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In Vitro Inhibition of Pro-inflammatory Mediator mRNA Expression by
Nephrite in Lipopolysaccharide-induced Mouse Macrophage Cells

Mi-jung Yeom, Bo-Hee Choi’, Dong-Ch Han, Hye-Jung Lee, Insop Shim, Sung-Hoon Kim', Dae-Hyun Hahm*

Department of Acupuncture & Meridian, 1’ Department of Oncolozy, Graduate School of Fast-West Medical Science, Kyunghee University,
2. Bokyung Nephrite Co., Kyungpook 755-881, Korea

Nephrite has been widely used as a medicinal mineral resource to treat a numerous chronic diseases and to
replenish vital essence and blood in the Korean traditional medicine. However, as of yet, there is little understanding
of the pharmacological and biochemical mechanisms of its therapeutic effects as regards anti-inflammation. We
therefore examined whether nephrite represses the expression of major inflammation mediators, such as interleukin-103
(IL-1B), tumor necrosis factor-a (TNF-a), inducible nitric oxide synthase (iNOS), and cyclooxygenase-2 (COX-2), in
LPS-stimulated murine macrophage cell line, RAW264.7 by using RT-PCR. The powder suspension and water extracts
of nephrite significantly inhibited the mRNA expression of the mediators, despite a little toxic effects on growth of RAW
264.7 cells within the concentration range tested. These experimental results suggested that the nephrite can be
utilized as a functional mineral exerting the anti-inflammation medicinal effect.
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M ABEAL HUY, ST 59 UUSE 4x) So=u

FEHIL Je 4Folrt
2 A7oAE vk KoY tHAAZEF0] RAW 264.70141
LPSE SE 5= ) &9 proinflammatory cytokine®l TNF-a2}
IL-1B B9 |47, J8l1 FQ ¢9F W B8589 4213 i
¢l prostaglandin(PG)#} Y715 ZEEZEQ ShiQ] nitric

1 M= sHet

Mouse macrophage cell line@] RAW264.72 (A)Sh=Al L7
24 O P HE] 2oMIot RAW264.72 10% (v/v) fetal bovine
serum (FBS)Z} penicillin 100U/ ml%} streptomycin 100ug/mio]
A E 2esh= DMEM BiAE ALEdio] AgdoA 37T,
5% CO, FFRNE ZHE SEMZMYIoNA wieksidict.

2 AE

>{E
n%

2529 £1)

122 (nephrite powder, NP)2 HES 113719 UAY
Az 7HE6H) FElsiairt. B <4 (nephrite water, NW)i= G5
2.2 phosphate-buffered saline (PBS)ol] 100mg/ml 5T =2 FH]
Gl pHE 728 BASHIL 5158 2XIgt &, 2,500rpmoilA| 58
b YMEEIE] 92 &Y (supernatant)S UZ=CE RAW
264701 HEE W ASH5E X2lo) 96i0], FBSE Z Gl
222 DMEM HiAlE 0)83ld HSEE 0.1mg/ml, Img/ml,
5mg/miz, @24 01%, 1%, 5% (v/vV)CE FH)619ct

g/ml EEE
Ag st
4. MTT Assay
RAW 2647 HlEO] L3 HISF 3 @840 54 olng
-7 Aol Alx 2y ZEE MTT assayE T 61T

RAW 2647 HMEZ ESEAZ BlYE % well plateo] 85x10°
cells®] HLE FHIBINCE ASE 9 AS4 Al Holl FBS7}
ZEHEA 2 iAol 3417 BOF AZE AlGtt olF 449
SER FUY Q92 52 A48 N 59 AHIBNICH
lug/ml ZE & LPSE &7} A7I5HL 244)7F Bl 5 5mg/ml
o) MTTE 2+ well & 10u¥ H715191, MTT7} @%51 Eg 1

>
1>l'

AT BHRRSIAEE. Bie B8 &, A5de A

219] acidified isopropanolg & 7}5lod 10E7} E}X]ES}M }. 53
TE Emax ™ ELISA reader (Molecular Devices Co., USA)ZE
570nmoil 4] S& 5T

5. RT-PCR

wellg} 15x10° 582 ZH1E RAW 2647425 FBS7} i

BEIR) G2 WiRlo] 3AIKE SO MSE ALk O1F 279 5
i

TR B0 QISP 52 @S5S 2417} 5 BAE ok
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g/ml 52 LPSE Hrlsled 6A]7F &b F7F vHesiY

Total RNAE TRIzol™(GIBCO BRL Co., MD, USA)S AME5}H
Z &3, BEEAIT)(Spectrophotometer) Z 260nmojl 4] H 2k
ot & -80TColA BHBIHCE 1ugY total RNAE 65ToljA] 158
&0} denaturationA]7] &, 200U moloney murine leukemia
virus(MuLV) reverse transcriptase (GIBCO BRL Co., MD, USA)
2 0|85l AF Fulrt 20uQl 818 SEHoA] AW BREE
2851 ¢cDNA mixtureE ¢Urt cDNAS 10 mM Tris-HCl
(pH8.3), 50 mM KCI, 1.5 mM MgCl,, 0.2 mM dNTP, 0.4 mM9]
2} primer®} 0.5U Taq polymerase (TaKaRa Co., Shiga, Japan)&
Z3eE 20 W9 ¥kg ZZHoj4] PTC-100 Programmable
Thermal Controller™ (MJ Research Co., Waltham, MA, USA)E
AESI SEEIUTE 21219 primer= Genbankol 7|58 &7|
AP EUE Hgst 2918 dusio] AABIIon 2429 o
JIME W EF 7L table 13} Zrl £E¥ DNAE 15%
agarose gelolA] H71g&a6ld ZQIGI¥CE. gel 49 band
intensity:= ImageMaster TotalLab™ (Amersham Biosceinces
Co, Piscataway, NJ)& 0|85k 24611 WR TFESHE
glyceraldehyde 3-phosphate dehydrogenase (GAPDH)E A28}

o FAXY gEE e aEe BE0A

6. EARE

EAAL]= Student's t-testo]] £61311, A& X9 TS
TEEZEQXE 612m, p-valuer} ZiX] 0.05 0510 AL
ook Ao R HHBIN

i ok

2
1. RAW26A7 MZEHol et 25 U @249 e
HSE W de40] MEZEHS Yolry] Asiel, I 1Y)
HSR U AS4E U7 S0 RAW 26470) H2IB 7, ME
22 PEOIIC) WESS AR B8 QK4S Aelohl 22
ASE 100%F sl YUHHOT UBpigich AR A
0.1mg/ml, Img/mi, 5mg/ml9] FTollA] MEF0] 212} 102.9%,

57.1%, 50.0% = LIERGTE 0.1mg/mi9] ETollAl= RAW 264.7
ol 4ol GBS BRIT 4 UASLL Img/ml 0|49 5

Tolxe AZZHo) FRlFUTt. JIiLE ol dnE S ARES)

Table 1. Primers used in PCR reactions

21Et &= U olgf st AKIE v]Fo]

T AMEEHOFE HEY AES
259 E¢]H0l ZHEOZ 0l5ld M2Q)
SHEC) S8 AL 01%, 1%, 5%
=L 2 Helslgetl, MES0] 1524%, 91.3%, 107.8% 2 LIEh:t

ok O3S 2HE dEes 5%9 SRR E MESY0) gle
ALE Holil, 2513 01%9 sk9 4% AMzsie £X6t

= AOE Uekdt (Fig 1).

200¢

150

100

% Cell Viability

N
o)

g 01 1

5 01 1 5

NP {mg/ml) NW (%)

Fig. 1. The cytotoxic effect of nephrite powder (NP) or nephrite
water (NW) on LPS-induced RAW 264.7 cells. RAW 264.7 cells were
treated with various concentrations of NP or NW, and cytotoxicity was measured
by using MTT assay. (*p{C05 as compared to LPS-treated control, fane 1)

2. IL-1B%} TNF-a FAAL ghslof thet dS2 2
dAsE 9 d549 1L-189F TNF-a {8}

S MHEB7] 951 RI-PCRS Al@ske] IL-189} TNF-a2)
mRNA sl tish S8 7151990t (Fig. 2). 2219} PCR &t
22 house-keeping gene®l GAPDHE EZ &8It RAW
264.700 LPSE Az|5HK ke AL IL-189} TNF-a mRNAZ}
6] UHSHA &%ko, lug/ml 559 LPSE Azlside &
212} 64.3%, 53.8%F WSiEo] 28] &715Iirt. 1L-1B0)
oF 28 U 9849 gitE AnEH, LPSY) e dgs
0.1mg/mlolLt Img/mlE A28t ASF 40.1%, 10.7%E LIE

L} LPS Aglst ool uishA EAF QR |9t 448 VERNR

0%
0o

Mo & Ho

Name Primer sequence

Product size (bp)

Annealing temperature (C) Cycle numbers

5'-tgcagagticeccaactggtacate-3'

L8 5-glgclgectaatgleoceligaatc-3
NF-a 5 ‘-cctgtagcccacgtcgtagc—q
5'-tigaccicagegetgagtig-3
COX-2 5-cececacagicaaagacact-3
5-ccccaaagatageatetgga-3
INOS 5-atgtccgaageaaacatcac-3
5'-taatgtccaggaagtaggtg-3
GAPDH 5-atcccatcaccateticcag-3

5-cotgeticaccacctictig-3'

387 58 3
374 56 ' 2
7 58 2
401 55 )
579 58 0
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RAW 264.7 S M ZollA] EEFERIAISY
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Hess=

ol We4E 01%, 1%, 5%% LPSe gl AHeldh

43.3%, 28.3%, 15.2% 2 LIERGTE LPS Mzl vlme
0] 557t gl wigl EAECE [98t AAE LIE}
201k 4= AXTE S TNF-a9] mRNA 2hdol vt H=
BNy 4Bt HF A3 PSS €A 0.1mg/ml
HElg Foll Az 483% 2 of7t ZAshs 28E B
HERES Aidt 79 42 49% % EAHCE
LAE UEHITE ASRE 01%, 1%, 5% = LPSS A
16t B0l 401%, 46.6%, 388% 2 Ot ThAslE A
HYOoU, SoM2 Yt Smg/ml 55 (28 X279
AL IL-18%F TNF-a [5ALY] ehdlo] Ha HEFA Tt
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Jd2iL} GAPDHY] 2kl weot HE%A] L= Smg/ml &
9 At 2EXe

A

T

@S0l IL1B ¥ TNF-uo) wEg

AT

NP (mg/ml)

0.1 1 5 0.1 1 5 NP or NW
+ + + + + + + PSS (lpg/mb)

NP (%)

0

< L1
o ETNF -
n
7]
£ so- "
7]
=T
= ]
o 25
E "
g L]
o
- + + + 4+ + + + LPS{1ugimj
0 001 1 5 011 5 NPorNwW
NP (mg'mi) NW (%)

Fig. 2 Effect of nephrite powder (NP) or nephrite water (NW) on
mRNA expression of IL-13 and TNF-a. RAW 2647 cells were incubated
in the presence of LPS with or wihout NP (or NW) for 6 hours. Each target PCR
product was normalized 1o GAPDH, a housekeeping gene. ('p<0.05, 001 as
compared to LPS-treated contro

RT-PCRE Al&5IA

Z31519 L RAW 264.70] LPSE A2l8lA] LS AL COX-2
iNOS mRNA7} A3 WalghA] &toLt, lug/ml X9 LPS
& Aelskig 217} 45.7%, 481% 2 vidgo] G435] &7}
Sioirt. COX-20 tieh A= B d549 gie AMEd,
LPS2} .Img/mlojL} Img/mIE RZIet B2

& K2Re

321%, 4.2% 5 LIERL LPS AEIst Foll gigiA] EAXRCE 9

_,_.

B

ol gt MEKS BERS oA &3

1)

AE UEIIROM, 53] Img/mlz Meldt A9 SXE
BT Q84S 01%, 1%, 5% % LSS 3 Aeleh 2
COX-2 FHAYQ] vrsdgro] 32.3%, 34.2%, 11.5%F LIERG
L LPS A2 1T T, 01%9} 1%9] AR50 EEolA
LIERARLT, 5% A= 4ol4] Bei
Foleg

o
e

09 o my o
L

~
z=
ok

gt =+

o

e
ERAACE S INOS2| mRNA 2ol
N5 duBEch £847 LPse
Helgh oAl 28.0%, lmg/ml H2E
1BO%E 571 Erielel it S48 A48 Vel |5
Z 01%, 1%, 5% % LPS2} A Meldt 4 2o)e 25.0%, 22.0%,
120% 2 AL 4ok Aee HAJCH Smg/ml 559 H=ZE
e AL COX-2 9 iINOS SFXLS] vislo] A& BEE A
ST 1Lt GAPDHO| U Xgh #EE A

5mg/ml ££9) QY220] COX-2 W iNOSS) els g AAIBIC i

A
ok

o

dEA g £E QAT
NP (mg/ml) NP (%)
0 0.1 1 b 0.1 1 5 NP or NW
- + + + + + + LPS (1ug/mb

COX-2
INOS
50
5
‘@
"]
et
g-an
[ 1]
]
Z 2
E
= 1p
=" 5" T = +  LPS (1pgimi)
0 001 1 5 01 1 3 NPorhNw
NP {mgiml) NW (%)

Fig. 3 Effect of nephrite powder (NP) or nephrite water (NW) on
mRNA expression of COX-2 and iINOS. RAW 2647 cells were incubated
in the presence of LPS with or without NP (or NWI for 6 hours. Each PCR product
was normatized to GAPOH, a housekeeping gene. I* p<005, ™ p{001 as compared
to LPS-treated controh
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‘cytokine, degradative enzyme, bioactive lipid intermediate,

transient reactive oxygen species, sensitized Imphocyte®] 434
5 AZWe] Heit dojdtt 2hE A0l dsdgoliMe wa T
o] F Kol ol8) cell activation W A ZAFHEO] Yoj k™ &}

- 1625 -



Hrlg - A83 - SHEQ - ol

9} lstn7lE & prostaglandins (PG)3} nitric oxide (NO)&
o 2 @59 AYHHo| Q3 MASTIcEYY @dZo)
Sg &Edh= okE & UM B ABIE AE
nonsteroidal  antiinflammatory drugs (NSAIDs)=  R|uo)
prostaglanding A4 ls COXE A0 EZH QHAES L}
ER =¥ cyclooxygenaser= COX-13} COX-29] % 717
isoform©. 2 ZEAgH = o] BIAL) 0] & COX-12 Farat
EfofAl 1A XﬂjbJr dadh A& A2 B 283 £
Z1gol] BogkE PGH B4l Josh= 400w vial, COX-2
= ’g’éﬂﬂioﬂﬂf I 57t e Lot gEaaA ol o
2] A} (cytokine, endotoxin, mitogenjoll Q& ST W FE o] E
Zolt 4ol Polsks PGH Y&o Bojsict?
oxide synthase (NOS)= vascular tone, neurotransmission, Allgf
2l QA FO] APH I, homeostatatic mechanism RZEo| Todsh
19 wsl =2 =70 NO= circulatory shock®, inflammation™,
carcinogenesmlg) 9] Az8i2oA] VERAT) Neuronal NOS$}
endothelial NOSE H4150] Akefoll4] Exi5iM, BHH iNOS
(NOS typell}= LPS, cytokine o} 93] &% LBl & 50]
Lt 852 ZESh 98 & NSAIDs= Q1A volla] g5 ¥
o BHgk= PGR olglol Y&t B3, €adysa
PGY] 84T oAgle, A3 ot 28 59 5z}
VERMA Bk wigbA] inducible formQ) enzymeRh
o=z Q".Kﬂ/\l%‘ & Ae AEHY Mgo] @FHUC
Q1 d29 AE §52 B2 Edol V=50 Aok B
JE7LOJI MEH AOF 2ol TE2 BEF K, I 5
Shizt Zolct. S4(E®)ol ol ‘3}
g Zo] @it () £9 €& o A
58 Ag v 5 258 WA @r/}g) AlEE
YR (ELE), 2ETS(AEHE)E A5, 2 1EE W
of ALY o1A Bl BEE 5 LASEE SHEHA Sl A
e L—_ﬁ]%% ARG EAA Fe= EI7E UES 8 ol 9
( 1B €& AASK AsAS a7t QAL N1EX] HAT
gol 1/LL 7heo] HYTHHIEEY £1 25S RA 3 Fu,
H°‘7‘Ol ‘:‘«—1 HES oM, 20l Dol 7YX HEhA
Al SIFIL, S e g Lo
2 AFo) T
a7t ALer, o]

oM = olo

IES} nitric

i olp

¥

A
!
T 1
A
ol

=

J% o rﬂd

g2 F1 289 75

EUAE 124 T8 Lot Yol
=

ool & HTZE d=o] =0] Qu, G Yol L, SBEVL ¢l
dohs A=l gso 20k, W, BE, 858 Filohe ¥
59 AFEo] E7t AUe AHole} 71BNt oAl d=9
4 amE BUg o el a9 &d 538 Brish] 9
gk, A2 LA B4t JdSE dsEg dElkgs
of ZFAZ] = A2 HBU AESE FHlsIcE FHlE o

SR AS5Y 2GENS B sk, GE in vitro

system@] LPSE A}5A171 RAW 2647 MEFE 0|83

R

LPS= SEoA 7139 484 ArHYss fushs 81
2%, AN EE 5 9 UH

& A}=51o] IL-1BL) TNF-a9) 2+
A BHIE FUA7IH*, PGE20) BT
Y SHEES FUeIT 9EA Aok
CEE B dAS459 HE 548 Andr] fskd MIT
assay & THCINULE. FELY B2, Img/mlP} 5mg/mlQ] 5T
oAl MTTQ] 2iedo] "olXl= ASE BEFAUCE T2} &
nAE g o1l LaS Au d=ZRo] nigdd siglgkol Qe
AS 2 % UKE, Ol AR HE SHOF 018 Folet

= ESEY
Qg E21Z1el Qelofl 71018k A
i O
=

N

EIMAIAMT,

HE

1,
7180k T 2RO
olg} TAFECE A2 A2 Al
2318 1%9) sTolAE HESA LPEMD}
HEEN AS0 A GHE Yol I9rl‘ AFE IL-18
<} TNF-q, COX-22} iNOSE AEREISE PSE ¥ IL-18
mRNA 250l w5l JFE| oA EAE st BTl A
SAXNLE F9d0] A HFElo] Z/15K) HS49 AR &
S 0.1%0)A] 5% 2 5Lt &
mRNA 25i0] FA) Zaghe 2R1g & UArt JELt LPSE
¥ TNF-a mRNA 253 BR6dE
46 AAsle de2 2oL St
HEE2Y 0.1mg/mlo} ETolAE FEls O EUE 2 4
ATt ol ASEU HS47) TNFaHths 11189 w18 X a)
| o SHEYE ARSI
T e £ |5 42 ES9 X HQl COX-29} iNOSoy thsl
3o HAr} LPSo 98] F-E¥ COX-2 X iNOS SR A}
ZEI dg40d Adl AA FHAct S5 INOSQ AL
9l 5571 E7igk) wiel LPSoll 98] S5 x& SRR
o] @A3] AdlEle Age SIF 4= JUCE LPSo) 98
COX-29] &idls AR HS4 HEo 98 AiEs Batet
4 AU LLE INOS9 WH g TS F3io] AAIgE Seis
AT E0ITE AL Img/ml AL AL LPsol 23 7
g IL-182} TNF-q, COX-29} iNOS Q@A WS BE &
5l A= Aot ol Img/miofii] LiEhd MIZEHOZ
eIsid ZAI7} A7IE 42 USL), 0]= house-keeping gene?l
GAPDHY] wélofj= o}Red EAI7E GIRCEE 1 o ol
7IRIE & 4 Urh ML E3 ol JIBige JSEY 2T
el FA] tigh in vitro 4819] SIAZ U0 F XEE
Aol HE /Hsde SES ASE AlFHEn
£ % dg+7t LPsE RE" in

Lo 2
>
e m

4 o

oA
e o e b

1S

in vivo

&
olatol dd e o
vitro @5 A Teol Qloja] IL-1BQ}F TNF-o, COX-29} iNOS
o FEsk] 49 g3t Jtks RE BY Zr} ol 4E ¢
58 22 oghi X Fof A= Y g 9

= =
zolgg # RAW A E AAShE AL EA] YO RET TIeksh
in vivo 95 52 Pe 52 9 ABS Bol 999 4o, NE
as5e KH@—’S—@PJZ oot 7159 7lsgamEs Aesi) ¢
8 ChZEl 271 @77} A&Eolot 8 AOE BT
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RAW 264.7 HAM ZLollA HEFH)

a B
LPSE |EF RAW 264.7 H|x2o4]8 G5 HIZolA] I
2 d24:0] 1188 TNF-a, COX-28} iNOS SFA whalof
ol AwlE FEEE viRl=A AT 2 thed 22 AEe
¢ct ASES UAZ LPSol ool |RLFE IL-18%} TNF-q,
COX—ZQ} iNOSS) SHAF wale Aalsigch &8 IL-18%9)

INOSE] A3l g7t %8519 O™, Img/ml9] EFollAlE IL-1
RS} TNF-o, COX-28} iNOS 2% 16t A 278 eI
C}. HdS4 w3 LPSol| Qs 5% IL-1B9F TNF-a, COX-29}
iNOSS] FHAL walol Aol aiE | Slﬂ% TNF-0& A|}5}
IE skol viEsle I a3t ARCE A 5] IL-1
B} INOSS] Mall a7t EEaIATt
0]4}0] S AMEHE] LPSE ST & WEMAZY in vitro

= ISt E

A& 2o QUolA, dZE L dS57 EE 45 AA
QIXFE9] IL-1B, TNF-a, COX-22} iINOSQ] SHAL 2tad 2 AH 6
e oRauE Zlg £ on, &% dgol FuEe Ad
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