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ABSTRACT

Kidney had recovery functions against toxicants, ischemia, reperfusion induced damage, acute renal fai-
lure (ARF). Urinary epidermal growth factor(EGF) is produced by the juxtaglomerular apparatus. Kidney acc-
umulates or excretes the EGF. In case of renal dizeases, excreted EGF was decreased. The aim of thiz study iz
to evaluate the effects squalene (3Q) on the prevention of experimental acute renal failure induced by glycernl,

In caga of in vitre study, we investigated the expression of EGF by RT PCR. After the proximal tubular
cells was izolated, glycerol (1, 2, 4 mM) or glycerol plug squalens (0.1, 0.05 or 0.1%) waz added. In case of in
vive study, we investigated the changes of BUN, creatine, and ultrastmacture. Experimental groups were divid-
edinte four groups, Group 1 was normal mouse, Group 2 was injected with 3Q only (120 mg/lg). Group 3 was
not treated with squalene after intraperitoneal contamination of glycerol (30%, 8 ml/kg). And Group 4 was
treated with squalene (180 mg/eg) after intraperitoneal contamination of glycerol (50%, 8 ml/leg). All groups
were uged to 7mice.

In the results, we investigatad the glycersl induced renal failure. The expresgion of EGF mRNA was dec-
reased in renal proximal tubules when treated with only glycerol. 8Q increased the mRNA expression of EGF
in renal proximal tubules. 8Q alzo quiclly recovered the levels of BUN and creatine compared with those of
mice treated with only glycerol (P<20.01). In case of ultrastructure, group 3 had heavily damaged mitochon-
dria, but, mitochondria in group 4 had evidences of the recovery,

It wag concluded that 8Q had the recovery effects for the glycerol induced acute renal failure.
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A Ae 2ABA WS, AHF(reperfusion)-F= 4
Aol A D 752 7T A AL FUE
A (acute renal failure, ¢]5} ARFEF &)¢] = =H o7
W AFFA T 75e] FhaeE A, e B o2y F
- W oelAd 73] YA = (Hori et al, 1985), =3k
FErE 7 A 2 ddH &He=m 9
) F & HEA B 225t F4HM = (proximal
|8, PTC=F Jel A nlwdslA s
,lEHCuppagc & Tate, 1967). PTC#| 413 brush—border
membrane microvilli®] WEEHA, =z FA A4 g9
AHE A1% "o, Nat-Kt ATPase 94|, =4 7%
g WA, ATP 917 Fo| o] Fo 2o (Helen et
al, 1970; Toback, 1992).
zH| A 7Fel 7 (epidermal growth factor, ¢85} EGFF
e = 2] kDa A= oW (Jesper et al,
1997), 537 o=l A2 FHE ddibe AR
Eo|d e =) (Grant et al, 2002), EGF A4k 3t
e 77 webdEE A ¢)A| A Brunner's A9l9), uri-
nary BGF&] 4= A e]w, 7 42+ renal juxtag-
lomerular apparatus (A17ZFAFFH A7 72 o] (Peter ot
al., 1984), o]} 7he] Bu|¥ EGFE Henle's w] AF
A ¥4ls Zsblngel e $23 Be(Jesper of
al, 1997), 2172 ¥ o2y ECFg 3% 5=
5’&57—; 2&% F¥ s ¥ ECGFE wiEd
Lo, A9 ASAr 234 4 24N F G 2
nmol A =2 EGF7} wl&% o (Per et al, 1990). A7k
Age] A5 EGF wj o] Zhasled, B3], 233 o
EAE] A vl o] Zhs e A (Arye et al, 1990).
EGFE glucose 28 (Grant et al, 2002), DNAZH =
RNAAA} Z=ef| e 5}37 (Carpenter & Cohen, 1979;
1991), A17AF=AH| 5 (renal tubular cell, |
3 RTC® 32| 42 3F2, post—ischemic ARFe]
A A3 7)) 3)%4] Frelsheh(Toback, 1902).
Squalene (hexamethylistracosahexane, CyH,,, <3}
SO Be FAAARY AT o 2T BT
Fa2A, 25, Aok 419 D, gl 5l ol
GHE BT 0¥ BEAGE, ARG,

tubular cell

Furmnino et al,

d=A, A3 2 AZ o o TR Liv et
al, 1976). 8Q% 674 o|FAFe] Sl Abdel2t
2A ZFFE 5 sdeld F3 A AAFe] gloH
(Kohno et al,, 1995), A~ 24 3 &3 %ﬂﬂﬁi}
A 4, AZAA, ZRE = (Budiarso, 1990)4] =
A7 glon, #4F A= (Kim etal, 1999), 7} =8 =4
212 (Kim & Yoon, 2000), et a= (Yamawaki et al,
1978), A=Wy wbs =242 9 fhalaA g4 =271
slob . B wEled o (Storm etal., 1993)

2 A3 e AR glyesrol® o|-43}] ARFE
F=a £ 8Q A4 e BGF¥d A= A7 =
4 Haa Be) Teuz s

AME R U

1. 3Q Sz EGF w# (in vitro)

1) PTC H=

PTCE o8 wWis Fz= st E¥styd
(Tunro et al,, 1995; Schaaf et al,, 2001), A1 A2 HE5}
o] Kreba-Ringer—Hepes (¢]5}, KRH#} ) buffers
FAA WAE AR 928 F2 xtes
ZA A F2 S 25~30rpm+] 4] teflon—glass homo-
genizer [GlasCol, Terre Haute, IN, USA)2} nylon-
gauze (pore size: 60 um)E AHegste] FaE sk
AAHE T S85t AEE 2~33 A= A5k

2) Glycerolzl 8Q =]

FH|" A4 PTC (2% 10° cell}s| ZFF Glyoerol (1,
2, 4mM)E A7TEE] glycerol =W EGF Z#E 2 =
Asteiet, A4 PTCS 9Q(0.01, 0.0, 0.1%)7F 2+
A7lA ABd glycerol ¥ = & EGF ¥=& 7 &
o] AR glycerol (4mdMy& R7Hshact

3 & RNA M=

£ RNAYX PTCe|A Trizol A ¢e Ag3he] 2
gelshaet s AueAe Ses e A
Al 1mL Trizol A|%k2 @3} Chloroform (200
pL)S F7bstw, & 42 oL 12,000 rpme] A 1582
Rtk RNAZE Fe gl A59E st
1.5mL tubesd| B 1 F2 {sopropancld €31 —20°C
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aﬂzﬂ 082k vh5A]3ieh 2 3, 12,000 rpmel A 15%
Zb webshR 75% ethanolS o] &%} 2~33) A A3t

Aot RNAS #2473, DEPC-DW Abela] xjai=
A)Z1 &, 260 nm UV spectrophotometer (Techne,
Cambridge, UK+ & RNA > =& SAl5t4]

4 AFMMNESEFTLANHES
{Reverse transcription po
5} RT-PCR)

lymerase chain reaction, <]

EGF primers2 o251 7}
forward primer:
§-ATCTGACTTCATGGAGACAG-Y

reverse primer:
§-AACTGGCTCTGTCTGCCGTG-3

P-acting ZFFo= Abgsiyich £ RNA( pg)et
Oligo (dT)a-15 Primer® 42 & 70°Ce|a] S27F 0
oFstedct vl eF & EGF primer® Accu Power® RT/
PCR PreMiz tube (Bioneser, Dagjeon, Korea)sf| &7,
vhs 482 DEPC-DWE o|&3e] 20pL2 BAS]
s, S AHAPRE L 6023F 42°C, RTase ¥ &4 5 vt
2 04°C 587 fEEty A, 4°CH A REsiEc
PCR A& ool gFe] Sdllspec 27 w2 3
Bzb 94°Cef|l A I & 30& 94°CellA] WA, pri-
mer annealing ¥F§ 303 55°C, primer extension Bh4
30x 72°CH 2A 2= 303 ghREslg e, &3 47
Al S22 T2°CHl A pEE e AR 714
= MyGenie32 PCR machine (Bioneer, Daejeon, Korea)
< Atestyel Band ¥=22 1D image analysis soft
ware (Bastman Kodak Co., New York, TSA)S AR5t
of ST

2. glycerol § HE = EE HE abE

1) &8 58

2 A AbaEr AgEEae AeksmEds A4k
FFT gl ICRA AF (A2 25~355)% A3t
geb AAE 23£2°C, S22 451 3%E FRH AS
Aef 4] EBejFprd o2 Azt AFRAF (40x25% 17
cm)el| A ARyl ond, Abw (A d Ao A E)4f F
AHEA AR AlEG S0 (FHE AEFE AR

et

2) Ay 2N

Hal 2 1 oo A | E ARt heart-puncture ¥FA]
27 AF st Blood urea nitrogen ( «] 5} BUN ]2}
3P, creatine 52 AHE3 247 (Vet-Scan, U.SA)
2 Akl SIS

3) AlEbe| FArHO|AS A

NYTL e Ao AT 12 YT, AT 2
2 32 30180 megke) Tt 2 glycerel (50%, 8 ml
Mgt =07 BIF FARE £ AYE 4 glycerol
(50%, & mikg)E ®7F AFF %, 5Q (180 myfkg)E
Bk AAE Fo= ZF £H 24, 48, 72, 964 7PH=E
iyl ow, 7F AL o AF Tope]F AHESlYA

4) MAHO|AY pHE
AFEHL A&stA 1mm’s] =72 FepA 2.5%
glutaraldehyde €28 (pH 7.4, 0.1 M cacodylatestZ4
el A 2417 ATA stk AnA S FY S5
2 Abgslel 3% 4 Eeddh 1% osmium tetraoxide
(00,182 (pH 7.4, 0.1 M cacodylate 2kl 4°C= 2
Azt F nAS £ Fd Aoz 335 A
Hew2] ethanol (S0%)ZHHE ethanol Al 5fef 24
3t propylene oxideEd AHasle] Z&A gt epon
miztureZ YHE<] propylene oxidss} 1:1, 1:22 34]
7 AEA| e n] epon miztureH |4 over night
Z gojsbgct, 2e]w, 37°CH A 124] 38, 457 A 12
27k, 60°Cef| 4 4847 423 s}t eponblockS 1
. WHE S 19 toluidine blueZ Q83 2 F=Ha
A e 7 FAst proximal tubule ¥4 & Astw 4F
Azt T Diatomes ¥2ZA)FE Ultramicrotome (MT -
TOO0) 2 2 60 nm#] 2aHEHS WEEe] uranyl acetats
2} lead citrate 2 o & QA sl FHAAREDA (Hita-
chi, H-7,600, Japan) 2 & 7l&A9k 80 KVele] s H
ahaaet

B) EAET 2

A | %ﬁ]@r?—fl
zaaql SASE ¢
Tlgen, 7k PR
z wEEtg e

& 9‘1}\-12. 7Ho

0.05 ke A
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Table 1. Effacts of glycercl and 8Q on the mRNA expression
of BGF In proximal tubular cell

Groups mean+ 30D
Wormal 09240033
Glycarol {1 mM) 0739+£0.0%92
Glyeeral (2mM) 0A35+£0.046%
Glycerol (4 mM) 0.494 £0.045*

0.470+0.080
067110087+
0.900+0.101+

Glycerol (4 mM) +3Q (0.01%;)
Glycarol (4 mM) +80Q (0.03%)
Glycarol (4 mM) +3CQ (0.1%4)

*P<0.05 as compared with normal, +P <005 as compared with
glyesrol (4 mM)

Beta—actn mep | 8 ——— s—-é

100bp —» o s oo 4= 111 bp (bFGE)

Marker © 1 2 4 Glycerol (mbd)

0.8

0.

0.4

Ratio (bFGF/P —actin)

0z -

0o

Normal — Glyesrol Glyesrol  Glyeerol
(lmd) (2mM)  (4mId)

Fig. 1. Effect of glycerol on the mENA expression of EGF in
the proximal tubular cell. *p< 0.05 as compared with
norral

Table 2. Changes of BUN after the glycerol-induced acute
renal failire

Group 1 Group 4

79+21
BEE25
B0+ 10
83121

Group 2

220+38
2934+232
287+13
2B8B+1.3

Group 3

436133
402437
ITT+28
322418

w27
3234 19%
313+ 1.0%
n0x+12

24h(mg/dL)
48h (mg/dL)
72h (mg/dL)
96 h (mg/dL)

*P<0.01 as compared with Group 3, Group 1. Normal mics, Group
2. Bqualene (180 mg/lg) was mjected only. Group 3. Mo treatmsnt
with squalene after the glycerol (50%, 2 mlleg) -mduced acute
renal failure, Group 4. Squalene (180 mg/leg) was injected after the
glycerol -induced acute renal failure.

Bota-actin eie ommm wms: W i S—

100bp—p - T w8 4= 111 bp (BFGE)
=2 = 0 001 005 01 Squalene(%)
B
a 95; Glyesrol (4mbd)
1.2 -
: *
= 1.0 - :
5 : :
T oos: .
= ; ;
Eoosl
. :
= 04
=] p
& 02
PoRo T N S - W E—

Glyesrol  Glyeerol
(4mb)  (dmb)  (dmb)  (dmb)
+80Q +50Q +50
(0.0196)  (0.05%)  (0.19%)

Fig, 2. Effect of glycerol and 8Q on the m RMA expreszion of
EGF in the prosimal tubular cell, *p<20.05 az compared
with glycerol (4 mMh)

4 =

1. EGF mRNA &#

Aol A BGF mRNA 2=k 0.9244£0.035%9
o} glycerol &5 A e]+-2] A4 EGF mRNA ¥ 7o
e wel zhAsteel Glycerol 1, 2, 4 mMe| A
EGF mRNA L3832 0.739+0.092, 0.655+0.046,
0.494+0.04893ck. Glycerol = & EGF @td2 517
o] FHAAZL 4mMe 308 yEEE Ae]sid
EGF mRNA L3 3o = upet 27158 F3sd
o} Glycerols] SQ 0.01, 0.05,0.1%% H7}5F &, EGF
mRNA 2 2k 0.47040,090, 0.6714£0.097, 0,900+
0.101%F(Table 1, Figs. 1-2).

2. BUN

Glycerol = Ae]Ze A BUN =7 244 7E5F]
AR A D 8QE A AAE #ro 4
A A =BE| g 24, 48,72, 964 H] 8] 43.6+3.3,
402437, 377428, 32241.9¢143c} Glycsroldh 3
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30
A * Oroup 1
R ~ Group 2
[ - % CGroup 3
RN & Group 4
40 i . .
N e
C? .
g -
s ¥
E 30 = E
= - N *
D -
]
20
10
20 48 72 =L

Hours

Fg. 3. Changes of BUN after the glycerol -induced acute renal
failure, *P<Z0.01 as compared with Group 3. Group 1.
Normal mice. Group 2. Squalene (130 mg/lkg) was
injected only. Group 3. Mo treaftn ent with aqualene after
the glycerol {(50%, 8 mllg)-induced acute renal fail-
ure. Group 4. Squalene was injected after the glycerol-
induced acute renal failare.

Table 3. Changes of creatine after the glycerol-induced acate

renal failure
Group 1 Group 2 Group 3 Group 4
24h 03x00 05+£01 09+£02 07x0.1
48h 0300 04+£0.1 08402 05+£01*%
72h 0300 04£00 06£0.1 0500
96h 0400 03£00 05+£00 05x0.1

*P (.01 as compared with Group 3, Group 1. Nomnal mies, Group
2, Bqualens (130 mg/leg) was injected only, Group 3. Mo treatment
with squalene after the glycerol (50%, 8 mllcg) -mduced acuts
renal failurs. Group 4. Squalsne (180 mgflcg) was mjscted after the
glyceral-induced acute renal failure.

7 808 HAE Zo|lA= 24278 = glyeerol @5
Aol & 2helg BelA gsher, 48, 724|704 4
gelat Aolrt FAHGHP<0.01). 24, 48, 72, 964]
Zhslel] 307427, 32.341.9,31341.0,30.0412¢]4
o (Table 2, Fig. 3).

3. Creatine

Glycerol &% # 2] #| 4] creatine 3] 2447
B 7241070 A B 8QE 3 AAE £Rd
A4 A A= 24, 48, 72, 9647 0.9+

1.4 - (roup 1
=0 Oroup 2
= Oroup 3
1.2  Croup 4
g Lo -
= L P
B os C T
E s . .
s 08 o L
b P e e -
0.4 : T e . W
] - [
0z
0.0
20 48 T =]
Heure

Fig. 4. Changes of creatine after the glycerol-induced acute
renal failure, *P<20.01 as compared with Group 3.
Group 1. Mormal mice. Group 2. Squalene {120 mgfle)
was injected only. Group 3. Mo freafment with squalene
after the glycerol (30%, 8 mllg)-induced acute renal
failure. Group 4. Squalene was injected after the gly-
cerol-induced acute renal failure,

02, 08402, 0.640.1, 0.5+ 0009 4dcF. Glycerols 3F
A 8QF AT ZHE 24474 glycerol G5
Al & Aoy RelA] gskedt 482104
o5 =bo|7b TR EHP<0.01). 24, 48, 72, 964 7F
el 07401, 0.540.1, 0.540.0, 0.54£0.12] g3cF
{Table 3, Fig. 4).

4 TRHCIEE B

AAAT A Fd e AgE Y wiEs gt
o ARAS = T A el SR Al
23 Hags 724 W% Bor A 2 A=
A whek Ma, Mb 3 Me®] 35F02 F23e H7ls)
st

2AM17HY - AAF M Z) H)8be (Fig. 5) glyesrol o
AA 22 A4 A=A S &4Fe] Ma, Mb Aefs}
roz ARAY A H9 D At AL
#HA= G} (Fig. 6). Glycerolsh 8QF 37 AA%H
A 52 Mb, Mo ez #2354 (Fig. 7).

48AIZHI ¢ glycerol @ ARFH A5 ARAH
©del Ma, M At 2oz ARAY ot
A9l shgsen, Aoz e Wols) B9

=
=
o
-3
=
=
-
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o} (Fig. ). Glycerol® SQ& T4 A2 F4Hx=
Ma, Mb2| Aefg 2ef A=A o] ¥2Hoz It
HE gl e, glycerol @5 A2l A3 &Abo] At
#) A (Fig. 9).
T2AIZH  glycerol 25 AAZY AS AFHA A
"“”‘LG] Mb"‘”ﬁﬂ HyRe2 AA S FBe] A
= #AFFE 5 J9AE ARA dd e AdHez

ﬂ%ﬂ sict(Fig. 10). Glycerolsh SQ& 37 A=k
Ay HFE Mb, Mo A2 A3 whE 322
FE 4 gl on, ] AA S @advte] 2

= ¢iet (Fig. 11).

QBA|ZHY : glycerol ©5 A AFE AL HRAHL
AFAZE A ZEE Mo AlE 24T Mb A
AA = FE wAe glie] ¥dF A= Y (Fig.
12), &, J 324 A S35 A9s 254
of. Glycerol® 3Q& 37 AAR 2dlAe dA5¥2
Mo e 2 23] AAbe] AFHH 2 3859 1, W
b FEA=A] ehshot(Fig. 13),

tht r#J-:HJ

pd

) &

g A2z G ARF f= A4 =
o, ARFZF F=59 413 ) ATP 527 Zaso
(Anna, 1981} GlycerolZ F o FAbstw B2 FF3
7l ghowd 242178 e ARF7} Zlsl=lct B8, 344
Az 6417 ol e ARF7F fr= 5, AAERE
E(renal blood flow, ¢|3}, REF=F 3)e] Zhaslw, AF
T nitric oxide $77F FFAeted, AlLHL = BL-
ofsk Fdslw RBE7F AAA o2 52 =6 A
o #Z-§-2. FBE R elech 728 % hemoglobin® myo-
globins| 4] He] WEH 4 | hemer] F=r} F
7F8t 2, hemoglobin® myoglobine] hydroxyl gzt
A4S =75 Fenton reagent® 2 FEF o n =
oo, A2 sE 52 Ado] SR Reineck
et al., 1980; Bertrand & Sudhir, 1989; Valdivielso et al.,
2000), =3 o TR o] Zhisla, P-glycoprotein 4
Z]=} BUN, glutamic puruvic transminase 27} Z7}
3t} (Zhao et al., 2000). 4| =5 FAME Fi] EGF
ISpgkg)s 1704 457 Reisi shepas) 3

Glycerol 2

7k Z7betAE stepd Wi ECF y=v 154de ®
27T g3 45l 3n) Zhshet shARE AlAke] A
+ 15, 45 25 et glw, AlAs @ & I EGF
2 AL 4xae ¢F 20~30% A= 7S (Lars et
al., 1998),

Vikas et al. (2003)2 | glycerol (50%, 8 mL/kg)<
=5 FAE & catechin (40 mg/kg)E 77k FAbstH
HA W creatinine, SO0, BUN, glutathions, glutath-
lone reductase 47 2B Zayl wh=d ARG
Barslde 2 A= BUN, creatinine®] $3&
FHAG e, SQF AMAT FelA glycerol &5 A A
2 w3 ebE B2 mats AT gl vite-
min E&] 7§ PTC &4, A x4} F& 3547 eH,
Fof AR, Fof ¥, Tof Al vl 5ao} 4
o2 A vfEbdels B 2= o)A gleh (Leslie etal, 1987,

Ademuyiwa et al,, 1990; Wang et al.,, 1995; Tekin st al.,

2000). & fﬂ@ qHe glycerol®d B7F Fabstm,
glycerol X7 & 308 <4 3QF X];&I%}gjbﬂ]
glycerol &5 Az 2l Al A7} Sl2S HFE 5

A Telm, s e W T 2t g
naringin2 =4 (100, 200, 400 mg/kg) 2. X254,
=l 5&4=2 FE x5l #2o (Devinder st al,
2004), B AR in virro kel 4] A4 PTCs] SQ
$ @S AT A% BGPEE Be JuE 77
skar ont, glycerol® H7bele] EGF HE & 7h4A7L
24 SQE H=E= (001,05,01%) Heid A3
EGF o] y=o e} JRge 42 4 dlaic

glycerol = ARFS] 7% =230 WHalzy A7
oA =g g A=xal & e, & gedE
F BT of A A=Y oASg V1A "
A=A vE g Egas 92 A= 28, A
71Z A4, #eld 99, & AEaal 28 50 1y
Fhct (Anna et al, 1981; Stein et al,, 1978; Telma et al,,
2002; Vikas et al, 2003; Devinder et al,, 2004). Grazyna
et al. (199932 dichlorovinyl-L—-cyateine—Ff= ARF2]
7% BEGF7} £44 PTCY] A4 7% 32 354
Nat-<4 7)3x2] 32, Nat-KT ATP-asc 75 843
#FAx S42 AT rasieh. & A A
= SQE AT FH gyccrol‘ﬂ- o= H AT 24
vlE] A=A Fye] whzA Adde AL 5 3l
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Py
2 ATE A SQ7F glyceroldd] H# f== 4
3 el Al 92 2} AT Aoz Amud

ZALel 2

Sob 2R g

l 3

5

i
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FIGURE LEGENDS

Abbreviations

N: maclens M. mitochondria, Ma: heavy dam aged mitochondria

Wb middle damaged mitochondria, Me: little damaged mitochondria
* Bach scale bar on the figures equals 1 pm.

Fg. 5. An electron micrograph of normal proximal tubules in mouze (> 3,000),

Fg, 6. An electron micrograph of proximal tubules at 24 hours of glyeerol freated mouse (= 8,000,

Fig. 7. An electron micrograph of proximal tubules at 24 hours of glycerol and 5Q simultansons freafed mouse (% 3,000].
Fg. 8. An electron micrograph of proximal tubules at 48 hours of glycerol freated mouse (= 4,000,

Fg 2. An electron micrograph of proximal tubules ab 48 hours of glyesrol and 2Q simultanecns freated mouss (% 4,000,
Fg. 10, An electron micrograph of proximal fabules at 72 hours of glycerol treated mowse (= 5,000,

Fig. 11. An electron micrograph of proximal tubules at 72 hours of glycerol and 3Q simultanecus treated mouss (% 5,000).
Fg, 12, An electron micrograph of proximal fubules at 26 hours of glycerol treated mouse ( x 4,000,

Fig. 13, An electron micrograph of prostimal fubules at 6 hours of glyeerol and 5Q simultansous fre ated monse {5,000},
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