ko 100 pol] AJCk
£ 20 b AJVSF & 37T, 5% CO; incubatoro] 1A]7F 302 diQk
5]

S & 490 nmoflA] E2EE £F olirh

7. Nitrite assay

RAW 2647 M EFZEE] AHH nitric oxide (NO)Y &
M Z il Foll £X15H= NO; &) el EA] Griess (Sigma) Al
ke olgolel EFIATEH A Zuik 4S9 100 482} Griess Al
Eo(1%
a-naphthylamide in H;0) 100 E Z85H] 96 well platecilA]
1082 £ HR2A17] & 540 nmollX] SR L E SFsIcE NO2-

=
9] EL+= sodium nitriteE AFE3I] THE BEEZMA] 9] AF

1]

RS

sulfanilamide in 5% phosphoric acid + 1%

8. RT-PCRE ¢| &3} iNOS W AOIEFIQl SHR}F B4
RNAEZ]= RNA-Bee (TEL-TEST, INO)E o]&cld 2o
SIREE A BIEAEOA RNAE EElol7] fIskd 01%
diethyl pyrocarbonate’} 7} PBSE BIAAMEZE 33 A& &
RNA-Bee 900 4 E F7I5Hd FSIAIFCH oq7loﬂ EEREE
100 wE 2l 1587 ol FXIAIEECE I & 47T, 12,000 rpm

oflAl 15871 ¢l BEElohil 4ENE EUAEHA Fd 3
9] isopropanolE 715l -20Tol|lA] 4527 HXlo & A4 2
215k, 70% DEPC-ethanol 2 13} M| &&13
HAEAZ F DEPCHF Hrig &Fo] g8% S451d
spectrophotometer® HLE SE0IRC} 5x RT buffer 2 @ (10
mM dATP 025 4f, 10 mM dGTP 0.25 x4, 10 mM dTTP 025 4,
10 mM dCTP 0.25 i, MMLV reverse transcriptase (200 U/ uf)
0.25 pf, RNase inhibitor (28 U/pf) 025 w2, 50 uM oligo dT
primer 0.5 pf, DEPC-distilled water 4 )& PCR vtubeOﬂ =ol
427CollA 6027 EAeIsle] IR S E EBINT) PCRE
10x PCR buffer 3 uf (25 mM MgCl, 1.8 14, 10 mM dATP 0.3
0, 10 mM dGTP 0.3 1, 10 mM dTTP 0.3 pf, 10 mM dCTP 0.3
#2, 50 uM sense % antisense primer 025 u¢, Tag polymerase
(5 U/, Promega Co.) 0.25 p0)E EEI5HL, 7ol EH4E &
& 217l 20 i EA Gl PCR mixtureE 29T} PCR
mixtureE PCR tubedl] €1 o710 GHA} AI2E 5 b HUISH

15t ¥ PCR &AAlo] Yol ThE9 ZHUSE PCRE 4AAJSH

CR H}——% 94Tl 387F 1 cycle B3 & 94T 45%, 57T
45%, 72°C 45%3} 35 cycle HISA)Z1Qm, 72°TolA] 10827F
\ﬂ_}ﬂ— S2AZCE S AHE2 12%
agarose gelo] A7 Q&3 UV transilluminatorE o] &5H
DNA bandE EQ15}24T}. RT-PCRo] ARESH primers (F5)H10]
QUI0FA} (Bioneer Co, Choongbook)oll S1Z5le] §H45191om,
Z} primer®] @7]A1E & Table 282} ZTl i

A

extensions A|ES}

_,_,
OO -‘01'

Table 2. Primer sequence used for detection of Th1/Th2 type
cytokine and iINOS gene expression
Oligonucleotide sequence
5" -CCA CCC AGA AGA CTG TGG ATG GC-3~

G3POH 5’ -CAT GTA GGG CAT GAG GTC CAC CAC-3’
L0 5" -GTG CTC CTT GTC AAC AGC GC-3'
5" -GAG CCT TAT GTG TTG TAA GC-3'
Ny 57 -CAT GAA AAT CCT GCA GAG CC-37
5 -GGA CAA TCT CTT CCC CAC CC3’
INOS 5’ -GAC AAG CTG CAT GTG ACA TC-3'

5" -GCT GGT AGG TTC CTG TTG TT-3°

9. Western blottingS 023} iNOS Th Ak 24

MEE A7H2 PBSE 33] A8 T lysis buffer (10 mM
Tris-HCI, pH 7.4, 1% NP-40, 10 yg/mé leupeptin, 2 mM PMSF,
2 ug/mé aprotinin 10 ug/ml NasVOy, 10 pg/mé NasP.On)E 716}
& (100 4t/1x10° cells) FRBIFHT DU E XSS TS 4ol
Al 1587 44 Bl 48dE EJrh BCA protein assay
kit (Pierce, Rockford, IL, US.A)Z F&et & SUZY iz
(30 == 40 ug)E sodium dodecyl sulfate-polyacrlyamide gel
eletrophoresis  (SDS-PAGE)E  E2&Jgt %,
membrane (NC)ol| transferg}irt. o] NCE
milkE €73t Tris buffered saline-Tween (TBS-T; 10 mM
Tris-HCl pH 74, 0.1 M NaCl, 0.1% Tween 20022 1A]7} S¢t
2HE AlA H]EOW Hdo]l gt Thede Xigtell
anti-INOS 19} W&l & 23} €AQ] anti-mouse [gGE 1
AlZE 302 BHSA UAV/} 2} ghgAololl TBS-TE 1024 33] 308
S0b SABIEE ololAl B0l U the YUlE bands
enhanced chemiluminescence (ECL; Amersham/Pharmacia
Biotech, UK) detection B O = 2015194

nitrocellulose

3% non-fat dry
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10. Flow cytomerterE 026} vl BIZAM LI A =2
7—1‘ AET H]”‘ﬂ:t/l B AlZ E@% HIE RABPI 9]6}
E XTIkl 484)7F sieret
=z HH QR H]Q‘H]ig —|-7+c‘)]-04 7':}7}—; wash buffer (HBSS, 2%
FBS, 0.1% sodium azaid, 1% HEPES buffer)= M&ESE = 1 @
(1 ug/million cells)?] FITC-conjugated rat
CD45R/B220 monoclonal AbZ 23} & 4 coﬂ/ﬂ 3087} B3
Al & XP7h2 wash buffer2 23 AASH & flow cytometry
(Becton Dickison, FACSCalibur, France)& ¢©]&3}0d & 10,0007}
9l MZE 45l

anti-mouse
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Fig. 1. Effect of various herbal extracts on the cell proliferation in
mouse spleen cells. Mouse spleen cells (2x10° cells/ml) were cultured with 10
or 100 ug/ ml extract of Angelicae gigantis Radix (AG), Rehmanniae Radix (RR),
Paeoniae japonica Radix (PJ), Polygoni muitifiori Radix (PM) for 24 hr. Control
group was incubated with RPMI1640 medium only. Results are expressed as mean
+ SD in triplicate cultures. The statistics program used was Turky. * indicates
significant difference (p<0.05).
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Fig. 2. Effect of various herbal extracts on the cell proliferation in
MTX-treated mouse spleen cells. Mouse spleen cells (2x10° celis/ml) were
cultured with 10 or 100 we/ml extract of Angelicae gigantis Radix (AG),
Rehmanniae Radix (RR), Paeoniae japonica Radix (PJ), Polygoni multifiori Radix
(PM) for 24 hr. Control group was incubated with RPMI1640 medium only. Results
are expressed as mean + S0 in triplicate cultures, The statistics program used
was Turky. * indicates significant difference (p{0.05).
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Fig. 3. Effect of various herbal extracts on cytokine gene expression
in mouse spleen cells. Mouse spleen cells were incubated with various herbal
extract in mouse spieen cells for 24 hr. Total RNA was prepared, and expression
of IFNy and IL-2 cytokine gene were analyzed by RT-PCR. G3PDH was used as
control gene, C : control, conA : concanavalinA, Angelicae gigantis Radix (AG),
Rehmanniae Radix (RR), Paeoniae japonica Radix (PJ), Polygoni multiffori Radix
(PM).
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Fig. 4. Effect of various herbal extracts on NO production and iNOS
mRNA expression in RAW 264.7 cells. RAW 2647 cells were incubated
with various herbal extracts for 24 hr. (A) The amount of NO released by cells was
measured by the method of Griess. Data are mean = S.D. of three independent
experiments. (B) Total RNA was prepared, and iNOS was analyzed by RT-PCR.

PM

G3PDH was used as control gene. C : control, Angelicae gigantis Radix (AG),
Rehmanniae Radix (RR), Paeoniae japonica Radix (PJ), Polygoni multifiori Radix
(PM). The statistics program used was Turky. * indicates significant difference
(p€0.05).
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Fig. 5. Effect of various herbal extracts on the NO production and
INOS expression in LPS-stimulated RAW 264.7 cells. RAW 264.7 cells
were stimulated with 1 we/ml LPS in the presence of various herbal extracts for
24 hr. (A) The amount of NO released by cells was measured by the method of
Griess. Data are mean + SD. of three independent experiments. (B) The protein
extracts were prepared, and then analyzed for INOS expression by Western
blotting. HSP70 was used as control protein, G : control, LPS : lipopolysaccaride,
Angelicae gigantis Radix (AQ), Rehmanniae Radix (RR), Paconiae japonica Radix
(PJ), Polvgoni muftiflori Radix (PM). The statistics program used was Turky. *
indicates significant difference (p<0.05).
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Fig. 6. Flow cytometry analysis of various herbal extracts-treated

mouse spleen cells. Mouse spleen cells (4x10° cell/ml) were incubated with
various herbal extracts or LPS for 48 hr. The cultured spleen cells were stained
with FITC-conjugated rat anti-mouse CD45R/B220 and analyzed by flow cytometry.
G+ control, LPS : lipopolysaccaride, 1 : Angelicae gigantis Radix (AG), 2 :
Rehmanniae Radix (RR), 3 : Paeoniae japonica Radix (PJ), 4 = Polygoni multifiori
Radix (PM).
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Table 3. Survival rate S-180 bearing mice treated with Polygoni
multiflori Radix (PM) extract.

NO. of surviving mice/ group
Day 0 o1 12 13 14 15 18 17 18
Control 8/8 8/8 8/8 6/8 1/8 (/8 0/8 0/8 0/8 0/8

PM
(Ong/ kg) 8/8 8/8 B8/8 6/8 28 2/8 2/8 2/8 2/8 0/8
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