J. Korean Soc. Appl. Biol. Chem. 48(4), 411-417 (2005)

23k (Agastache rugosa)yE ZTESE 2159 SHX|7L CHAIM =S
RAW 264.7 MIZ2| nitric oxide(NO) A4t =Xof O|X|= &2t

Asd - 20|y - LA
oVFtNEl A, AW 4EG P

Modulatory Effects of 21 kinds of Medicinal Herbs Including
Herba Pogostemi (Agastache rugosa) on Nitric Oxide
Production in Macrophage Cell line RAW 264.7 cells

Seung Hyun Kim, Mi Young Kang' and Seok Hyun Nam*

Department of Biological Science, Ajou University, Suwon 443-749, Korea
'Department of Food science and Nutrition, Kyungpook National University, Daegu 702-701, Korea

Received July 18, 2005; Accepted October 20, 2005

Aqueous extracts were prepared from 21 medicinal herbs including Herba Pogostemi (Agastache
rugosa) to examine their modulatory effects on NO production in mouse macrophage cell line
RAW264.7 cells. While almost all medicinal herb extracts failed to show marked scavenging activ-
ities to NO produced by LPS stimulation, only Herba Pogostemi showed a rather strong induction
of NO production in RAW264.7 cells without stimulation with LPS. When we treated the cell with
200 uM of N°-monomethyl-L-arginine (N*MMA), a NOS2 inhibitor, a significant reduction in NO
production could be observed. Moreover, a treatment of 100 uM pyrrolidine dithiocarbamate
(PDTC) led to about a 79% reduction of NO production. These results demonstrated that the
aqueous extract of Herba Pogostemi might provide a second signal for the expression of NOS2 in

RAW264.7 cells, and suggested that Herba Pogostemi induces NO production through L-arginine-
dependent pathway.
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(N“-monomethyl-1-arginine), sodium nitrite, PDTC(pyrrolidine
dithiocarbamate)®} 718} o)) A}g-3 s kEL wE
Sigma Chemicals(St. Louis, MO, USA)®| A|ES 7Y3dkd A}
£3%TE. PCRA AME-E primer= Bioneer(Chungwon, Korea)
of Alahe of=lsle] ARS-8IS™, AMV reverse transcriptase
9} Tag polymerases= E5F Takara Shuzo(Kyoto, Japan)el 7|
2 TYsted ARE-siTh

ME vieF o2 M) EF0) RAW264.7 AL+ American
Type Culture Collection(ATCC, Manassas, VA, USA)olA
Hdatgon, AE vl AHEE Hi RPMI 1640 medium
(Eagle’s MEM)3} fetal bovine serum(FBS), Hank’s balanced
salt solution(HBSS) &< X+ Hyclone(Logan, UT, USA)9]
AES T - ARSI RAW 264.7 Al X5 10% FBS9}
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MTT assaye]] &} A|X=A AA. Mitocondrial dehydrogenase
activity?] indexZ ERN= MTT colorimetric reduction assay
= sl FE2Eo] AX AEEY Xe IS S48
Th'9 RAW264 741 %S microplate®] NO =47 7+ z7loa
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MTTE-(Sigma ChemicalsyS 50 u/ F7Fstz, 37°ColA 3A1%F
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AA AEZ ol E0j7t MAE $H3] §EA17] microplate
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TOXATE kitZ AFAFe] Ad%do) oA, 4TS
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RT-PCR. 4. ruosa =% @ NMMA, PDTC #=3F 1X
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chloroform extraction HPRO = AEZ W & RNAS FE31H9
reverse transcription®ll €3+ ¢DNA 49 FHoZ AME3I
h'87 ] ne®] RNAS FHOE AMV reverse transcriptase)
oligo(dT) AF&3lo] cDNAE gl em, PCRO ARE-g
cytokine primer set: TR} ZT}; B-actin sense primer 5'-
GTGGGGCGCCCCAGGCACCA-3" PB-actin antisense primer
5-GTCCTTAATGTCACGCACGATTTC-3; NOS2 sense primer
5-ATGTCCGAAGCAAACATCAC-3" NOS2 antisense primer
5"TAATGTCCAGGAAGTAGGTG-3'. PCR ¥M&-2271-2 400 uM
dNTP mix®l 2.5 unit®] Tag DNA polymerases 23 94°Co
X 5870 vke3 e 94°Col|A] 30, 60°ColX 45z, 72°Ce
A 45%2] 4 thermocycler(PTC-200, MJ Research, Basel,
Switzerland)E ©)&-3le] 3t PCR & SZF DNAES
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Table 1. List of medicinal herbs tested

Table 2. Antixoidative activity of the medicinal herbs in vitro®

Electron donating ability

Medicinal Herbs OD at 517 nm (% Of
scavenging)
Control 0.71£0.01 (©)
Semen Gleditsiae 0.11£0.01 (86)
Radix Linderae 0.13£0.01 (83)
Semen Alpiniae Katsumadaii 0.12+0.02 (83)
Frutus Crataegi 0.14£0.01 (82)
Rhizoma Sparganii 0.13£0.01 (82)
Radix Adenophorae 0.1410.01 (81
Cortex Acanthopanacis 0.15+0.01 (80)
Pericarpium Arecae 0.14+0.02 (80)
Fructus Amomi Rotundi 0.15£0.04 (80)
Herba Pogostemi 0.181+0.02 (76)
Folium Eriobotryae 0.18+0.01 (76)
Flos Chrysanthermi 0.1840.03 (76)
Cortex Magnoliae 0.18£0.01 (76)
Cortex Eucommiae 0.2010.02 (75)
Exocarpium Citri Leiocarpae 0.19£0.03 (75)
Radix Dipsaci 0.20+0.02 (73)
Semen Amomi 0.200.01 (73)
Exocarpium Citri Leiocarpae unripe 0,14+ 0.01 (80)
Radix Angelicae 0.14+0.01 (80)
Rhizoma Atractylodis Lanceae 0.10£0.01 (86)
Radix Glycyrrhizae 0.2240.02 (70)

*Data summerized from the previous report.'”

2 Hol, AR 21F ekl NO &7 &3 4] &2 4
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Common name (Korean name)

Scientific name Family name

Semen Gleditsiae (Z2Z}A})

Radix Linderae (2 °F)

Semen Alpiniae Katsumadaii (Z57-)
Frutus Crataegi (2HAH)

Rhizoma Sparganii (35

Radix Adenophorae (A\F)

Cortex Acanthopanacis (2.7}15)
Pericarpium Arecae (%1%)

Fructus Amomi Rotundi (35-)
Herba Pogostemi (Z3F)

Folium Eriobotryae (213}%)

Flos Chrysanthemi (=)

Cortex Magnoliae (5-8})

Cortex Eucommiae (%)
Exocarpium Citri Leiocarpae (713])
Radix Dipsaci ()

Semen Amomi (*}Q))

Exocarpium Citri Leiocarpae unripe (% 3)
Radix Angelicae (3-7)

Rhizoma Atractylodis Lanceae (35)
Radix Glycyrrhizae (Z+3)

Areca catechu L.

Gleditsia japonica var. koraiensis Nakai
Lindera strychnifolia (Sieb et Zucc. Villar)
Amomum globosum Lour.

Amomum cardamomum L.

Agastache rugosa (Fisch. et Meyer) O. Kuntze
Eriobotrya japonica Lindl.

Chrysanthemum indicum L.

Magnolia officinalis Rehder et Wils.
Eucommia ulmoides Oliver

Citrus unshiu Marc.

Phlomis umbrosa Turcz.

Amomum villosum Lour.

Citrus unshiu Marc.

Ligusticum acutilobum (Sieb. et Zuce.) Kitagawa
Atractylodes japonica Koidz.

Glycyrrhiza uralensis Fisch.

Leguminosae
Lauraceae
Zingiberaceae

Crataegus oinnatifida Bunge Rosaceae
Sparganium erectum L. Cyperaceae
Adenophora divaricata Franch. et Savat. var. manshurica Kitagawa Campanulaceae
Acanthopanax sessiliforus Seem. Araliaceae

Zingiberaceae
Zingiberaceae
Labiatae
Rosaceae
Compositae
Magnoliaceae
Eucommiaceae
Oleaceae
Labiatae
Zingiberaceae
Rutaceae
Umbelliferae
Compositae
Leguminosae
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Table 3. Modulatory effects of the medicinal herb extracts on NO production in RAW264.7 cells5

uM of nitrite
Medicinal Herbs LPS (+)” LPS (-y?
10 pg/m/ 100 pg/m! 10 pg/m/ 100 pg/m/

Negative Control 1.533£0.975 1.533£0.975 1.533%£0.975 1.533+0.975

Positive Control 32,3484 1.587% 32.348+1.587% 32348+ 1.587° 32.348+1.587°
Semen Gleditsiac 21.2812.536(34.2)" 22.010%0.470(31.6)™ -0.057+0.2308 0.340%0.115"*
Radix Linderae 21.522:£1.081(33.5)" 22.672+0.416(29.9) 0.330%0.132% 0.43940.1500%
Semen Alpiniae Katsumadaii 24.031£.0.402(25.7)% 29.432+131509.1)* -0.356£0.057" 0.108+0.517"
Frutus Cratacg] 254234 1.152(21 4" 19.591+ 0.884(39.4)¢ 0.02410.207¢ 0.075+ 0.304"%
Rhizoma Sparganii 28.173£0.639(12.9)"® 24.330£0.547(24.8)*" 0.065+ 1.292¢" -0.124+0.152%
Radix Adenophorae 22.640:£2.009(30.0)" 22.010:£3.948(32.0)" -0.389+0.199" 0.00940.199%
Cortex Acanthopanacis 24.727£0.547(23.6)" 29.863£0.733(7.7)* 0.1080.358¢" 0.407£0.199"*
Pericarpium Arecae 25.920% 0.470(19.9)%" 27.577+0.470(14.7)F 0.340+0.230% 0.672:£0.2078"
Fructus Amomi Rotundi 27.146+1.093(16.1)°%" 31.553+1.495(2.5) 1.898+0.605% 3.057+1.035°
Herba Pogostemi 31,0564 0.705(4.0y% 34.9004 1.996(-7.9% 4.515%0.304° 29.49940.582°
Folium Eriobotryae 28.40540.719(12.2) 26.020+0.207(19.6)% 3.42240.565¢ 1.798+0.199%
Flos Chrysanthemi 27.279+2.009(15. 7% 26.914+0.746(16.8)® - 3.720%0.304% 1.500+0.199°%
Cortex Magnoliae 28.770:3.055(11.7)% 20.287+2.412(37.3) 1,136+ 0.304%F 2.593+0.199%
Cortex Eucommiae 33.375+2.909(-3.2)" 33.34240.500(-3.1)* 1,666+ 0.402% 1.9310.152%
Exocarpium Citri Leiocarpae 33.70741.642(-4.2) 32.34840.834(0.0) 2.030£0.230° 2.262+0.115%
Radix Dipsaci 30.42642.068(5.9)" 24.197+2.488(25.2)" 1.533£0.250% 2.229+0.207%*
Semen Amomi 13.727+0.433(57.6)" 24.297+1.455(25.2) -0.389+0.172" 0356+ 0.250¢
Exocarpium Citri Leiocarpae unripe 27.3124:0.376(15.6)" 26.68240.320(17.5)% -0.057:0.402" 0.970+0.376™
Radix Angelicae 217122 0.414(32.9) 21.878+0.456(32.4) 0.440+0.250%" 0.506+ 0,000P
Rhizoma Atractylodis Lanceae 21.281£0.696(34.2)" 21.21540.490(34.4)" 0.208+0.172% -0.057+0.057*
Radix Glycyrrhizae 20.718+ 1.350(36.0) 18.99540.994(41.3) 0.93740.414°% 0.904+ 0398

Values are expressed as mean=® SD.

PLPS(-) or LPS(+) represents treatment of the extracts in the absence or presence of LPS.

YValues in parentheses represent % of NO scavenging by the extracts.
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Table 4. Cytotoxicity of the aqueous extracts of medicinal plants on 40
RAW 264.7 cells 2
354
Cell survival (% N
Medicinal Herbs (%) 30 1 X
10 pg/m! 100 pg/m/ \\
Semen Gleditsiae 121365130 117.738.69 g ] NN
Radix Linderae 110.85+0.65  115.00£4.02 T 20- s\
Semen Alpiniae Katsumadaii 95.58+4.82 95894535 g %
Frutus Crataegi 92.07+3.99 96.82+11.13 z 57 \\
Rhizoma Sparganii 111.85+234  109.45%6.11 104 N
Radix Adenophorae 106.58+4.97  110.53+2.96 ¢ \\\
Cortex Acanthopanacis 95.36+1239 127.85x3.14 * “x\\
Pericarpium Arecae 105774341 104.53+3.09 (g8 SN I NN
Fructus Amomi Rotundi 98.96+4.76 70.35+1.74 1 2
Herba Pogostemi 98.69+628  110.01+3.99 Fig. 2. Effects of NMMA on Herba Pogostemi extract-induced
Folium Eriobotryae 99.3445.40 9123+7.94 nitrite accumulation in the cultured medium of RAW264.7 cells.
Flos Chrysanthemi 100345323 112.05+£8.92 Lane 1 and 2 ]re(pr?isnltogegzt/iv? ]i?)%tml (witho;xt LPS trheat]merﬁt) an;i
Cortex Maenoliae positive control {wit] ng/m P treatment), respectively. Lane
Cortex E ¢ @ 87.20£7.71 11207248 to 6 represents the treatment of N°MMA at concentrations of 1, 10,
ortex 'ucomfmlae . 98.69+6.28  105.77+£8.57 100 and 200 uM, respectively. NO production is presented as the mean
Exocarpium Citri Leiocarpae 96.94+183  10720%0.73 +SD of triplicate independent experiment. Significant difference
Radix Dipsaci 101.89+£322  105.19+123 between NO values were tested at p <0.05.
Semen Amomi 110.12£2.36  103.23x2.74
Exocarpium Citri Leiocarpae unripe  94.53+3.13 92.50+1.75 40 - 100
Radix Angelicae 88.54+17.99  94.66+ 11.03 351 - 90
Rhizoma Atractylodis Lanceae 93.07+6.68 104351 1.63 ] L 80
Radix Glycyrrhizae 96.06+3.75  102.74+13.91 304 o
Values are expressed as mean=+ SD. = 25.: =
e g
50 - 5 20 2
EZTI Control & s
45 I 100ug/m! Z 45 g's
3 10ugimi s
40- ] -
a 104
354
54
30 4
= g
?:, 254 ~
[
® 20+ 1
% 154 Fig. 3. Effects of PDTC on Herba Pogostemi extract-induced
nitrite accumulation in the cultured medium and cell viability of
104 RAW264.7 cells. Lane | and 2 represent negative control (without
LPS treatment) and positive control (with 100 ng/m/ LPS treatment),
respectively. Lane 3 represents NO production and cell survival values
at 200 uM PDTC treatment. Lane 4 to 8 represents the values obtained

LPS - + - - + 4+
sample - - + + + +

Fig. 1. Effects of Herba Pogostemi extract on the production of
nitrite accumulated in the cultured medium of RAW264.7 cells. NO
production is presented as the mean=SD of triplicate independent

experiment. Significant difference between NO values were tested at p
<0.05.
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by the extract in the presence of PDTC at the concentration of 1, 10,
50, 100 and 200 uM, respectively. NO production is presented as the
mean + SD of triplicate independent experiment. Significant difference
between NO values were tested at p < 0.05.

50 uM, 100 uM 2 200 uME Z7HAZel whel RAW264.7 Al
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Aaro] oF 89%Lt 7HAEE 200 pMollA M EZAIEEL °F 40%
Are] zhaeo] X3l it oleh 22 A=Al STt
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RAW264.7 A Eol| Halslg o) Ado) AR-d FsrolA
T AE=Eao] HATRA dti(Fig. 3, lane 3). Wl PDTC
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Fig. 4. Semi-quantitative reverse transcriptase-polymerase chain
reaction analysis of NOS2 gene expression. Lanes in ethidium
bromide-stained agarose gels represent as follows: lane 1, negative
control (without LPS treatment); lane 2, positive control (with 100 ng/
m/ LPS treatment), lane 3, LPS plus PDTC (100 uM) treatment; lane
4, Herba Pogostemi extract plus LPS (100 ng/m/) treatment; lane 3,
Herba Pogostemi extract treatment; lane 6, Herba Pogostemi extract
plus PDTC (100 pM) treatment; lane 7, Herba Pogostemi extract plus
LPS (100 ng/m/) plus PDTC (100 pM) treatment.
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