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Anti-inflammatory Effects of Carex kobomugi in RAW 264.7 Cells
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Abstract — This study aimed to evaluate the anti-inflammatory effects of Carex kobomugi extract on skin, using the RAW
264.7 macrophage cell line. The anti-inflammatory effects of C. kobomugi extract were evaluated by examining cell via-
bility, gene expressions, and the levels of nitric oxide (NO)/prostaglandin E, (PGE,) in RAW 264.7 cells. Pro-inflammatory
gene expression (IL-1a, IL-1p, IL-6, TNF-a) and the levels of NO/PGE, were analyzed to elucidate the anti-inflammatory
effects of C. kobomugi extract. Quantitative real-time polymerase chain reaction (Real-time RT-qPCR) analysis revealed a
significant decrease in the mRNA levels of IL-10/B, IL-6 and TNF-a following treatment with C. kobomugi extract. Fur-
thermore, reduced levels of PGE, and NO confirmed that C. kobomugi extract possesses anti-inflammatory properties. These
results suggest that C. kobomugi extract contains bioactive compounds capable of modulating inflammatory responses. Fur-
ther studies on the mechanisms underlying its anti-inflammatory effects could contribute to the development of cosme-

ceutical products as well as pharmacological therapies.
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Table 1. Gene symbol, name and assay ID in real-time RT-qPCR analysis

Symbol Gene full name Assay ID
NOS2 Nitric oxide synthase 2, inducible Mm00440502_m1
COX-2 Cyclooxygenase 2 Mm03294838 g1
IL-1a Interleukin 1 alpha MmO00439620 ml
IL-1B Interleukin 1 beta Mm00434228 ml
IL-6 Interleukin 6 MmO00446190 ml
TNF-a Tumor necrosis factor alpha Mm00443258 m1
GAPDH Glyceraldehyde-3-phosphate dehydrogenase Mm99999915 gl
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Fig. 1. Cytotoxicity of C. kobomugi extract on RAW 264.7
cells. Cells (2x10* cells/well) were cultured in 24-well plate
and treated with C. kobomugi extract for 24 h. Cell viability was
examined using the CCK-8 assay. These data are presented as
mean + standard deviation (S.D.) of the percentage of control
optical density, with triplicate measurements. Statistical signif-
icance is indicated as * relative to the control (*p <0.01).
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Fig. 2. Effects of C. kobomugi extract on NO production on RAW 264.7 cells. Cells were plated in 6-well culture plates and treated
with C. kobomugi extract for 72 h. The culture media were then collected and analyzed for nitric oxide (NO) production using a
NO detection kit (A). Cells were treated with C. kobomugi extract for 24 h. Real-time RT-qPCR was performed to assess the
expression of the NOS2 mRNA (B). The data are shown as the mean + S.D. from three independent experiments. Statistical sig-
nificance is indicated as * compared to the control and # compared to the LPS-treated group; *, *p <0.01, #p < 0.05.
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Fig. 3. Effects of C. kobomugi extract on PGE, synthesis in
RAW 264.7 cells. Cells were cultured in 6-well plates and treated
with C. kobomugi extract for 6 h. The supernatants were ana-
lyzed for PGE, using a PGE,-ELISA (A). Cells were treated
with C. kobomugi extract for 24 h. Real-time RT-qPCR was
performed to analyze the expression of the COX-2 mRNA
(B). The data are expressed as the mean + S.D. from three
independent experiments. Statistical significance is denoted as
* for comparison with the control and # for comparison with
the LPS-treated group; *p <0.01, "p <0.05.
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Fig. 4. Effects of C. kobomugi extract on the expression of inflammatory cytokines. Real-time RT-qPCR was performed to analyze
the expression of inflammatory cytokines, including IL-1a (A), IL-1B (B), IL-6 (C), and TNF-a (D). These results are presented as
the mean + S.D. from three independent experiments. Statistical significance is indicated by * for comparison with the control and
# for comparison with the LPS-treated condition; *#p < 0.01, ##p <0.05.

& o] 7HA43I THFig. 4A). IL-1p2] 28 A=+ LPSe ¢
3 51.48) S7Fstdo, 100 pg/mLs%=2] C. kobomugi 5
=52 A3 A3}, 97% A4S THFig. 4B). IL-65 LPSY|
ol& 106.58) S71sId=dl, 100 uygmLe] C. kobomugi 5
ZE5 AEEiS wll 95% 71 wrlo] 7HAsisithFig. 4C).
TNF-02] W32 LPS xj2]ol <) 4368 7kl ou
C. kobomugi 325 °|3t 3= Ho|A] &UTH(Fig. 4D).
2 ATl C kobomugi FEE°] A5l sk 2t
¢l QIEFXIS] HAS TAAAZAL, NO B PGE,] A4S
NS T8 Y a3t S-S RIEIL ol C

= }ﬂ—o o 71-/\}\]7 2= 0] 7]‘_3_/\6]

kobomugi FZE5°] 9% 4 T Us
2AEA E8E F U2 HoFET 53] Fig 4014 B

FTER Holn, dF XEA o Al AdsA AR
T S Aot} C kobomugi FE=E2] AXEZHE ZT|9
&9 U921 kobochromone A (KC-AY} ATH B 7= AT}
KC-A & t=271 39491 DHRS119] SAIA=A 29
Agke] o 259 7FsAEE Ad HAAs=E=R, C
kobomugi®] #7910l -FE YEZE UHA Utk 7] B
H At = C kobomugi FE=2] AEoMAH 0| E 23}
n-FERE 18 B Y F odoME|o|E o2 HE A

A AL, Ao AH O] EL] 107]2] Al H-3] FollA] S
95 At KC-AE F=3130th KC-A7} C. kobomugi
ZEXH AW} A=A, Z2 tE BN d=E

AE T TF AREZ] FHaHE HoleAof v
Pk Ee g Ao Belrk

A

% Ay

2 B

= sl ofaf] ©heS 5 FEo] AL HSHhE

ol A vERAl Ent. o5 A=1Ak1 Ape) A 2 el

7], BAIRA], Al Sl el 37 ZejgeE ¥ NO 7}

2 59 A= AAH 1 59 A RS Fal =3k o

S AISFETE?R0 B sl Q1 Al aEe] T, A
7153t o] st A dzA o= o] AjAYo] ofslE L)

2 AFNX = C kobomugi F=5=°] G52 AL &
A= AR 7FeAdS ERIE) B ST C. kobomugi
FE=Eo] A2 AEE S HIRAA] BoH, RAW
264.7 A X H2g F e AA sEE Il AThFig. 1).
100 pg/mL ©13+e] C. kobomugi F25°) RAW 264.7 A £2]
AEE G 71X]A] AT}, Real-time RT-qPCRES 55
iNOS, COX-2, IL-10/B, IL-6°] 3th#] &d, PGE, T2+
A, NO A= =4 olA C kobomugi F&E°] LPSO 2]




36

'3H S7FE A5k el 1 S «] 6] l ] EARE
2151t} (Fig. 2-4). ©|= C. kobomugi
AN = de 7]‘—/‘4 = ArE

EO] [o= P=Ne Q]—Q_fﬂ—

J&%
;5”.

C. ko bomugz

HE ﬂﬁi‘ ")F?lli 7}’0“ 3S SIE = St B
‘—56—?— C. kobomugi FZ=°] M2 U AsHdg7]5d| 9
05%0 WA 0]’*1101] EH°H F7HL Ml

AL AL
o] = Aol ea S Tr| o] 4 ol 1% A
(2026-0002).
L

1. Ferrero-Miliani, L., Nielsen, O. H., Andersen, P. S. and Girar-
din, S. E. (2007) Chronic inflammation: importance of NOD2
and NALP3 in interleukin-1f generation. Clin. Exp. Immu-
nol. 147: 227-235.

2. Akira, S. and Takeda, K. (2004) Toll-like receptor signaling.
Nat. Rev. Immunol. 4. 499-511.

3. Gomez, P. F,, Pilllinger, M. H., Attur, M., Marjanovic, N., Dave,
M., Park, J., Binagham, C., Al Mussawi, H. and Abramson,
S. B. (2005) Resolution of inflammation:prostaglandin E,
dissociates nuclear trafficking of individual NF-kappa B sub-
units (p65, p50) in stimulated rheumatoid synovial fibroblasts.
J. Immunol. 175: 6924-6930.

4. Horwood, N. J., Page, T. H., McDaid, J. P,, Palmer, C. D.,
Campbell, J., Mahon, T., Brennan, F. N., Webster, D. and
Foxwell, B. M. (2006) Bruton's tyrosine kinase is required for
TLR2 and TLR4-induced TNF, but not IL-6, production. J.
Immunol. 176: 3635-3641.

5. Hirohashi, N. and Morrison, D. C. (1996) Low-dose lipo-
polysaccharide (LPS) pretreatment of mouse macrophages
modulates LPS-dependent interleukin-6 production in vitro.
Infect. Immun. 64: 1011-1015.

6. Kim, S., Kang, B. Y., Cho, S. Y., Sung, D. S., Chang, H. K.,
Yeom, M. H., Kim, D. H., Sim, Y. C. and Lee, Y. S. (2004)
Compound K induces expression of hyaluronan synthase 2
gene in transformed human keratinocytes and increases hyal-
uronan in hairless mouse skin. Biochem. Biophys. Res. Com-
mun. 316: 348-355.

7. Gabay, C. (2006) Interleukin-6 and chronic inflammation.
Arthritis Res. Ther. 8: S3.

8. van Triel, J. J., Arts, J. H. E., Hans, M. and Kuper, C. F. (2010)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kor. J. Pharmacogn.

Allergic inflammation in the upper respiratory tract of the rat
upon repeated inhalation exposure to the contact allergen
dinitrochlorobenzene (DNCB). Toxicology 269: 73-80.

. Im, D. Y. (2014) Volatile compounds analysis of the extract

from dried bark of Prunus sargentii and physiological activ-
ity of the main compound, benzaldehyde. Kor: J. Aesthetics
Cosmetol. 12: 155-162.

Min, B. M. (2004) Growth Properties of Carex kobomugi
Ohwi. J. Ecol. Environ. 27: 49-55.

Cho, W., Song, H. S., Hong, S. C. and Choi, D. C. (2009)
Characteristics of the vegetation in the coastal dunes near the
swimming beaches on the east sea coast, South Korea. Kor:
J. Env. Eco. 23: 299-505.

Lee, E. S., Park, J. W., Moon, K. H. and Seo, Y. W. (2023)
Antioxidant activity of native Korean halophyte extracts and
their anti-biofilm activity against Acinetobacter baumannii. J.
Life Sci. 33: 1015-1024.

Kudo, Y., Endo S., Tanio, M., Saka, T., Himura, R., Abe, N.,
Takeda, M., Yamaguchi, E., Yoshino, Y., Arai, Y., Kashiwagi,
H., Oyama, M., Itoh, A., Shiota, M., Fujimoto, N. and Iraki,
A. (2022) Antiandrogenic Effects of a Polyphenol in Carex
kobomugi through inhibition of androgen synthetic pathway
and downregulation of androgen receptor in prostate cancer
cell lines. Int. J. Mol. Sci. 23: 14356.

Valco, M., Rodes, C. J., Moncol, J., Izakovic, M. and Mazur,
M. (2006) Free radicals, metals and antioxidants in oxidative
stress-induced cancet Chem. Biol. Interact. 10: 1-40.
Lawrence, T., Willoughby, D. A. and Gilroy, D. W. (2002)
Anti-inflammatory lipid mediators and insights into the res-
olution of inflammation. Nat. Reviews Immunol. 2: 787-795.
Lee, H. J., Sim, B. Y., Bak, J. W. and Kim, D. H. (2014) Effect
of Gami-sopungsan on inflammation and DNCB-induced
dermatitis in NC/Nga in mice. Kor: J. Orient. Physiol. Pathol.
28: 146-153.

Namazi, M. R. (2004) Cetirizine and allopurinol as novel
weapons against cellular autoimmune disorders. Int. Immu-
nopharmacol. 4: 349-353.

Yun, K. J., Kim, J. Y., Kim, J. B., Lee, K. W,, Jeong, S. Y.,
Park, H. J., Jung, H. J., Cho, Y. W., Yun, K. J. and Lee, K. T.
(2008) Inhibition of LPS-induced NO and PGE, production
by asiatic acid via NF-xB inactivation in RAW 2264.7 mac-
rophages: Possible involvement of the IKK and MAPK path-
ways. Int. Immunopharmacol. 8: 431-441.

Harris, S. G, Padilla, J., Koumas, L., Ray, D. and Phipps, R
P. (2002) Prostaglandins as modulators of immunity. Trends
Immunol. 23: 144-150.

Li, Y., Lei, D., Swindell, W. R., Xia, W., Weng, S., Fu, J,,
Worthen, C. A., Okubo, T., Johnston, A., Gudjonsson, J. E.,
Voorhees, J. J. and Fisher, G J. (2015) Age-associated increase
in skin fibroblast-derived prostaglandin E, contributes to reduced
collagen levels in elderly human skin. J. Invest. Dermatol.
135: 2181-2188.



Vol. 57, No. 1, 2026

21.

22.

23.

24.

25.

Ljung, T., Lundberg, S., Varsanyi, M., Johansson, C., Schmidt,
P. T., Herulf, M., Lundberg, J. O. and Hellstorm, P. M. (2006)
Rectal nitric oxide as biomarker in the treatment of inflam-
matory bowel disease: responders versus nonresponders. World
J. Gastroenteol. 12: 3386.

Abu, S. M., Noman, N. K., Ferdaus, H., Imtiaz, 1. E. K., Jar-
galsaikhan, D., Gantsetseg, T., Shamima, 1., Yoshikazu, N.,
Tomoaki, Y. and Takashi, Y. (2009) Thalidomide inhibits
lipopolysaccharide-induced tumor necrosis factor-a produc-
tion via down-regulation of MyD88 expression. Innate Immun.
15: 33-41.

Shon, M. S., Song, J. H., Kim, J. S., Jang, H. D. and Kim, G
N. (2013) Anti-oxidant activity of oil extracted from Korean
red ginseng and its moisturizing function. Kor. J. Aesth. Cos-
metol. 11: 489-494.

Lord, P. C., Wilmoth, L. M., Mizel, S. B. and McCal, C. E.
(1991) Expression of interleukin-1 alpha and beta genes by
human blood polymorphonuclear leukocytes. J. Clin. Invest.
87: 1312-1321.

Ban, J. Y., Kim, B. S, Kim, S. C., Kim, D. H. and Chung, J.
H. (2011) Microarray analysis of gene expression profiles in
response to treatment with melatonin in lipopolysaccharide
activated RAW 264.7 cells. Kor: J. Physiol. Pharmacol. 15:
23-29.

26.

27.

28.

29.

30.

31

32.

37

Roitt, 1., Brostoff, J. and Male, D. (2002) Immunology sixth
edition, London Mosby, p119, 128, 441.

Baek, Y. M., Choi, J. Y., Lee, C. W., Jeon, Y. S., Han, J. T.,
Jang, S. 1. and Yoo, H. S. (2012) Effects of Chinemys reevesii
on lipopolysaccaride-indused inflammatory reactions. Kor: J.
Orient. Physiol. Pathol. 26: 26-34.

Zhang, Y., Ramos, B. F. and Jakschik, B. A. (1992) Neu-
trophil recruitment by tumor necrosis factor from mast cells
in immune complex peritonitis. Science 258: 1957-1959.
Talwar, H. S., Griffiths, C. E., Fisher, G. J., Hamilton, T. A.
and Voorhees, J. J. (1995) Reduced type I and type III pro-
collagens in photodamaged adult human skin. J. Invest. Der-
matol. 105: 285-290.

Kim, J., Lee, C. W, Kim, E. K., Lee, S. J., Park, N. H., Kim,
H. S., Kim, H. K., Char, K., Jang, Y. P. and Kim, J. W. (2011)
Inhibition effect of Gynura procumbens extract on UV-B-
induced matrix-metalloproteinase expression in human der-
mal fibroblasts. J. Enthnopharmacol. 137 427-433.
Kirkwood, T. B. (2005) Understanding the odd science of
aging. Cell 120: 437-447.

Jones, D. L. and Rando, T. A. (2011) Emerging models and
paradigms for stem cell ageing. Nat. Cell Biol. 13: 506-512.

(2095. 12. 8 WF; 2095. 12. 23 AL 2096. 1. 30 AFIZH)



	RAW 264.7 세포에서 통보리사초 추출물의 항염효과
	Abstract
	재료 및 방법
	결과 및 고찰
	결론
	인용문헌


