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ABSTRACT

Effects on Squalene about secretion of TNF~a & |IL-6 by
Glycerol-induced acute-renal failure in mice kidney

Gi Yun
Adviser : Prof. Kim, Jong-Se, Ph. D
Department of Biology,

Graduate School of Chosun University

Kidney had recovery function toxicants, ischemia, reperfusion -induced
damage, acute-renal failure (below, called ARF). ARF is characterized by a
deterioration of renal function over a period of hours to days. ARF results
in failure of the kidney to excrete nitorgenous waste products and maintain
fluid and electrolyte homeostasis.

Nitric oxide (below, called NO) is a recently discovered mediator of cell
communication involved in a variety physiological and pathophysiological
processes. NO is syn— thesized from (—arginine by a family of enzymes called
NO synthases (below, called NOS). This enzyme is present in a variety of
tissues including smooth muscle cells and macrophages and take part in
several immunopathological process. NO has a short half-life and is rapidly
oxidized to the stable, inactive end-products, nitrite and nitrate.

Macrophages play a major role in host defense against infection and
cancer. Activation of macrophages induces the production and release of many
inflammatory mediators, including cytokines (TNF-a,IL-6), arachidonic acid
metabolites and NO. Pro-inflammatory cytokines are produced in response to
variety of stimuli including bacterial endotoxin, pro-oxidants, and certain
environmental agents.

Tumor necrosis factor—a (below, called TNF-a, a 17-kDa trimeric protein)
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is a proinflammatory cytokine that often is overexpressed in a number of
disease states such as sepsis syndrome, rheumatoid arthritis, inflammatory
bowel| disease and periodontitis. TNF-a is a known to be a key mediator for
the induction of apoptosis in murine thymus and organization of |ymphoid
organs, as well as development of humoral immune response. And TNF-a can
induce the production of NO. However, at high concentrations, TNF-a has
dis— advantageous effects, such as inducing tissue injury and potentiating
septic shock.

Interleukin-6 (below, called IL-6, a 26-kDa protein) is a multifunctional
cytokine. |L-6 is released by T and B Iympho- cytes, macrophages,
fibroblasts, endothelial cells, mesengial cells, and tubular epithelial
cells. And, IL-6 release is stimulated by TNF-a .

Saqualene (below, called SQ), a polyunsaturated triterpene that contain six
isoprene units, is a key intermediate in cholesterol biosynthesis. It
received its name because of occurrence in shark liver oil (Sgqualuss spp.)
which is considered to be the richest source of squalene. SQ has been
reported to possess antioxidant, membrane stabilizing properties, detoxic
effect against diverse chemicals, protect the skin from ultraviolet
radiation, protect the cyclophosph— amide-induced toxicity, effect of bFGF.
protect of alcohol damage.

The aim of this study is to evaluate the effects squalene on the
prevention of experimental ARF induced by glycerol.

/n vitro experiments, The cytotoxic effects of SQ (0.1%) was evaluated by
the LDH. And, We were investigated to production of NO, TNF-a and IL-6 in
Renca kidney cells (2x10°/well) after treatment glycerol(4mM) or SQ (0.1%).

/n vivo experiments, We were investigated to production of TNF-a and IL-6
after treatment with glycerol. The experimental groups were divided into
three groups. Group 1 was normal mouse. Group 2 was not treatment with

squalene after intramuscular injection of glycerol (50 %, 8 ml/kg). And,
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Group 3 was treated with squalene (180 mg/kg) after intramuscular injection
of glycerol (50 %, 8 ml/kg). All groups were used to 10 mice.

The supernatants or tissue were analyzed for TNF-o and [L-6 by a using a
commercial ELISA kit (Minneapolis, USA) according th the manufacturer’ s
guidelines.

/n vitro results, SQ did not affect on the LDH and NO production by
itself. At 6 hour, the production of TNF-o was affected compared with only
glycerol group (p<0.05). But, at 24 hour, the production of TNF-a did not
affected. On the other hand, IL-6 was affected compared with glycerol only
at 24 hour (p<0.05).

/n vivo results, SQ was decreased the glycerol-induced TNF-a and IL-6
production compared with glycerol only at 48 and 72 hours (p<0.05).

't was concluded that SQ will increase the immune response on the glycerol

induced-renal damage.
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ME2 =422, vlE, W&AS(reperfusion)-R& Aol & 04 IJHX &ele
2 0I5t 2442 & (acute renal failure(ARF))0l ZME{XIH AP0 2t |
= = £ gr=CHLin., 20086,
Vexler et a/., 1996, Hori et a/., 1985). =S 8AIRH(ARF)E S2H2Z Mot
1 OIESHI| fIohM &0l A= dopamin, prostaglandin A; & €y, &
=M, dimercaprol, penicillamine, leucovorin, Et&t=AULIESDE allopurinol,
vitamin €, Pentoxyfylline S0l &&=z AE L1 UCHTekin et a/.,
2000).
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gtst Chst MIZLHOIAM glomerular mesengial MIESl AE1 mitogenesis <Al
2 HAME =4, TNF-a 2t bacterial Lipopolysaccharide (LPS) X201 2|8t

neuroral PC12 MIXES| apoptosis =&, Al & 2?M= ROPase H= & =
Moyl WHEU 208HCH(Eduardo et a/., 1995, Moncada., 1992, Rupprecht et
al., 2000, Lakics & Vogel., 1998, Heneka et a/., 1998, Park et a/., 2002).
NOJH 22 0l&de=2 MAETU XA shockOll 28t MELSE, SHHOI, AMIXE &
A S0l LIS SCHKnoeles & Moncada., 1992, Nathan., 1992).

Tumor necrosis factor—alpha(TNF—a)E S X0l 25 kDa, cachectinez A
T JEO| AYEHX= LAKXCH FZ AL CHAMIIE

OlA a0, HABSI BSEHSES Rrole ES=T0HH MOIEIIL=Z Al
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Zol A& =23, apoptosis, necrosis 2 Jls0l 20otH &

JtAI2ICH(Jeong et a/., 2004, Hur & Park., 2004, Aggarwal et a/., 1985). TNF-
as 0M2 28 Al LSS0l SIt6t2, AMANES WOIEIL 2Hl SIE /%
otod DIM=20l et ==FMES FAHE FAdts SRS YOI Jgs
Stih., S 2 Al NIZDAE REotH S 2O 2ZAl JI82Z 0I8EHIIE
ot, =+ &, Major histocompatibility complex (MHC) &&<2 =&, 6 BAIZE
E4l, angiogenesis #& X HANE 24 JIsS JHALD UCHHan et al.,

1995, Agarwal et a/., 1988). eiLt, CHEQ TNF-a YE2 A2 =58 24,
2o 256, A &2 =42 RY6HIIS &tCH(Vicek & Lee., 1991, Beutler &
Cerami., 1989, Eigler et a/., 1997).

Inter leukin—6 (IL-6)= = A0l 21 kDa, 21224 Ot0l=&b &I|2 OI2HA Ch
A5t JIsS Jt&l A2 HAMIZRE T-MHIZ0l SoHA AAHEICHHIrano et al.,
1986, Stavros et a/., 1996). IL-6= TNF-a 2t IL-110F & S48 HEBISOl 7
SXM&ZAM  anti-inflammatory®?t pro-inflammatory cytokine@=2 e UL
(Steven & Vera., 2000). IL-6= granulocyte-macrophage colony stimulating
factor (GM-CSF), interferon-gamma (IFN-gamma), macrophage infla- mmatory pro-
tein=2 (MIP-22H)2t Z'2 pro-inflammatory cytokinell MALS ARt HES
DXl QUCH. 8, |L-6= D" T-MIE, cytotoxic T-MIZ =23t2t NK (Natural
Killer) MIX Jlsg X=0ot1, IL-1ra &8 =88 INF =8X L=S &6t
= &2 JtAl1 UCH(Barton., 1997, Van., 1990, Tilg et a/., 19%4

Squalene (hexamethyltetracosahexane, CaHso, SQ)2 ZHAHS
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= SR8 42222 AM, 6012 0182 Z2geg = U
O, doll &0 2F, =2clEx S0l ®0l gRE oAz LR, SRATIEA,
OiotAIg =, gZ&E, HY L 42 sl O R0 JACHLIiu ef a/

1976,Yolanda et a/., 2005, Yumiko et a/., 1997). AR L2 AX XS, 82
S&E, SWEI M &g, A, 2HEE Z k=3

90), S (Yamawaki et a/., 1978), HIZHA HtgS X&E L SAgHH &4
SH(Storm et a/.,1993), SHEAEN ST MF A HKO0LME HEQIXH(basic

fibroblast growth facter, bFGF) & S IHKim et a/., 2005)JF /US0| 2105
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1. A<

Oulbecco’ s modified Eagle’ s medium(OIGH, OMEMOI2t &, WelGENE Inc,
KOREA), Fetal Bovine Serum (OI5t. FBS 2t &, Wel GENE Inc, KOREA), Phosporic
acid solution (Daejung, Korea), Glycerol solution (Daejung, Korea),
Bicincchoninic acid (OISt BCA2t &) protein assay kit(Pierce, U.S.A.),
Sodium  nitrate  (Sigma, U.S.A.),

N-(naphthyethylene)diamine (Sigma, U.S.A.), Lactate dehydrogenase(Oldt, LDH
¢t &) =& kit= RocheAt(Germany), TNF-a, IL-601 CHEF SHS22& Xl (mo-
noclonal antibody)2l ELISA Kits(R&D systems, MIN, U.S.A)E ALE5tRUCE.

sulfanilamide  (Sigma, U.S.A.),

MED(SH=)0AM M, B36t0 U= ICRA MF (S 25-35 g)
= 45+ 5 %2 =AIE AIFANA Sclot2
m) oA AFSoIASCH, AAS(HMEME M)

ol
2t 2= AKSH EF AL A2 BHN2(E=) MSS ASoHACH

o
o
=
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~
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N
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X
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3. MIZHH
renal cell? Renca MIEF= S MIEZF2M(KCLB, KOREA)UHIAM FTIA2OH,
OMEMOIl 10 % FBS, 100 u/mL penicillin, 100 #g/mL strepto— mycin2 =L PN
£ ME03dt0] 37 °C, 5 % C0, incubator Ol Al HHFGHALE.

-

o
o

4. LOH =&

Renca NMEF==25H M4d= (OH 4= =&Hotd st oflt. =Hl= 4
4

M

Renca MITZ(2x10° cell)Ofl 2t2F Glycer mM, Junsei Co, Japan, Kim et a/.,

0
2005), SQ (0.1 %) E s=g= 22 FHIF 8t &, AIZHH(6, 24 AZ2HM)E =2 LOHE
ZHotULH. a8 82 O3 &0, 2 2E=2 Supernatant 100 uLE ol A

Oo| =
AN

96-well microplatedll =ZFolFCH. Kit (Roche, Indianapolis, USA)OG



reaction mixtureE 2f well0f 100 pL&A =&t , 30 & 0l A=20M Xt
AEHHN E22otHM BESAIZICH.  microplate  reader

Sunnyvale, CA, U.S.A)E 0I=23ct0d 490 nmOll A =ZGHALE.

0l

—

Molecular Devices,

5. N0 &%

Z=HIEl FA& Renca AMIZEOI(2x10° cell)Oll 2t2F Glycerol (4 mM, Junsei Co,
Japan), SQ (0.1 %)E =sSg8=x 22 &It &t =, AZ2HUH(6, 24 AIZHH)E 2 NOE
SHotULH. g HH2 Osd 20, Renca MEOAM &= NOSI 22 M
S0l E=THot= N0, 2! SEHZ A Griess A4S 0180t SEHOIRULH. &SNS 96
well platedf 22 =8 = Griess reagent (0.8 % sulfanilamide/0.75 %

N-(naphthyethylene) diamine in 0.5N HCI, Sigma) 100 pLE FHIIGIQICH. 1522
M2 XIS =, 540 nm OFEOWAM microplate reader (Molecular Devices,
Sunnyvale, CA, U.S.A)E 0l23t0 nitrite ==& =Xo6t%CH. Sodium nitrate

(0.5~100 M)Z nitrite EZE92 0|25+ALt.

6. Glycerol 3t SQ HM2l(/n vitro2l B<)
ZHIE XA Renca MIZOI(2x10° cell)Ol 2t2+ Glycerol (4 mM, Junsei Co,

Japan), SQ (0.1 %)& =2t &IF & =, AIZtU(6, 24 AZ2tM)E=Z TNF-a, IL-6

Mo HEB SHOHACH

7. Glycerol @t SQ X2l (/n vivodl H<)
glycerol (50 %, 8 mé/kg, Mohammad & Adebayo., 2002)2 2& FAIE
UotRACEH. SQ (80 me/kg)= glycerol MXI 302 JH &, =2S Sl
Ct, agze Usd 20, g 12 glycerol8 &= M=, &
glycerol X™XI =, SQE 13I8t MXIgt =, A&= 32 glycerol XXl =
13| MXlst & S22 24, 48, 72 AZIMO MF2 AHES HECA L,

g 45 100t2IE AtSotRALt.
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8. Glycerol -7 % Cytokines2 =&

INF-a, IL-6S2 MOIEItel =8 ZEHZ2 manufacturers instructionOll IFSt
Ch. M, 50 uL 24 3|4 %(assay diluent)S M3E wel 0 220 @0, 28 Mt
OIEJt2l0l CHet HEZ=M(standard solution)dt AEMS 22 50 ulLM well2 =
A0 EIIoto & AH0ISS plateES JIEA HtE0l < 3
HOIZZ G0 2A12F SO AR20M BHSAIRCH. 2HE HOIZE MHoL M3
& washing buffer2 53| M&E HE S BHEotALCH. =FotIA o= MOIEILIS
conjugate EM 100 pyLE 2f wel 0l €10 ZHE HOIZZ E0 2AI2F S¢t Bt
A2l =, washing buffer2 53 M HE= gH=otJCH. 100 gL JIE
(substrate solution)2 2 wel 0l €10 302 SoF A20A Xt& AEiZ 226t
HA BESARC. O =, FXNEAH(stop solution)S 2k wel IOl 100 plL&y €
302 OlLtiol =&otACH microreader: 450 nm, wavelength correction: 570nm,
U.S.A.).

(o)

S M= Z2HS

FACH. BCA

80
2210 &9 AlZ 25 pulLE 96 well platelil =30oti] AlSF A2t
2

i

HE=SEHZ MEGHH
O

B(50:1)2

AHE BCA 24=2(200 plL)sS 22 =HIIst =, 37 COHIA 1AI2E S0t Lot ALE.
Hi2F =, microplate reader (Molecular Devices, Sunnyvale, CA, USA)S O|I23dt0d

540 mmOilA SZE=E =ZotRULE.

10. SAHXCI
2 dE 8 SHSS Red2 HAUE ZRE ZZ2 180l SASE 0/S8 Anova
testOl /ot HEGIAULMH, 2 pgt=2 0.05 0182 XS Rt =22 1ol
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1. /n vitro 21

(1) Renca MIZ=E 01&8t glycerol, SQ XMXIO0l 28 LDH Z 3t
RencaMl X0l SQ, GlycerolS MIZEHHFH0I FHOHHHEH =, A

NIEZHH RO ct=02 HMelst H&=0l ol SQ (0.1 %)E Melst 22 3= 6,

24 A2t 86.4+ 7.6, 70.1+ 157 % & 20 4=z 2 X0IE 20| A

Glycerol (4 mM)S MIZZHHH0 XMelst =22 B 6, A2 225.3

224.9+ 11.3 %2 20 Z&Z0 Hloh =2 L0H MA0| ZEHEZUCHTable 1,

Figure. 1).

Table 1. Analysis of cytoprotective effect of SQ or glycerol in

cultured Renca cell. (unit: %)
Groups
) Group 1 Group 2
Times(hours
6 225.3£35.2 86.4+7.6
24 2249+11.3 70.1+15.7

The cytoprotective effects was analyzed with the amount of
lactate dehydrogenase (LDH) in cultured Renca cells (2x10°/well).
Group 1. The only glycerol (4 mM) was added with cultured medium.
Group 2. The only SQ (0.1 %) was added with cultured medium.



(@) Renca MIEZZ=E 0|8t glycerol, SQ HXI0 2/ NO 21t
RencaMl 0l SQ, GlycerolE M ZEHHHN =HOLHHSH =, NOE SHoOIHLH. A
0.0

Xelet daze F2 0.20+ 0.04, 0.14% A( 1 M/mg

]
=
0
2
=]
0
Jn
|0
HI @ o

protein)8 S RLC. 1 %2 Xelgt 29 ZESR 6, 24 AZ2HM 0.25+ 0.03,

Q (0.
HAZD 2 X0IE 201X LUCH. Glycerol (4 mM)E Al
2

IHH N Xelst =22 B 6, 24 AZHM 0.27+ 0.05, 0.23+ 0.032 20 0l=
SZ10| NO MAHE S glsE 2102 ZELQUCH Table 2, Figure. 2).

Table 2. The effects of SQ or glycerol on the NO production in

cultured Renca cells. (unit: pM/mg protein)
Groups
. Group 1 Group 2 Group 3
Times(hours
6 0.20£0.04 0.27£0.05 0.25+0.03
24 0.14£0.04 0.23£0.03 0.21£0.03

Group 1. The only cultured medium was used.
Group 2. The only glycerol (4 mM) was added with cultured medium.
Group 3. The only SQ (0.1 %) was added with cultured medium.



M

(3) Renca MIZZFZ 0128t glycerol, SQ MXIO 28t TNF-a M4 Z 1t

RencaMlit0ll SQ, GlycerolE AMIXEHHFHO0 EHIHBHel =, TNF-a Z3ig =3
OtALH. AMIEZHiZROH =92 Xelet H&=22 & 200.0 £24.2, 400.0+
32.4(pg/mL)S 2 ACH. Glycerol (4 mM)E MIZHHHO Xc2lst =22 B 6, 24
AZHRH 2536.7+ 190.7, 2239.3+ 250.7, Glycerol (4 mM)1t SQ (0.1 %)E MIZHHF
MOl &M Xcelst 2ol FS 6, 24 AIZHM 1761.4%+ 110.6, 1908.2+ 111.42
glycerol ©= Xclz0l BloHl 6 AIZHMHOI TNF-o MESS ZAAZDS 2FoHULH

(Table 3, Figure. 3, p<0.05).

4
4

Table 3. The effects of SQ on the glycerol-induced TNF-a.
production in cultured Renca cells. (unit: pg/mL)

Groups

Group 1 Group 2 Group 3
Times(hours P P P
6 200.0+24.2 2536.7+190.7 1761.4+110.6
24 400.0+£32.4 2239.3+250.7 1908.1+111.4

"p<0.05 compared with glycerol.
Group 1. The only cultured medium was used.
Group 2. The only glycerol (4 mM) was added with cultured medium.
Group 3. The SQ (0.1 %) was added with cultured medium after

injection glycerol.



(4) Renca MIEZZ=S 0|28 glycerol, SQ XXI0 28t |L-6 A ZHt
S

RencaMIZ 0 SQ, GlycerolE MIZEHHH0 &HOLbHst =, [L-6 &S Aot
SCH, MIEZH LMD =22 Xlst &az22 H< 0.07+ 0.01, 0.08+ 0.02
(po/mL)E EHLE. Glycerol (4 mM)S MIZUHH Helst 2ol HR 6, 24 Al2t

B 5.59+ 0.18, 17.544+ 2.59, Glycerol (4 mM)2t SQ (0.1 %)E MIZZHHHO &M
Xalst @22 B 6, 24 AW 4.74+ 0.03, 10.30+ 1.49=2 glycerol &= X2l
Ol HIoH 24 AIZHFHOI L6 MAS ZAANZS 2EGIHCHTable 4, Figure. 4,

p<0.05).

Table 4. The effects of SQ on the glycerol—-induced IL-6
production in cultured Renca cells. (unit: pg/mL)

Groups

Group 1 Group 2 Group 3

Times(hours P P P
6 0.07£0.01 5.59£0.18 474£0.03
24 0.08+0.02 17.54£2.59 10.30+1.49"

"p<0.05 compared with glycerol.
Group 1. The only cultured medium was used.
Group 2. The only glycerol (4 mM) was added with cultured medium.
Group 3. The SQ (0.1 %) was added with cultured medium after

injection glycerol.
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~

g) XX
FEIGIRACH. Glycerol Bt &= X XISt =22l B 24, 48, 72 AZHMOl 8.27+ 1.48,
23+ 2.10, 6.22+ 1.48(pg/mG)S 2 ACt. Glycerol S F=I5t10, SQ2 158t

o % 7.656+ 0.90, 6.48+ 2.00, 6.21+ 0.4022 Glycerol &= XX
XOIE 20lK= HEUALH. GlycerolE =&otd, SQE 1Y 13 =gt =22° &
7.65+ 0.90, 4.10% 0.48, 3.10% 0.45% Glycerol ©®= XXl =20l HIo{ 48, 72
AZERHOI TNF-o A 0| ZAES 2EGIUCHTable 5, Figure. 5, p<0.05).

]

oo

o

40 TlU
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Table 5. The effects of SQ on the glycerol-induced TNF-a.

production in mice kidney.

(unit: pg/mG)

Groups
) Group 1 Group 2 Group 3
Times(hours
24 8.27+1.48 7.65£0.90 7.65+0.90
48 8.23+2.10 6.48+2.00 4.10+0.48"
72 6.22+1.48 6.21+ 0.40 3.10+0.45"

"0<0.05 compared with glycerol.

Group 1. Glycerol (50 %, 8 mé/kg) was injected by i.m.

Group 2. SQ (80 mé/kg) was injected once after glycerol injection.

Group 3. SQ (80 me/kg) was injected once a day after glycerol

injection.

_11_



(2) MF AMEOAM glycerol S5 IL-6 A0l 25 SQ2 &t

ol 22 FAI2 =oll glycerol (50 %, 8 m/kg)E =elst =, SQ (80 me/
kg) X XIJF MA XXUAMe IL-6 LSS odst &S 0lX= AE AlZHUZ
2

i

A
]
Q'j
b4
[m)
©
<
(@)
@
=
=
o
Jn
Z-|l_|
ﬁ
ron
M
10
oY
{0
N
>
N
@
\I
N
=

. Glycerol £ =g&ot1, SQE 1212t =
| 3= 3.05+ 1.40, 2.23+ 0.90, 1.96+ 0.202 Glycerol ©= XXl =it
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Table 6. The effects of SQ on the glycerol-induced IL-6

production in mice kidney. (unit: pg/mG)
Groups
. Group 1 Group 2 Group 3
Times(hours
24 3.81+£0.46 3.05£1.40 3.05£1.40
48 3.16£0.43 2.23+0.90 1.73+0.19"
72 1.91+0.45 1.96£0.20 1.74£0.10

"p<0.05 compared with glycerol.

Group 1. Glycerol (50 %, 8 mé/kg) was injected by i.m.

Group 2. SQ (80 me/kg) was injected once after glycerol injection.

Group 3. SQ (80 m¢/kg) was injected once a day after glycerol

injection.
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Fig. 1. Analysis of cytoprotective effect of SQ (0.1 %) or glycerol.

The cytoprotective effects was analyzed with the amount of lactate
dehydrogenase (LDH) in cultured Renca cells (2x10° well). Each groups were
cultured during the 6 or 24 hours. After incubation, each medium was placed
on to the 96 well plate and measured in ELISA reader at 490 nm The results

are expressed the mean+ SD (n=10) in the triplicate experiment.
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Fig. 2. The effects of SQ (0.1 %) or glycerol (4 mM) on the NO

production in cultured Renca cells (2x10°/well).

Each groups were cultured during the 6 or 24 hours. Nitrite concentration
were expressed as pmol/mg of protein. The results are expressed the meanz

SD (n=10) in the triplicate experiment.
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Fig. 3. The effects of SQ (0.1 %) on the glycerol-induced TNF-a

production in cultured Renca cells (2x10°/well).

Each groups were cultured during the 6 or 24 hours after treated with
glycerol (4 mM). And TNF-a released into the culture medium was assay by
ELISA kit. The results are expressed the mean+ SD (n=10) in the triplicate
experiment. Statistically significant value compared with only treated with
glycerol group data by ANOVA test (*p<0.05).
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Fig. 4. The effects of SQ (0.1 %) on the glycerol-induced IL-6

production in cultured Renca cells (2x10°/well).

Each groups were cultured during the 6 or 24 hours after treated with
glycerol (4 mM). And IL-6 released into the culture medium was assay by
ELISA kit. The results are expressed the mean+ SD (n=10) in the triplicate
experiment. Statistically significant value compared with only treated with
glycerol group data by ANOVA test(*p<0.05).
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Fig. 5. The effects of SQ on the glycerol-induced TNF-a production

in mice kidney.

Each groups were Kkilled during the 24, 48 or 72 hours after treated with
glycerol (50 %, 8 me/kg) or SQ (80 mé/kg). And TNF-o was assay by ELISA
kit. Statistically significant value compared with only treated with
glycerol group data by ANOVA test (*p<0.05).
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Fig. 6. The effects of SQ on the glycerol-induced |L-6 production

in mice kidney.

Each groups were Kkilled during the 24, 48 or 72 hours after treated with
glycerol (50 %, 8 mé/kg) or SQ (80 me/kg). And IL-6 was assay by ELISA Kkit.
Statistically significant value compared with only treated with glycerol
group data by ANOVA test (*p<0.05).
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Glycerol, mercury chloride, amino glycoside, uranyl nitrate S& acute
renal failure (ARF)E R &ot=0l Z0l 018 K= 22 & otz AE T &
LH 2t JAH Ble, &2 ==, A2 itE 2A, P-glycogen Jls Mot, &
=350l=22 & 241 9M E JIE dF JIs2 dH sy S0l 2FEAHXCH
(Tekin et a/., 2000, Karam et a/., 1995, Mandal et a/., 1989, Venkatachalam
et al., 1976, Mohammad & Adebayo., 2002, Gal et a/., 2002, Sawaya et a/.,
1997, Zhao et a/., 2000, Zurovsky., 1993)

Acute renal failure (ARF)2l S0l 28t HAPE= XNSHCZ 0IRUHAL U
0 Devinder (2004) S2l 21001 2otH acute renal failure (ARF)S R &ot

Aol glycerolS F&o6t)| 602 &0l Naringin (100, 200, 400 mg/kg)S
@]

10

=N

AAIHRS M =5t It 4= glycerol-2% acute renal failure (ARF)
Z2ADlE SIF JAJUD E£5H, Shulman(1993) 52 EDUH A= glycerol2 =
ot Bt2 &0l anti-TNF-alpha antiserum(200 #£/300 g body weight)S =
AT JIs8 BSote JF UCHD GI|LH. 2 HRMAE glycerol -8 =

AIARUE /n vitroAAE AL (0.1 %) S 6, 24AI2t0H
g2 Ml StALD /n vivodtlidE ARUE (80 me/kg)S 24, 48, 7T2AI2tHE=Z

= [°
ol
v re o

glycerol £ XMelotKd ARFE R &otdl Mol ARAENAML MESHS 202D
?/of LDH (Lactate dehydrogenase)E =
glycerol (4 M) ZA=Z0l Hlch =2 LOH
NESH0l J=s Aoz HELJSL, AR (0.1 %) 2 F&20 dloH LOH
MdAW= 2 X0IE 20K &0t AZE =40 8l Az 2FEL/UCH. LOH
(Lactate dehydrogenase)dl CH&F 21 (Cho., 2000)0i 2lotH ItES0HA2 LOH
(Lactate dehydrogenase) &&Xl= HEE 1 w8 EI=20A 10.71 %, 25 g &It
ZOA 27.21 %, 50 ug EIIZOIA 42.98 %2 IIEE EIs=0l ek 2 2=

HMOo® =OHKls ZEO0IUCH S5l IS8 STOH 25 m 014 U [ S& Faol

0
ol
39
kJ
J
0
[
3|
M
K%
4 v
=2
x
rr

(Lactate dehydrogenase)ES AMA&5HN
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PN

0l0
i
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ot ALk, P BHAR AFELLI(50~500 4g/mL)S 22t WAMIXE(glial
cells)ol &Jt8t =, LOH (Lactate dehydrogenase)ES =&otH =& AZLY
50~100 ug/mL, BHAF AFIZL! 50~200 #g/mLOIA LDH (Lactate dehydrogenase)lt CH
220 Bloh HH 28] A0 (Sung et a/., 2004) £, HAINIZECI RAN264.7

8

]
0>

NIZZ 0l Alkoxy Glycerol (AG) % Batyl, Chimyl(Alkoxy Glycerol2 =QA&ZE) &
HS MIZUHLOHO HOMHYSH =, LOH (Lactate dehydrogenase)S 2 &otH HHYF
oo H=0o=2 xelst FAZO0l Hliol A 2 EHS SMH MIE 2o &
S X0IE Z0IXl 240t MIEZSH0I HO Qle ez 2E YD, SEOIY Y&
7ol UEQ (Candida albicans (3X10°/ mL)S MIZOl X2lgt 22 =& LM

(Lactate dehydrogenase) MAO| Z&ETH MIE S4H0| Ys HOZ2 2E UL
(Kim et a/., 2005). & HAR0UHAM= 20A A28 it 201 FAZ20 HIoH LOH

o
A0 H0 =40l 2E X fFgAeBE=2 AIggelz otEE S2A0/et] Atz

—/

Al

=

0o = A2 E AIZGHULEH.

I

LI CHAAIZEUHAN 2E= DIM=0 st cytotoxic
StCtn 2 0GHACHHibbs et a/., 1987, Stuehr &
of 2+t HAR0AM=E SHaH(FFEZ) U0l HAA
of SA0 HUst gek= O0IXl= JHol CHotd 02 Il fot F2el =2 LHOl

A Nitric Oxide(NO)E =&8 2Dt /n vitro &AM
4 EMS XMelot HANEZ SA0l LMD, /nvivo &0lIME &

XHOIoF 2EE X ARUACHER

$0 H
rr

macrophage 0ll M

rr
o

o

oIn
©
e}
(06]
=
=
N
D
x
\'
>

Z=01  lipopoly-
saccharide (LPS) (1 mg/L) |& 9= Bt2g2 S A2l &, 2JHI(1~100
g/mL)S EOIGt0! BHYSHH Nitric Oxide(NO) MA2sS =2&=sH Z 10, 100 48
/mLE EItoh & Z0IA Nitric Oxide(NO) MAZ0l 2ASHACHD ZNGHACH Yee
et a/., 2000). 1el1), RAW 264.7 MIZOl Alkoxy Glycerol (AG)

Glycerol (AG)Sl =R A0l Batyl, Chimyl EHS MZHHILHM =D

Nitric Oxide(NO) &S HIY 6, 24 Al2t =0 228 2=s Ao =2
Nitric Oxide(NO)= 6, 24 A2+ i = Z& Z0l HioHM= «42tel St J&s
SRt Candida albicans? = HMel =20l HIoH H2l XH0IE LIEFLHAI &0+ Ol
E 220l Nitric Oxide(NO) MAt0le SMIb gl 222 2AEHIJUCHKIm ef

N

-
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Mo

al., 2005). Discorea daemona Roxb. =J| HIE
2 3F2 3 E0ot gEs 242 =8
2 =2 44100 m/ml SZ0M HMZE =
sacchar ide(LPS)Jt &8t RAW 264.7 MIEZZFS| Nitric Oxide(NO) MAHS <A S
Ct) B 06tACHCho! & Koo, 2005). RAW264.7 MIZOl DE2X =84 chitosan
(water-soluble chitosan, WSC, M.W. 300,000 Da, DAC>90 %)= &ItotH (0.1, 1
mg/me) 1 ARMZE Nitric Oxide(NO) &4&01 SIt §XICH  rIFN- gamma<t
POl M0l Xe2lotH water—soluble chitosan(WSC) =S 0l Hlel
OtOl B 24 A2t E2E = Nitric Oxide(NO)M A0l SIt ZIUCH Jeong et al.,
2000). Jelll SaH(x%E)2 HES FZH(SRE)S Raw 264.7 ME=0M =<9
(0.1, 0.3 mg/mL)E2 5, 12, 18, 24Al2t S¢eb 22 XHeldtH  |ipopoly-
sacchar ide(LPS) < Nitric Oxide(NO) &0l &It 210 EIACHByun et al.,
2005). =2 A0 A= glycerol (4 mM), A2l (0.1 %0l 6 AI2ZEMOl= Nitric
Oxide(NO)MAO0l A& T X EH Ul AN 2 X0IE 20IA LU2LE, 24
AZEROlE &4 20 dioh 22 =2 Nitric Oxide(NO) 2440] 2EEIACEH.

TNF-a= |ipopolysaccharide(LPS)L} phorbol-12-myristate-13-acetate(PMA)2]

Z=2(0D)S 200 mg/kg 22
E]

OIEtS ==2(00)% 1 =&
o

o
14
=

= iz
njo
O
m
-
=
B
I
=)
o
©
=4
b

OII

chitosan2 =&

J

At=0 2IoH macrophage S£= monocyteZ2FH =HIE= HEZXECQ! proinflammatory
cytokine2 2 A (Manogue et a/, 1992) MAHE ZAAMIZO| DAL apoptosis S8
Lot antitumor S22 M UMULUL zZ20=s E2 2HS0UHAH TINF-a sl
Held dg0l SHEEEA La=20IL St Ol &l UL
(Lee.,2001). Z2HAM=Z0 B-1,3 glucan &2
=< SItoll dlellotod Nitric Oxide(NO)2H TNF-a 8l X SIHE RLAIR
(Han et a/.,1999), ZXHANA =clst SHHOLHE MF CHA
BHEGHSH TNF, [L-12F IL-12 A0l CHEZOl dioh 20m8/m sS0AM SIHE A
Ct(Bae.,1997). Lactoferrin® 1929 & RAW 264.7 MIE=0l s&==Z (1, 5, 10, 50,
100, 500, 1000 pmg/me)E  HIIGHO! UBHYGHH TNF-a ZS2HIZO0l SItot1,
| ipopolysacchar ide(LPS) Xt=0l 2o 2HIEE TNF-a 2l MAH22 2AAIE &
HE KD UUpCHlLee et al/., 2001). L&t SA(XKZ, Scrophularia
buergeriana Miq)2l HIEtES F=ZH(SRE)S Raw 264.7 MIE=0 =S=E(0.1, 0.3 mg

0x
10

=
[

I;J
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/mL)2 5, 12, 18, 24A12t SoF 22k X2l &t |ipopolysaccharide(LPS) |&
NF-o &0l SItotLt, slah F=MUZ2 TNF-o dEedsS |eotH dAA0l=E &
DEOF UCHByun et a/., 2005). D2l RAW264.7 MIZEOl Alkoxy Glycerol (AG) ¥
&0l Batyl, Chimyl SHS MNIIZHiH0l =t tH
= 24 A2 =0 22 2tEOHH i 6 Al =2
M= d-0 SgEst Holob SIACLE, 24 AMZHM 20l A= batyl, chimyl S
0| Sotote &S 20 & S2H0| TNF-a
g2 =0 BO6HACH. (Kim e a/., 2005). & HIRWNAE /n vitro
2 glycerol (4 mM)2t &= X2Ist 20l Hioh ARe (0.1 %S &M
S2S AN ZAANHRSLE, 24 AIZHHOlE &
OIS 201X L0 A0l SHAIZEH SuIF UBE 2EHE = U
.05). K8, Jjn vivo A&l B2 glycerol (50 %, 8 M/kg)E H= Xclst
HIoH glycerol MXl &, AFel (80mé/kg)2 12 13| HMlsh ZUA 243
Ol 48, 72 AIZERHOI TNF-o MA20l R2IoHH 2 AGHA2LH(p<0.05), AR
(80 m/kg)2 1312t MXIst ZUHAM=E EUE X0IE 2E & = UM A3
1o XIEHOI S0{IF S0IF USS 2EE = UJUCEH.
RAW264.7 MNIZZOIl Alkoxy Glycerol (AG) % Alkoxy G
Batyl, Chimyl EHS MIZUHOHO| FHIMILS =, L6 4SS
2t 20l 220 2EGHH, B 6 AIZEM 20l A
LE, 24 AR ZO0lM= Alkoxy Glycerol (AG),
HA 2F M0l HAZ20 Bloh Sotols &2 20 2
=kl ACHKim et a/., 2005). Egt, S&H(XZE)2 HES
(SRE)S Raw 264.7 HNIZ=0 =<2 (0.1, 0.3 mg/mL)2 5, 12, 18, 24Al2¢
282t Meldt® lipopolysaccharide(LPS) S & IL-6 MA S0l SIHGHAI2,
Zde |L-6 2HI0lE &0t STt 210 StACHByun et a/., 2005). =
A n vitro 882 Z< glycerol (4 mM)2H &= Xel8t 20l Hloh AF
(0.1 %)= &M XMeIst Z0HA 6 AMZMMolsE IL-6 M0 HaI UL, 24
AZEROlE IL-6 MES URUCHp<0.05). E£8t, /n

=2
vivo 8282l AL glycerol (50 %, 8m/kg)ES == Xxclst 20l BIoH glycerol ™
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AEN SHARE0| LMIHXH ARHODL Jls, MY sS4, & &4, 0l2
o &= % 4 JIsol g &=t
NO= mitogenesis <Al = OHAMIE =4, INF-a2t LPS Xt=01 28t
apoptosis &, A& 22N ROPase &= & = HAHC LHEHO 204 8tC
INF-as= SIS ZSPSE SEote ISRZ0IH MOIEIteIe=z
apoptosis, necrosis 2 Jls 20, Old= ZE Al 240l S, AAES

Uy oin

MOIEDLCI Z2HI BIIE S &0t 0IM2B0 s =sFMHES SAaNMES FAXdts
SR YdIIN A2 YU
IL-6= TNF-a 2t IL-12F &H S24J] HeEEts9] SEMEZ A anti-inflammatory

HU
ne
o
P
$0
[
I
D
rr
D
(ww)
£

@t pro—inflammatory cytokine2 T-MIX, cytotoxic

T-MZ 232t NK(natural killer) AIXE JlsS X=c6t1, |L-1ra S84l =24
INF =8 =2 REote 222 A0 UL

AFAAUZ2 S AHES M0 OtF SQet 8412200, AFd= &N
ANm, sWES AH &g, 42EM, 4 Xz, ItEs 54 243, LS,
HRO0MMZE SFOIA 24 St S0l UL

=2 dAFR0UM= M0l glycerolE 0120t ARFE | &8t =, AFRYH HI=
MOIEIICl =5 AL & 28 2 HAW 20ot= N0, TNF-a 2t [L-62] A4
AT AME & S50 2ol L0210 otALEH.

In vitro &89 B2 Renca MIE(2x10°/well)S O0I25t01 MEZS4 XIEQ! LOH,
ASESO X EQ NOE =sHot™ LD, glycerol (4 mM)-R & MOIEIC! & TNF-a,
IL-68 =&GIRUCE. /n vivo AE B MF 0l glycerol (50 %, 8 M/kg)E 25
FAMNGELD, AR2(80 me/kg) MRl & F, glycerol0fl 2ol SEZHE TNF-a,

Al o, invitro2l 82 AFRd Mt C=z= ME=SH0! 2B, NoMd
T 2 IS =KX LULE. glycerol-8= Renca MIEZ0UA TNF-a, IL-62 24
2

AT glycerol ©= XXl 0l Hlol S|26HH 2AAZS 2EE = UUCH
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(P<0.05). /n vivo &1&2l &Z2 glycerol ©= HXl 20 Hoh AZLesS 1Y 1
=2

2| XXlet Z0A 48, 72 AIZERHOI TNF-a, IL-6 &S ZAAZ

HAMRHE SLAZ = A= 22 = ofLe! glycerol Gl
2

Of Axel MXIJF 20 AA &
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