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Effects of Iksujisundan on Renal Function, Peroxynitrite Scavenging
Activity and Polyol Pathway in Streptozotocin-induced Diabetic Rats

Chang—mih Jeon, Ji-cheon Jeong
Dept. of Internal Medicing, College of Korean Medicine, Dongguk University

Objectives : Diabetes is a disease in which the body does not produce or properly use insulin. Etiological studies
of diabetes and its complications showed that oxidative stress might play a major role. Therefore, many efforts have
been tried to regulate free oxygen radicals for treating diabetes and its complications. Iksujisundan has been known
to be effective for the treatment of diabetes. The present study was carried out to investigate the effect of Jksujisundan
on renal function, peroxynitrite(ONOO-) scavenging activity and polyol pathway in streptozotocin-induced diabetic rats.

Methods : The crushed lksyjisundan was extracted 3 times, each time with 3 volumes of methyl alcohol at 60°C
for 24 h. The extract was filtered and evaporated under a reduced pressure using a rotary evaporator to yield 87.8
g. Tksujisundan extract was orally administered at 100 mg per 1 kg of body weight for 20 days to the diabetic rats
induced by streptozotocin(60 mg/kg). The effects of Jkswjisundan extract on the streptozotocin-induced diabetic rats
were observed by measuring the serum level of glucose, insulin, lipid components, creatinine and BUN, and also the
kidney levels of superoxide anion radical( - O2-), nitric oxide(NO) and ONOO-, and also the enzyme activities
involved in the polyol pathway.

Results : The effects of Tksujisundan on the streptozotocin-induced diabetic rats with regards to body weight, blood
glucose and insulin levels, creatinine and BUN levels, total cholesterol and triglyceride levels, and HDL-cholesterol
levels were all shown to be good enough to prevent and cure the diabetes and its complications. Tksujisundan inhibited
the generation of - O2-, NO and ONOO- in the kidney of streptozotocin-induced diabetic rats. Renal aldose reductase
and sorbitol dehydrogenase activities were increased in the streptozotocin-induced diabetic rats, whereas the ones in
the Jksujisundan-administered group among the streptozotocin-induced diabetic rats were reversed toward natural
activities.

Conclusions : Iksujisundan might inhibit the development of diabetes and its complications by scavenging reactive
oxygen and nitrogen species, thereby by reducing oxidative stresses and also by regulating the activities of polyol
pathway enzymes, all of which could help to recover kidney function.

Key Words: Iksujisundan, diabetes, streptozotocin, renal function, peroxynitrite, polyol pathway
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o QIA}E oxidative stress7t g*Y, oxygen
free radicalel] oJ3jA Uehte whgolt®. ¥
o] vk o 2 2|&E™ oxygen free radical®]
Aol Z71E e, o]E whgAdo] Asta I
Aol Ago] Hoju AFUWHA I &3S F
2 i guge] SAEHE 5 2Holv A=
of XA AES & 5 AT, E=F A9 AR
A AR GHEANN nEETe] 23l inducible
nitric oxide synthase(iNOS) 74 o] 2]&} nitric oxide
(NO)9} #Ae] ofmiAl 7 EaHAUs
0, WAl e HFo s YAH NOE F
Wz o] nitrosative stressZ o] A Eof X3
ol £48 =}’ E3 NO9} superoxide anion
radical( - 02-)7} Hk-3-3lod A== peroxynitrite
(ONOO-)E A4, v, DNAd] Abshd whg-&
doA AE 9 27 A3y &35 FEst
Aoz YA A

o]# 3} oxidative stress FAS 3= 7}EEA]
7= v AAA 3 Al I o2 polyol path-
way7} Qledl, ikl 3 glo] RE%E ol &
3= A2 2A] aldose reductase?} sorbitol dehy-
drogenased] 9J) whgo] o] Folzlnh. of Fgol
oa] X o] fructoser} Ao ZHE FHE

Table 1. Composition and contents of /ksujisundan

o] Mgk,

FEBEA A TR HRY HFd &3te
), [REEHS R aNESte A 718 KN
2 3 R A bR IR 5 tRike] 8
39wl el HAY PSS,
THE, s, SR, EE, K R K] 5o 18R
gio] WAsted Fe v WS AL
SioH?. AgaTo) ofetd g, g Sol
aldose reductase®} sorbitol dehydrogenase &4 &
AAANIE AR HusH)

BEIITS FRROED ) WL RS
Mol RS EEIA )} £5E AMWeR
A AR, T 59 8% S R vt
2020 413, Kok, L, ARE o2 TAE
JEdl, WERMAR #HhrEsles ZFEAY
RS SE T RRREE B i E
A9 SR A B mAFRE FEAE 59
Agd Fedzm AP meEb EFEsedlel
HECE %2 w3t A 879 37 =drlel
o] WAshe B 1 3 FY dAdE F
28 Aoz 7|k

olo] AA= ZmEMilifte] oxidative stress 2
polyol pathway<} #ste] Fixa 1 I 5o
3 oA &35 JeheAE JESIA stre-
ptozotocin©. 2 FW & FE3 HAF A A7|E
3 @A mAE 9FS B - 02,
NO % ONOO-9] A4l u|z]= F3} polyol

it

ir

& ARl fol@ ANE AY/e] BaHh

IR Aok =%
HH Chrysanthemi Flos 125 g
Kgte T Lycii Fructus 125 g
(R Herpestridis Radix 125 g
PITEE Boshniakiae herba 125 ¢

Total Amount 500 g
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wapbiizte] T4 e AF (EaPesAL
0T, BN Fdsn Al Ao
W, 1 $FE gt gk

2) =
AZF 250¢g el 7178 Sprague- Dawleyﬁ]
7 ratE 797F AFSA A HALA7 T A}

ST A SEE 22T WY, X 50%
2 )8} light-dark cycleo] 12A]17F ¢hoja %
A & F, ratg 1 AR £S5 AT glo]
THEIAT

3) AleF

Streptozotocin, Dulbecco's Modifide Eagle Medi-
um(DMEM), fetal bovine serum(FBS), streptomycin-
penicillin £¢] A Zujokg A|2kE-& Gibco BRL
(Grand Island, USA), sodium dodesyl sulfate(SDS),
acrylamide= Bio-Rad(Hercules, USA), NP-40,
CAPS, protease inhibitors, bovine serum albumine
2 Sigma chemical Co.(ST. Louis, MO, USA),
dihydrorhodamine 123 (DHR 123)3} 2°,7’-dichloro
dihydrofluorescein diacetate (DCFDA)-2 Molecular
Probes(Eugene, OR, USA), ONOO-, carboxy-
PTIO sodium salt= Calbiochem(A Brand of EMD
Biosciences, Inc., USA), 4,5-diaminofluorescein
(DAF-2)= Dai ichi Pure Chemical Co.(Tokyo,
Japan), sodium chloride, hydrogen peroxide, ethanol,
methanol X 71E} Ao} Al o)X EFES 79

shel Abg3siT,

2. 4

1) 74 )] _0,] }_;{ﬂ
EaAtflif 500ge AA st 3w F
95% methanol- 2 718l 60TAA FEOZ 244

ELflIFTo) Streptozotocin® 2 HHE Pixd #F9] A7)

440 8444 2 Polyol Pathwayd] U)X 4% (239)

7H 33) e FEde] 22 A%tk o] F
Z9g HA2od YA 1 AR o7t o
oA A AEH7E ANl AZRAA F
25 87.8 238 17.56 %)S Ao} Aol A3}
Ak

A =R HAE, streptozotocin 2. B

.
FE 2T, B FE F At

=1 )

53 A dde 5 4 2% 7 3719
To. 2 VJrh 223 AEE2 citrate buffer
(pH 4.5) o] =9I streptozotocin £ 60 mgkegS
13] B7) $A8ln 39 E45-E glucose stripo.2
Ty AL Eelsion, dard SRF A
AT ST 3555 100 mgkgS 204 37H
AT Fosiatt. RE A8F5E2 AAAE AF
A 1693 B¢ BW Fu BHAA,

3) A Alzel Az

HYFEE etherZ vIHAZ] Th B35 HFA
< et R RSt A e e, ¥
e AoA 17 Bk B3 vhg "AH L
H2]5lo] glucose, insulin, cholesterol, trigryceride,
creatinin, BUN 27 4902 Al&3tgic) Al
A 220 SAHA ¥EE A8 HE A
gl AdaE BARAA 9E F89 AAT F,
s AHstd Yl Ad+R & Hlojula Wh-
atman IR 2 HAFE AAT F 70T F

HES] ARSI g4 245 £33 & 4
3 A ZZ 9] ARl 4u) &=k 0.1 M pot-
assium phosphate buffer(pH 7.5)5 7}l ™
3lo| A homogenizer2 487+ 4 3latch 0] iy
AN 600 x goflA] 1087+ L %e) 53, 8,000
x gol| Al oAl 207 AP EE st AAEQA mi-
tochondriaZ-2- 2|3}l o o] & A A3 A
Z3}o] - 02-, NO T ONOO- 7] &4,
reductase % sorbitol dehydrogenase &4 =3
A ABE AMSSIGTE A7 BE 2
g el fle & 04T At
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4) Glucose T =4

A3 glucose r}o% Thomason £2] HhH
of wet ZA|E AloF kit(A-&, ofikAl ok, EH??}‘?J
E AHEst SAeith 84 0.02 o] &4
Al 3.0mE 91 2 4oj& & 37ToA 583
WAjste] AlFEAAE 2R 3 500 nme A

2

&2
~

FREE 53Ut glucose F2 BE AT =
AdollA 2esiden 84 dig mgl 2 JepiiTh

5) Insulin & =%

B A% insulin 3}k ]CLF kit(SHIBAYAGI, Co.,
Ltd.)E A3l A 3ttt 96 well plateES wa-
shing buffer2 #1331 biotin conjugated anti
insulin®} 3§ o] A2ol|A 2471 Ft HhEA]
71 %, washing bufferZ {0153 HRP conjugated
ol 3027 WgAZTh
t}A] washing buffer2 M]O1‘|"_L_ substrate chro-

Y3 3087E vk2A]7] & reaction

Retglon

streptavidin solution-&

mogen regentE
stopperZ 2 1 450nmol| A —S% = %—
4 me pg22 Yehldtt

6) 835 creatinine HF

&A% creatinine 3L Jafferd o] wlal 24
9 kits Agaslch 84 0.5 el FHAY 4.0
nE go] & AolFE & ALdA] 2087 vkt

T 3000 pmol A 10527F QA1Re] stk A
B 30mio] 04N NaOH 1 mdE Y1 2087 4
2ol WA F g 520nmolA AlERAE
22 S3E
AE FAAA et A e
At

7) €3 % BUN ?:}‘j*

Y43 BUN &2 Urease-indophenold >
utel 244 kitgs A}%—areau}. 3 0.02mioll &
AN 2.0 mE ¥ol & HojE F 37 CAAA 5%
ZF ) Ela AAA N 2.0 e Yol thA] 37T
A 1087 A F 570nmolA AlekEuae

il

Nm

&3, creatinine Fe EFE

ng2. & ER)

P

TAA AEdle] 8 Al mgo
8) ¥ A5 total cholesterol ‘é}"*
g% total cholesterol THF-E FAWP o) u}

2} A9 kits AMESINTE 93 0.02 o) B4

Ad 3.0mE Yol & Ao]F & 37CA 5587

gtod 3 500 nmojl A AlFEAAE fza

P =3 o]-_T_r total cholesterol #& X 7

FANM dEstA e A did mgo 2 et

L

Atk
9) A= triglyceride 3
B2 triglyceride 332 g42W™q) ule} =
AE kits AFR-stch ¥4 0.02 mo] &5 AN
30mE ¥a & AojE = 37CoA 1083 W
Agte] A|FEBAE 22 3 550 nmof| A F
B2 233 om, triglyceride e TF A
FAA et o 4 A mgeE Ve
At

10)- @43 HDL cholesterol &gk

Y22 HDL cholesterol 3t2ke g AM»o| u}
& ZAE kitE ARSI €A 0.02 mio] #2)
Al 0.02 meE B3 & Aol F ALA 102
b 5]’3’— 3000 rppmol| A 10237+ A4 &=] 315

2 YeRiith

2

%

=

L ol oo

7c<>ﬂzﬂ 587} i]%}o:] 5+ 500 nmol)
A AEYaE URE FRES 345, HDL

cholesterol Z&- X3 7 ZA A A3} 0
M 84 W mgeZ Ytk

11) -02-, NO 2 ONOO- ] &4 =3

3z A&l postmitochondria £-2-2 96 weu
microplateo] &3t & DCFDAE A8l &%
BEA ](047].4ﬂ 490 nm/ &7 520nm)2
ZAsel SR AASE S
DAF-2& Agste] of719}3 485 nm / W&
530 nmo A NO A 7%<", DHR 123& 3]
1 2 o]7]9¢ 485 nm/ & T 535 nmoiA]
3& 233l ONOO- AASLY Hrlalgdch
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) =0 5
12) Aldose reductase &4 15) BA A o
Aldose reductase E43-2 Yamaoka -] 13" A9 Aol B2 7k 48T 3] FAA e
BT o ol A A7
o okt WG] QAL 0.1M sodium pho-  EE AR EASD A ALT he el A7
2 student's t-testE o|&3te] FA A3t

sphate buffer(pH 7.4) £ 2mM NADPH<}
200mM DL-glyceraldehyde ¥ &4YS H718}
o] 25CelN 5EZ WgAl7)E E<te] DL- g A

glyceraldehyde & #A)7]&=0] 4¥]¥ NADHS|

&aro 340 nmo| A A3l 1 BHES Aer 1. EE glucose, A&l A HSol| 0lxl= Y

Stk &40 BFAEE 129 1 nge] @] 4t 32 glucose IFFS AATo) H]3}o] streptozo-
3}A)171 NADHE] & nmole® VERNR] T tocing F sl GRS FEAIZ] tlZTel 300
13) Sorbitol dehydrogenase &4 mg/deE dAl A S7HEA LM, streptozotocin

== T

Sorbitol dehydrogenase 2+4]-2 Hollmann -9 S Fdstn AFbIAFEES T HAET
w316 2ate] AAH 9] 0.1 M triethanolamine A€ HiZTel vla FoA AA AU
buffer(pH 7.6) £2<]] 7]l 105 mM D-fructose, dZ A& FEE P Hlsl EH7~—7L01]
02mM NADH % #49< #Azlala 25CoA A a8 A Zasglo, ddodA e
S5EE W-A7|E B D-fructoseE FUAT) 3 A F7HE A
| &H]" NADH®| 32 340 nm°ﬂ/\1 =23} AEe HaTo] v)ske Uz A5
o 7 FHE AFEAL gie Bz 152y AaHAoW AFTAME dzTd HEe &
1nge] Tl o] ALztA]7] NADHO) %S nmolez. 4 Ml S71=At(Table 2).
bl ok

14) @A A&

gl o] HEe Lowry 5o WHEPe AL8)

of oAt

2. MIIs0l| O|xl= E8
3 2 creatinine¥} BUN 5= Az |
slo] gizTAA A A ZvtEgeu A¥E

Table 2. Effects of the /ksujisundan(ISSD) extracts on the body weight, activity of serum glucose and insulin in
streptozotocin-treated rat.

Normal STZ STZ+ISSD
Glucose (ng/df) 105.51 + 12.12 356.78 + 27.66° 265.36 + 19.68%"
Insulin (pg/mt) 408.25 + 32.16 287.56 + 29.87" 345.62 + 38.79""
Body weight (g) 364 + 15 213 + 2477 267 + 1797

Rats were injected streptozotocin (60 mg/kg) and administrated Tksujisundan (100 mg/ke) for 20 days. Results are meantS.D. (n=7).
a) Significantly different from the normal. b) Significantly different from the control. (** : p < 0.01, * : p < 0.05)

Table 3. Effects of the /ksujisundan (ISSD) extracts on the activity of serum creatinine and BUN in streptozotocin—
treated rat.

Normal STZ STZHSSD
Creatinine (mg/df) 0.82 + 0.06 2.63 + 0247 1.38 + 0.11""
BUN (mg/df) 1332 + 0.93 56.34 £ 620”7 3333 + 3.00”"

Rats were injected streptozotocin (60 mg’kg) and administrated Jksujisundan (100 mg/kg) for 20 days. Results are meantS.D. (n=7).
a) Significantly different from the normal. b) Significantly different from the control. (** : p < 0.01, * : p < 0.05)
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Fig. 1. Effect of lksujisundan (ISSD) on streptozotocin-induced reactive oxygen species generation in rat kidney.
Rats were injected streptozotocin (B0 mg/kg) and administrated /kstjisundan (100 mefke) for 20 days. The
generation of reactive species was measured by DCFH-DA fluorescence probe. Results are mean+S.D. (n=7).
a) Significantly different from the normal.b) Significantly different from the control. (++: p<0.01, * : p<0.05)
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Fig. 2. Effect of lksujisundan (ISSD) on streptozotocin-induced NO generation in rat kidney. Rats were injected
streptozotocin (60 mg/kg) and administrated /ksuisundan (100 mg/ke) for 20 days. The generation of NO was
measured by DAF-2 fluorescence probe. Results are meanS.D. (n=7). a) Significantly different from the
normal. b) Significantly different from the control. (+: p<0.01, * : p<0.05)

e oA A A= TiTable 3). 8% % HDL-cholesterol 3}aFe 4ol H]3}
o tizTollA foah FaEd e AddTelM e
3. g& x|=of| O|xle HEt 2ol vlete frostAl Z71E ick(Table 4).

33 = total cholesterol 2 triglyceride 32

. — AHAd x|= Sk
Pzl viael iz folab ey 4O S ORI B2

o A FAE 2T vlstke foA 3iA AT - 02- WAL 30.15£0.90%% o} o
2 8hE] 9 o). ZFAE 42.1622.77%2 o5 Z71E90

Table 4. Effects of the /ksujisundan (ISSD) extracts on the activity of serum triglyceride, total cholesterol and HDL
cholesterol in streptozotocin—treated rat.

Normal STZ STZ+ISSD

Total cholesterol (mg/de) 147.59 + 11.26 198.68 + 21.03” 172.39 + 15.98"
Triglyceride (ng/dt) 60.49 + 5.12 118.59 + 879" 82.47 £ 9227
HDL cholesterol (mg/d() 39.89 + 2.88 2235 = 3.1577 33.96 + 3.517"

Rats were injected streptozotocin (60 mg/'kg) and administrated Zksujisundan (100 mg/kg) for 20 days. Results are meantS.D. (n=7).
a) Significantly different from the normal. b) Significantly different from the control. (** : p < 0.01, * : p < 0.05)
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Fig. 3. Effect of lksujisundan (ISSD) on streptozotocin-induced ONOQO- generation in rat kidney. Rats were
injected streptozotocin (60 mg/ke) and administrated fksujisundan (100 mg/ke) for 20 days. The generation of
ONOO- was measured by DHR123 fluorescence probe. Results are meanS.D. (n=7). a) Significantly
different from the normal. b} Significantly different from the control. (+:p<0.01)
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Fig. 4. Effect of /ksujisundan (ISSD) on streptozotocin-induced aldose reductase level in rat kidney. Rats were
injected streptozotocin (60 mg/ke) and administrated /ksujisundan (100 mg/kg) for 20 days. Results are mean
*S.D. (n=7). a) Significantly different from the normal. b) Significantly different from the control.
(=1 p<0.01, »: p<0.05)
o, AAME 35.69:2.12%2 tZTo] v} 7. Aldose reductase Mo OjX|= E&F
o o8 A Xi SHE| 2 THFig. 1). Aol aldose reductase AL 3.90+0.12
nmoles/mg protein©] ] 21} EHZ:ELOHH—‘E 5.09+
0.25 nmoles/mg protein® & 5-9]3}A| Z7}%]3) o,
A A M= 242} 4.57+0.18 nmoles/mg protein ©.
& izl Hlat 9 SlA A skE AThFig. 4).

rlo

5. NO Hddoll 0jx= Fet
AT NO AL 14.38+0.69%A 21} )z
To| M= 21.65£0.97% 2. 2 Fol5A Z7E e
, AR A= 18.2240.68%% T)ZZ] H]3}
o foA AdA AstETHFig. 2). 8. Sorbitol dehydrogenase &0l 0|X|= H&f
A9l Sorbitol dehydrogenase A& 38.21
+1.15 nmoles/mg protein®] ¢l o} hZ Tl &=
/3ol ONOO- 442 13.27:0.40%% o1} 50.09+2.50 nmoles/mg protein© 2 -2 51A F7}
HETANE 24324121%2 A3 S/ goron), 4gzoNE 22t 40.1221.38 nmoles/
o, APPAME 18.79:0.88%2 NET ¥ 1o proein 0.2 tlzzd] Blskel 294 A A

ot A A A ekE A THFig. 3). &%) tHFig. 5).

A

6. ONOO— g0l 0]xl= &t
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Fig. 5. Effect of Iksujisundan (ISSD) on streptozotocin-induced sorbitol dehydrogenase level in rat kidney. Rats
were injected streptozotocin (60 me/kg) and administrated /ksujisunaian (100 me/ke) for 20 days. Results are mean
+S.D. (n=7). &) Significantly different from the normal. b) Significantly different from the control. (+: p<0.01)
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AT 9] 191 : £ZEMlfTo] Streptozotocin 0.8 FtE Y 37

& 7D A R FE MIEe] R
ol B 7 S =yl A 24
stE g ZAEHiflfTS =3} dAlE B8l ¥k
He) 3% %12%101]5 AHE vehrd Aoz 7
2 NEsgh

2 A2] B-cellE FHFA)A insulin
ol g% %’_—Hl 710 dAH L o] FeHE
streptozotocing: FYdte] P S F=3 F
A T BT FHE QA X = &5
filifrel A5 AESAT

Streptozotocin F=9)el] 9J&] ¥Z glucose T
of AASA FHENY HZFHBITEFEEY
FA 2 fo3lA Astsle 2o eyt o2
Hol ZFfAFEEde Ty Hds 9
AA7NE Bl E8o] TRE UE e
o AZh Eg d3 insulin ko] streptozotocin
F9holl oa) AASHA FAaRHASY RIS
F28Y FAE FYA FHEe AR JE
Wt Insulin® AWM glucose?] AAS F&
e 3224 2424 insuline] FA4# 9 B
Hlof 715l ofdte] A7[A HW F ==
insulin gFo] ZHAE o] BaWS otsiAl7|A H
th. webd Gl RS Ee A3 Bcell 7)
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