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Protective Mechanism of Salidroside Isolated from Acer termentosum
Max on Cyclosporine-Induced Nephrotoxicity in Rats

Sung Hoon Kim', Hee Juhn Park?, Jongwon Choi*

College of Pharmacy, Kyungsung University, 1:Oriental Medical College, Kyunghee University,
2. Department of Pharmaceutical Engineering, Sangji University

Cyclosporine(CsA) is an immunosupressant drug widely used in post-allogeneic organ transplant to reduce the
activity of the patient’s immune system and so the risk of organ rejection. It has been studied in transplants of skin,
heart, kidney, liver, lung, pancreas, bone marrow and small intestine. Initially isolated from a Norwegian soil sample,
Both kidney and liver dysfunction are prominent side effects of CsA. The present study was designed to determine the
possible protective effect of salidroside(Sal) isolated from the BuOH extract of Acer termentosum Max against oxidative
damage in CsA-treated(50 mg/kg, ip) nephrotoxicity rats. Results showed oral administration of methanol and butanol
extact of Acer termentosum Max(200 mg/kg, po) significantly reduced activities of marker enzymes{BUN, Creatinine)
and LDH activity in serum to CsA induced experimental kidney injured rats. And significantly decrcease of protein
amount level in urine and activities of free radical formation enzyme were significantly improved by the treatment of
Sal. And significantly decrcease of MDA level in kidney and activities of calalase, glutathione peroxidation and SOD
were significantly improved by the treatment of Sal(20 mg/kg, po). But glutathione concentration and glutathione
S-transferase actitity was not affected. Results of this study revealed that Sal could afford a significant protection in

the alleviation of CsA-induced nephrotoxicity injury.
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salidrosidec]l theh QZIAE 2 AAMNZHEAEY, XD BLIE
oix]”, carbohydrate thAloj] tlxl:= @&HY, bone merrow cell
cycleol] Tl G U H 2ol A KA F T LISk Cleks)
ABP7} BIE I JOU AEH0)] tie @ A gl
AFolrt.

NE APIZEAEY FEUE 548 |2 A
ABLIFOIA 228 ARIEEAW|EE FAgogA 019 A&
23 2AEriHe FE0Ir

SES 8% science(t] )T HE B wol & 08l B8
oAl dES ZU(2E @ 2:05T, ST : 46-60%, HY : 12417}
light/dark cycle)22 1F &0 ¥ AFEE JISAY A&
180+10 g9| Sprague-DawleyZ 84 BHE AIE3ICt 4AE

P ERO AE= AXuigln Aekdsln) vhEE qdr oAl
oAl E2|$t EE (methanol, water, chloroform, buthanol, ethyl
acetate: 200 mg/kg, po) & saliroside(Sal. 20 mg/kg, po)& AlE
SIFCE ZF A|BE 2% Tween 800] AE Sl 437} AR B
8199 2m, cyclosporin(CsA, Novartis Rearch East Hanover, NJ,
USA)2 50 mg/kg& olive oilo] Sa151 Ezulo] Mxk 4
TALE BAEIE e X HEEE metallothioneing Z714]
223 bismuth nitrate(Bis-N. WakoA}, 50 u
mole/kg, po}& AFESIACE. TEAIS 8o 24413} Foll AX)511
o dEEES AAE 12417 850 A8 E AA5IT 21 444

A SINCE AT SYUEY 4719 EWE A3
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2. AES A
48 ishdel 4We AXSld Aweld whimi)
creatining A OM, COE FPEA vlH A7 T B
WOERE] PG AHTINTL AFS 09% B2lAlps
AAH BA W Be AASHL HEdi] AZlAEsc He
AR Z TREA usiol ot Qs Bl B BElAleeE A6
gk A AL YoM 302 ola BHIa) EATk} 3000

rpmollA] 10871 |14 2alslol dag do BARA BER
A1Z ZA12 0.1 M sodium phosphate buffer(pH 7.4)

E 71aled el slol Al glass teflon homogenizerE A}Z3l0d 10%
SRACT. 0] vl E homogenate 22O F 3151 O

o
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B g AEEEI5IA cytosol, microsome % mitochondria £

Zdoll, cytosol EES2 xanthine oxidase, aldehyde oxidase,
glutathione reductase & glutathione S-transferase E49] &H
ol AHZE}9 20, microsomal E2ofA13= aniline hydroxylase U
aminopyrine N-demethylase®l &2 Z7, mitochondria 222

catalase & HHO FAHHUCH A&FN

5E Tzl B Lowry 2YS 0]83519 3 mig) &
ol 10% TCA &% 3 ml &1L 2000rpmoilA] 307+ 24 By
gt & AMEZ 3% NaOH 290 =01 &, carbonate-CuSO;
reagent®} Folin phenol reagent® Y}A]AH 750 nmollA] E3L
€ ZF81%rk €% BUNY £FE Urease-indophenolo] 9
3 EAE kitAM 165K, Asan)E A}8sl0 ZHFIGCE 1S
creatinine Jaffe HH5C] HIE & 0183} ki EM NS 185}
Rer EF LDHEM = 24 718l o8 ZAE kitE Al

gl &geeirt

4. M ZA] X EIAISE 2l glutathione BHZF

AEHIHC e ZHE Ohkawa 5] 2ee wgsio
OB ZA 1 g 108139 0.IM sodium phosphate buffer(pH
745 7ol skl o] 10% viziole] EYUS buffers &k 7}
31 34]3} preincubation A]7] . 8.1% sodium dodecyl sulfate
2} 20% acetate buffer(pH 3.5) 2 €HBC] EHOZ 0.8%
thiobarbituric acid& 7}8F & 95T ol 4] 14]7} E0F 212A1AH 4
2014 |zt Zol n-BuOH : pyridine(15:1)S E7lskd 1587}
4l 2oieid AdE 2489 n-BuOH : pyridine £ 5o
g 532 nmofl A T EEEE EH5I B Fola] 1 gh
£ A& ZA 1 g & malondialdehyde nmole® FAISIHC)
Glutathione®] HZ2 Ellman®] 2o Fal A& £3 &
GSHY| gt 582 vhald 100 plol 25% HPO:E 430 4T,
12000 rpmofl4] 10827 L4 EE] g 45N AFEZ it A5 1
ple}  phosphate buffer(l mM EDTA &%, pH 74)%}
OPT(o-phthalaldehyde)E Eo] 1587} E3F & 360 nmolj4] &8
SHACE

5. gARHO 55

Xanthine oxidase &4%] £ & Striper} Della® #pH™,
Aldehyde oxidase 49| £&& Rajagopalan 59 Wi,
Aminopyrine N-demethylase®] 4 ZHE Nash E9] g
OF7F #4319 O, Aniline hydroxylase®] &4 X2 Bidlack
59 "™, Superoxide dismutase(SOD) A0 ZEME

Marklund$} Marklund®] 231®o] #3531 02 M potassium
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phosphate buffer(200 pM cytochrome C, 100 uM EDTA &

pH 8.6) 1.0 miol] F4%% 02 miE 7151 ice bath oAl 2027}
WR|BEIL testol & alkaline dimethyl sulfoxide(DMSO)E 0.5
ml, blankoll= non-alkaline DMSO £ 05 mlg Z+ZF 7180
37°ColA 3087 ¥ISA71E SHE 550 nmojlAd
cytochrome Cl EH5E HESLIL alkaline DMSO-mediated
cytochrome C reductiong 50% AHE= enzyme ZHE 1 unitE
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A5 2ELE TAISIAE Catalase 59 £F2 Aebif]
ghi?oll Z510) 50 mM potassium phsophate buffer(pH 7.0)%
o 718¢! 10 mM H0,9 18 BT & ihal 240 nmollA] &
ZEo HEE 91 BEAEZAS 0041 mM-1 em-1E |88k
EHEE 43I EAEHY U9E 128 1 mg proteind]
& FEABIC

BMEH= hydrogen peroxide®] Qg pmoleE
Glutathione peroxidase Z4J0] &4 & Paglia®l Balentine® %}
o] %3] hydrogen peroxide %! glutathioneo] SHEE 0.1
mM tris buffer(pH 7.2) SolAl HAHE 71510 51at 340 nmol)

N EEEE HE5D B AU Fdlo] FHES LTI

L

Tl §4 849 ¢e 18" 1 mg proteino]| 448} NADP
O12FE nmoleZ FAIGHMTE. Glutathione S-transferase &449]
£ S Habig 59 2i™el £3lcd 0.1 M potassium phosphate
buffer{(pH 6.5)0ll 40 mM reduced glutathione 75 W& 718t & §
40 10 nlg @I 25TofjA] 587} preincubation 9} g 71724
2 A-dinitrochlorobenzene 25 ulE 715K 287} 2FSAZ] & 20%
trichloroacetic acid& 71510 ¥IE SHEAN| 2 /\) 18 A B
Zigld 9o ARAS THA 340 nmolA EREE X6 &
2 4-dinitrochlorobenzene@! mole &4 4 9.6 mM-1 cm-18 9]
28l T8 JEBI%0
6. THRZ Hek U 2 A
CEel g2 Lowry §9 ‘“‘*‘13}0{] &3} bovine

E£07 3kd B B
AN gnxltﬁc_x}i FABKHE T, EAA

o] 8siu.

serum albumin(Sigma, Fr. V)& 2%
AgollA] izl
2914 HEE Duncan’s multiple range test&
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4 #
1. BUN, creatinine ¥ lactate dehydrogenase(LDH)EHoll thgh
&

CsA 2oi 2 2u¥ Aa6 S59 ¢
59 AEE ol geiA e bE creahnmeﬂr M
EE AEEE LDH g4of njXle AU
= gee E’é‘ st 4 &o] Fig. 10]ch E# ol CsA {ﬂ

slzro] 20.2+7.87 mg/dIE Ha 101

WS‘E QI 5) 07}539114 AL

zE, a,omt OlE) 200
S oA
mxﬂﬁﬂ%
om AR
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14.8+4.32 mg/dIE th&R 7o) Bl
BHCE w5t BEE0AM T ARG

=
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= % oEolHEIOIE 229
4 U oL EAE(p<0.05)Q] 72
=kl W% creatinine®] §HEF
dehydrogenase(LDH)S] o)A CsAE AA|S &
wof sl SRSl E7tEd V49 g4 g0l ’87:1%\/}
gtz 82 200 mg/kg Fololx $1X13) AREACE T &

ZOHEQl Bis-N9| 50 umole/kg FoiaolAHE BUN, }:Lg
creatinine 3 ©% LDHY 45T & ATl Hlgld 29¢ &

FAMF I} IFHERICY.
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The effect of Acer termentosum Max on BUN, serum
creatinine and lactate dehydrogenase in CsA-treated rats Rats were

Fig. 1.

orally administered with plant extract200 mg/kg) and sodium thiosulfate(Bis-N. 50
umole/kg) for four weeks and ntraperitoneally injestion of Pyclospome ALCSA, 50
rg/kg) for 3 times of 4 days after supplementation of extract. Values are mean
and standard deviation for 6 experiments. Data followed by different superscript are
significant by Duncan new multiple range test from normal{p<0.05). BUN: Blood
urea nitrogen LDH: Lactate dehyorogenase

HAToIAE 91555 g/kg/dayo]
A 31.2+111 g/kg/day R Hatol 818l £
VCHp<0.05){Fig. 2). AABEUF (viers,
]E‘owlﬁﬂo]E) 200 mg/kgS 457 &
01 S TrollA] 24.24398 g/kg/dayE
}4:0 O*X’ﬂo%—w ,7«35% Egdo
Fe B3on d4AGUST BHEE,
19] BdoljlAl= IR &
Ur Wﬂ&( 05)01 29ME UYL} B
1s-N4 50 nmole/ kg BT CAE B
AR 7 AIFEHIUTE ol &
& EEojAl CsAd &8 B

RFom, CsA
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2lF A1 Cyclosporine 57} APA LIRS A)

L AENO BB ETE BROIIA BES BEox 8y Hs
0 Sale BHHLY o) UEe WaICh

24hr Urine
(g/ka/day)

= Normal #CsA - MeOH 2 H20 #8uOH 2 CHCI3 mEtoAc BBis-N
Fig. 2. The effect of Acer termentosum Max on urine protein amount

in CsA-treated ratfs. values are mean t SDin=6). Data followed by different
superscript are significant by Duncan new multiple range test from normalip((.(5)

3. AZAF A I ghedol rlAlE
T CGAE RASHIAM USHEE Fash ool UAE
T 282 CAY SAlo T3t ol &ZEJXQI AR 4
3l WESH JF0] Fig. 30|t CsA9] FoE &
FY b IISAIZHMDA) 2 2534054 nmole/mg
protein® 2 H47 0.98£0.09 nmole/mg proteino] HIBl OF
1588 FAH(p<0.05) JA E7Ho] HEFUCE AAGUR &
HE 22 200 mg/kg FATOIAE 2122012 nmole/mg
protein@ 2 tHR ol HIgl |8 A AIRgEd daXsha
BE B, 019 HEOZ FHLE Sal 20 mg/kgo] FodollA]
T ATl HislH 74 UA AMEE ASE Bk o
B]WOFE Bis-NO| 50 umole/kg®l 78+ ANAIRISIEE Kol
gyol Ig=Ar

Ma londialdehyde

(nmole/mg protein)

% Normal & CsA - MeOH & BuOH B 3al W Bis-N
Fig. 3. The effect of Acer termentosum Max on renal lipid

peroxidation contents in CsA-treated rats. Values are mean + SD(n=¢
Data foliowed by different superscript are significant by Duncan new mulio:
range test from normal{p{0.05).
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Fig. 3 oﬂﬂ AZRA 59 A& Abslgiero] ¥
A oledgh /XA B9 CAQ B K& IS
= Zol Mﬁgwpl A E AAE = 7]
S22 At I F phase I T4 9] microsomal
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Holl v|A]e gabs #akol 4 A0] Fig. 4 ot} FarE2o) GA
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Tl M A

E BEdgl ZZ19] microsomal enzyme2.FA] 4]
Aol xEMREL 84 oAl G4 gEe

olAl=
aminopyrine N-demethylase(AD)&} aniline hyvdroxylase(AH) §
2 2ol thol &3 23, JaFl Hllod GAZE RAsIE
241 ARG £7F HE Ao AR 239 HAHZE CA
UE FolE Hok OAslE 288 Atk 3

@1 4217} xanthine oxidase(XO)2} aldehyde oxidase(AO)S] &4
T GsAS] BOIE XS] &7 H € Ao] Hiwol CGAE T
BHEEA Fikwol 38 §A8] E71EE cytosold] Favt
microsomal §4ASF SABIA AP ELIE B3 BELE 1l G510)

AATIE FAaEACT

, cytosolA] E4
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Fig. 4. The effect of Acer termentosum Max on kidney phase |
enzyme activities in cyclosporin-A(CsA) terated rats. values are mean
= S0in=58 Data fofiowed oy dfferant superscript are significart by Duncar new
witple range test rom normai(nd0.08). AH(aniine hydroxylase): p-aminophenol
Vle/mg orotein/ma AD{amincoyrine N- demethy\ase): formeldenyde nmole/mg
proein/mn XObanthine oxdase)- urc asd rmrole/mg protein/min AQ{aldehyde
oxidase): 2-pyridone nmoie/mg orotein/min

T

4 88 420 HSAC BiFE @
BuFsh AAE U 28 9 Sl S0l Solghiy @
29 dl=EAIQl superoxide dismutase(SOD), catalase o
glutathione peroxidase(GSH-Px)Q} &, A EZIE 2] glutathione
=5 9 glutathione S-transferase EHdoll 11X @eke BESH
A0} Table 1, 20|10} H4Holl CSAE BAsIEE wlol Bkt
off H1gled BMUAE HO2 H4§V\Wl—‘i FA401 SODS] BN
7t HOEUA B en AR BENE ,\1 SalE Fol5}
HEA CsAg s BB ZAmE SODJ o] 7=k
HOrE HOE HERIH EH4LE MR A7 catalase,
glutathione& 7|ZE 3l catalase?} 22 7158 $35l=
GSH-Px GA] Hilrtoll CAE Bo5lEEA] Edktol Hid] 314
3] 2= catalase B GSH-PxQ| g430] SODQ) &A1 26t
A APA BRG] Bo2A] E71E= HEe BY¥ch o3 "
ol CGAE Roigt Folie MEAEY gluathione® 5% %
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glutathione S-transferase®] &h4o] @A AMFHALLY 4HAE
U HERZ 25al0] HATIA L CsAY] Fotigt M &
WSIA = ZoIAT

Table 1. Influence of Acer termentosum Max on kidney free radical
scavenging enzyme system in cyclosporin-A(CsA) terated rats

Treatment Dose S0D CAT GSH-Px
Normal 3942474 64.7£3.26° 160.4+856°
CsA 50 ma/kg 207+2.16d 425201 115.1¢753°
MeOH 200 mg/kg  24.4+198° 506282 120,82542°
BUOE 200 mg/kg 285+2.41% 55.7£3.11% 1376651°
Sal 20 mg/kg 3064343 589+18%° 14124327°
Bis-N 50 umole/kg 218+208° 439+291° 12034917

Values are mean + SO(n=6)Ca'a ‘clowed by different superscript are significant by
Duncan 1ew multiple range cest from rormalip<00%). SOD(super oxde dismutase):
U/mg proter/min. 4 ant reducion of cytoctrome C by 50% ina coupled system
CATicatalaser:  ryarogen  peroxde  ~mole/mg  protem/mir. GSH-Pxiglutathione
peroxidase): oxdized NACPH 1moe/mg proteln/min

Table 2. The effect of Acer termentosum Max on renal glutathione
content and glutathione S-transferase activity in cyclosporin-A(CsA)
terated rats

Trearmen: Dose GSH GST
Norma' 240.1£8.06° 209+745°
CsA 56 mg/kg 60.5+5216° 996+8.80°
MeOH 200 mg/kg 80.926.25 93047.05°
3uCH 200 rg/kg 8120729 896+8.12°
Sa 20 mg/kg 73848257 9374936
3is-\ 50 umole/kg 2013£129° 118.5+6.50°

Values ae mea1 * SJin=cCata followed oy different superscrot are significant oy
Duncan new mutpie raige test fom normaip(C.08). GSH(glutathione concentration): u
moie/g of tissue GSTigLiatring S-transferasel: CCNB 1mole/mg orotein/min
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o BHIZ EH24 AaEe) gl MAIEI Y2m™™ QI
AN A ekl ke M AAES o] ZHAE Tl
222 LEhE A0E dEA ot & Askolides A2y 2
FHO M LERAATY L2 EToliE A AlSHg 24}
Z BEAY SHAIY F ARl FEE AP, G40 &
HolE garenzn iz £418 8%, £ apopytosisE
frsls S Tt 2182 sh= ASR YA Utk
AAELIRAA B4 HE9] Aag EHOE CA FHE
e JEs gFolA €859 hada ¥

% creatinine 3 TRHEZEIY] EHE AHE
HEr2, EERELE, oHOEI0IE)E FoislTA HaelA
Z3 BUN % LDHY &1 559 creatinine & THAZE 9]
o] Aol Hislal Rt 458 Bol Asdo] RUEs
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=T =
% QUKUCY. WER, CsA FEl Hol AABUT 228l 47
ATEOIBHIA CA THIY M ENE PES b} B Ret
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23] 200 mg/kg Fol ol A= AR HISled BUNS| g
oF 40%HE FfAXOZ AHFHRSH LDHe= oF 30%,
creatinine®] =T = OF 0% E T AAEACE 31 24417 7EN
A9 TiE s E o 0%EE GAEE ZEE Bk il
o2 S AMRE) bismuth nitrate(50 pmole/kg)Ql BT T
AE E9] W, JALE Blddks G40l CA Bo iR Zol
Il {8t A28 Fat QIFEUCE

Zeioll A& BB EQ8 AANE BUE I e, ME
ol Al T o) TR ERo] g7E0] Yo MEY Fa &
o 71419l

et s
37t T\EH%.‘ZEW AlEdeg FUsHA
oA T AEEE CsAY RHEA 4
AEHol Erisle Ag JF6IEeH, AAGUR REs &
Salol AAEIZ S71EE MDAY =57t {9 OAH AL
Th 0l218t AFABURY BAEZA AEE] AFIHIE g

jas)

glutathion, SOD$} glutathion peroxidase systemo] &
S 28 uj oxygen free radicalo] A4 % o] A& it
Hohe Zolp™. 2 4
KA MDAZ} 71611
HENS 7]

OH 71AG A7E BHOE B0 AY W =7 ol ol
Blod ZT7EI9T}. Free radical™2 A& WS4 QQlof 9J8h 7
AR 222 AAHlA 5218, sl wet 3 Hd dAzkE
2 Suisl= 20 2AF e MEistd ddoit 289 &3

HITE LEE AEEA Jdzae 20 g axiilg #5t of
Uigh JeEol MEZEH S Rl AE 7158 AsHI7IH Al
E AR} L3lddde] Halske olol W olgf 7HX] A2k ¥
2184 fukdhs 2Zolt) E44kbol 98t ME=4E AW
A= 7179 Zo] Yol BE3 HE RU0E UBA Ust,
oubE o 7HA] FE7IHE ZHHZEY smooth endoplasmic
reticulumoll ExHEHE thA} GA7el Y8l sl s e BEEH3)
Hol AQE EDE 4, 89 8 7R A7) 1 2
BHAAE ZE6le MR vl AlT]E 28 RISRE Us ¢

ACFY. 1 & 14} 9120l BoidH= cytochrome P-4502 mixed
function oxidaseZA] ¢¥20] AegHeE el & £ x & o wiek
A2 ThE spectrumE LIERAEH, aminopyrineg 71&E 3l
formaldehydeE A= Typel I} anilineg 7I1ZE 3l
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B ollA] Cyclosporine S5 71 AAGL S 4

p-aminophenolE A43H= TypelE BESII om oj=
microsomal#| Q] 44k4 WA BaislL Ui, Aol Eod
E|oIZ] O W EAEA] thAITFES 14} HI2T) 22} viS o
Uz & Adom, AAIRIS g2k 717t ofwdsl 7)1 ol gls)
o Uvehtbes 718 2EE BX 08 14} 480 microsomal §4
¢l aminopyrine N-demethylase & anilline hydroxylase®] & 4
AE &5l 2 23 ol vislkd CsAS AP §@X3)
&7t JeZo] AABUR 229 AR E AdHHAC)
cytosolo A1 Lolube= di %@J xanthine oxidase % aldehyde
oxidase®] 4T FHa o] C FASIHE W) §XE] B
H g4o] AABUT -“1"—'9—.4 -roii wadhs FEe E?ﬁ%
Sli= ) ﬁﬂi EOF FaF ol CsAQl Bojo] 9Jgle] 41%4 0]

=2 MAS B3z HELZ 4l 0]9] AEOl Salo) cytosolﬁ]
2 mlcrosomal E_\J%H gYe REGEEA 840409 4y
g dAckE ALE YA-oizict
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