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Effect of Jesaeng-sinkihwan on Renal Dysfunction in
Ischemia/Reperfusion-Induced Acute Renal Failure Mouse
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ABSTRACT

Renal ischemia-reperfusion injury(IRI), an important cause of acute renal failure (ARF), cause increased renal tubular injury.
Jesaeng-sinkihwan (JSH) was recorded in a traditional Chines medical book named “Bangyakhappyeon (5%%&1#R)’. JSH
has been used for treatment of diabetes and glomerulonephritis with patients. Here we investigate the effects of
Jesaeng-sinkihwan (JSH) in a mouse model of ischemic acute kidney injury. The animals model were divided into four
groups at the age of 8 weeks; sham group: C57BL6 male mice (n=9), I/R group: C57BL6 male mice with I/R surgery
(n=9), JSH Low group: C57BL6 male mice with surgery + JSH 100 mg/kg/day (n=9) and JSH High group: C57BL6 male
mice with surgery + JSH 300 mg/kg/day (n=9). Ischemia was induced by clamping the both renal arteries during 25 min,
and reperfusion was followed. Mouse were orally given with JSH (100 and 300 mg/kg/day during 3 days after surgery.
Treatment with JSH significantly ameliorates creatinine clearance(Ccr), Creatinine (Cr) and blood urea nitrogen(BUN) in
obtained plasma. . Treatment with JSH reduced kidney inflammation markers such as Neutrophil Gelatinase Associated
Lipocalin (NGAL) and kidney injury molecule-1 (KIM-1). JSH also reduced the periodic acid schiff (PAS) staining intensity
and picro sirius red staining intensity in kidney of I/R group. These findings suggest that JSH ameliorates tubular injury
including renal dysfunction in I/R induced ARF mouse.

(c) 2021 The Korean Medicine Society For The Herbal Formula Study
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I. A& th 53] MA@ 5 AN ge A 9F
TETE Bt FARAINATe] HAT wf v
FANERZo A 7|50 AEtE ofy|ditin o AdZ uAd3 hA 5o g92 e
HA ok w3 FA ARAFS R dFo s upehx] A A7 Ske] F P - Aol okl ik
ol F AdE TS 7 FAHNEAT A= FARARNFAZTAA A 7159 Ad} 28l g2t
ALHor F7hsta oft. wehs ZRHoz FA4 RS Ao R FaEo] B AFLE 3354 HAgTh
ARASTE NS AR ol el Zast 2 AelAE C57BL6 moused] 3 d Aol
o} o] AgoA AMEHE Ao HE-ARF{ RES o)t FAANFTAZTE FIAA AYN7ES Fod
ohFeE A1 715 &S YEe S8R AT S T A s wAe 53 dysla o A3E
do g, FP-AEFol ot FEEE FA4A Hsksich
FA5E 2o 9ur]ee dHoE Eeta S
AW E ATES VeI, I. A5 R 8y
WA Tl ek WeEshd ARE AbAe] o
3} 7o) AasHA Ad. Sd-ABF{ olF AE 1. A &9 Az
&4 MAYSE oy} 7@ Abole] AEHEE 53 Ao ALg3 A= @A A LGN FASATH
o dFd A WEH s 2Ed 2~ FUt (4, AEEE). AR F2ES 7] 98ty
Z FE, QR or FANRATS & 5 9 Table 17} Zo] ok 10 T/ (F % = 15209)8 &
£ ¥A creatinine?] Aol 8% ATl Utk gale] 100C Z7/5 4LolA A715327] (COSMOS—660,
FAANFEASo] sl S W, o oA F7H3 Kyungseo Machine Co., 913, 3=0)& AL&3lo] 24]
Av AW wfde] FTbEE diEA)] BAAAE Heot FEIAL FEES 4T 2504 10 2
kidney injury molecule—1(KIM—1)°] Jt}®. Neutrophil B¢t 3,000 rpme] X2 YA EE . A5
gelatinase—associated lipocalin (NGAL) 9A] t©}ef o AF TAAZX7] (N—-11, Tokyo Rikakikai, Tokyo,
gk MM HEE 7, ok T AR 2 Japan)E A}bg3te] T2 Hx AAFAL AN
o A Ak A Z71Ee Y. NGALS 54 2184 o] B FEE9 %2 121.506 g (& 7.99%)0]
TS 7)ol Amsta oo digt dws d Al ot
F e A AR 9T FHI0. F717
o7 YR &S e N E diE 2 un 2. 495 E ¥ 29
o WASHA Hm 2] 7)ol @ AT fuw TE AYe dAUgn 5548 s2AYs]
=R Aol mel AeolEs e F gslon], FET
27127 (BRAIRA)S 2718 (BRL, & TAE =53 ($UHE, WKU16—-59). 9 53
A7 (SMEERA), A7 (BEEBRA, JSH) 47 C57BL6 mh9-~% AElzAA T390t AF
o2 FEFET A7|Ee gk 82 kg o] 3 E %ot metabolic cageollr] 2%(23 =+
H (HEEAER, 1884)° 715Eo] glom 53 HAlY- 2C), FE(50~60%), 1&]aL 12417k &<t 7]t ¥
T, A 71 Asker e v Aol AwE <l 7] #7158 FA8 Fuoh A87] 39S A F oo
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S3} o] & YAtk 1) sham (n = 9), 2) I/R
(ARF) (n = 9), 3) JSH Low (I/R + JSH 100
mg/kg/day) (n = 9) ZI8]3 4) JSH High (I/R +
JSH 300 mg/kg/day) (n = 9). /R v A% &
—“ANF FEs AT FFo AT
T Bk 719 HES A 5, ALFE AP
t}, JSH Low o2 JAd-A#F &
10 mg/kg/dayE 2lo]2 FoJz] F4
AR 300 mgkg/dayE: F

£k QY.

=
RN

2~

a5t

el
ol 1Agstt HAFTES IWAA =
< 1 mg/ml ethylenediamine tetra acetic acid
(EDTA) FHol et 33 42 3000
rpm, 153, 4ColA A-dEL st AT 23] -
80Cel Haaisich.

4. 84 2 29 Qs £4

A9 Blood urea nitrogen (BUN)¥} AWz &
49 creatinine®] NI FA= AE A3e)
%74 7](automated clinical chemistry analyzer, FUZI
DRI-CHEM NX700, FUJIFILM Corporation, Tokyo,
Japan)& AR&ate]l EAETE A 7l AEEA]
creatinined & (Cer) & ERIsIiom 7 AL =
H oteel 2t

UV (m1)*Ucr(mg/ml)
Per(mg/ml)*BW (kg)*min

5. @A 22]9} western blot 4
A &3 A% 2AS lysis buffer (250 mM sucrose,

1 mM EDTA, 0.1 mM phenylmethylsufonyl fluoride,
20 mM potassium phosphate buffer, pH 7.6) <
2 g AA dilds FESgin. 53 gand S
bradford B& o]&3le AN SH, 10% SDS—
A71g-sstol  Eelskaith

Ealg oS sodium dodecyl sulfate—polyacrylamide
gel electrophoresis (SDS—PAGE)® 7] %38}
23 F nitrocellulose membrane2Z transfer
skl vl5elA A Ajks WAsH] flstel BSA
7h el godlel] oA 1 AIZF &<t blocking 3t

polyacrylamide geloll A
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3t} Blocking® membraned 1:10002.2  3]A 3
Zy el g@de] 12k &) (KIM—1, NGAL; Santa
Cruz, TX, USA)E A3 th& 1:20008=2 3435
2%} A (Goat anti—mouse IgG, Enzo, NY, USA)
S A2ollA 1 AIRE ¥§AI7]13L ECL solutions RF

SAA HE AEE Chemi—doc image analyzer
(iBright FL100, Thermofisher scientific, MA,
USA)E AbBstel 24 ¥ 3% stk

6. AA HAAL

RT—qPCR)

Ao 2HE] RNA #2)+= Trizol reagent (Invitrogen,
Carlsbad, CA)E ©°]-&3l3len RNA sk
260 nm A AT cDNA A4S ¢35+ 500
ng mRNA¥ 20 ml ¢ transcription
reaction incubated the SimpliAmp Thermal
Cycler (Life technology, Carlsbad, CA, USA)E
e F 42T oA 60 &, 94C oA 58 w3t
T4 cDNA Add A& wfj7px] -20Co A B3t
stk dE cDNAE  ©o]83le] Real time
RT—qPCRE AAN3FATE AFEE primere] 97] A
g8 g3 #Zrh KIM—-1 (forward: 5’ —GCA ACG
GAC ATG CCA ACA TA-3, reverse: 5’—TGG CAC
TGT GAC ATC CTC AGA-3'), NGAL (forward:
5—=TCA CGC TGG GCA ACA TTA-3, reverse:
5-TTG GGA CAG GGA AGA CGA-3), GAPDH
(forward: 5’ —=CGA GAA TGG GAA GCT TGT CAT
c-3, 5-CGG CCT CAC CCC ATT
TG—3"). 1 mL c¢DNA sample, 1 mL primer pairs,
783 10 ml

T 84 A4 ¥HE (Real time

S 3
F4=

reverse

in

reverse:

8 mL ultra—pure distilled water,
SYBR Green PCR Master MixZ 4loj& ©&
Step—One™ Real—-Time PCR System (Applied
Biosystems, Foster City, CA, USA)E o]&3}o] 9

5C oA 10 & <t denaturation step & 7 HUh
7 F 95T oA 15 & B F 40 WS WSS
w, 60C oA 60 AsskA. zbzke] RNA

ES
sample & AW ¥ AHE 3Gt mRNA 54
ZA¥= GAPDH mRNA 54 ZAiol| ot xF3}
A=

7. PAS 44

HEw A 225 10

N

¥=3d (pH 7.4)° 3
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T, FAERA 224 el delsls 22

J'lxj/\]zl
Azt 50% LT AAEEH 100%
T

dE A
7}
shoich stebd AFEAAS
A&t gieh. o] g A F=Hl
7] (Microtome; Thermo Electron Corporation,
Pittsburg, PA)E AH&ate] 3 moz A& 5 &elo)
= 9ol 2 AlA dEE e PAS staining
Xylened} o &H& 100%S o]&ste] &efol=9] ueh
#S AAZ 3, 0.5% periodic acid solution®l 10
T

(3

o wg ne
1
.

of

gAY HbE 3 32 Fofl A g 3
Schiff Al¢fe=2 10 &3+ WESAIZATE A4 & 3,
hematoxylin®2 3 #3+ v-g A7l & @5 HAHE
A3l Canada balsam (Junsei chemical co., Ltd,
Chuo—ku, Tokyo, Japan)o.Z B<s F Fstdu]
Aoz #EsT  (Nikon Eclipse Ti, Tokyo,
Japan).

8. Picrosirius Red €4}

HEH A 22L& 10% 2T (pH 7.4)° 3

Q) =

T
E oo e R

(Microtome; Thermo Electron Corporation,
Pittsburg, PA)E AF&3te] 3 me=z & 7 &g
ol= 9ol B2 AA HdAE
Stain Kit (Picrosirius Red stain, Polysciences,
USA)S] AzAM A AlFsl= A8 Wil weh A
< Y33t ek Al Qofshd, WA 2A HHS
gl 33 ASE Y-S Hematoxylin® = G238}
o & & MFHsEYs. 1 thS Phosphomolybic
acid, Picrosirius Red 941 &9 .1 N Hydrochloride
acidge ZHIZ AY3toAE tha 70% dehe= AlZ
3 t}S& =4 5 Canada balsam (Junsei chemical
co., Ltd, Chuo—ku, Tokyo, Japan)o.& &3 T

WHE 31 Picrosirius Red

FeteAn|goz  #Zset  (Nikon Eclipse Ti,
Tokyo, Japan).

9. BAXY

Ae Aol fFode H4¥ ZIH}E SigmaPlot

36

10.0 ZTR13S o]&3Fe] Students t—test = 3}
o p7} 0.05 o]akel - freld Aol st

m. 23

Aol o] & Feh, AYTIF Fo Al 2
o] ue & AFFASE EFAZ Vi =2 54
gt A3 RAA FoA A= F7F deH (p
< 0.01), AAA7|Z Tt A st a9s &
&ttt (p < 0.01, Fig. 1A). A3SE 3|4 5 2
A4S ZGs A% JRaolA Aol vl %
o B9 4 Ak (Fig. 1B).

2. ABA7E T g7 A7 7%

SAE-AAF FE 19 T 4 A9 dYsE
A & A FGAgA Al 715 A|ES] blood urea

nitrogen (BUN)3¥} creatinineS

< shamw 3} WSS o, oAl A7t F7F
i) AL 718ES Folgh wrollA BUNH creatinine
FAZE T8 Al sk As EAsSith (Table
2). 3 A3 FTE AHAA, AF AFA A&
o] A %Sl creatinine clearance(Cer) & =33 24
3}, I/R o+& sham w3 ¥ S o), oA
F27F 2489 (p < 0.01), AAAN7E AxE
I AEEd BEOA FostA Cer #A7F F7he)

t} (p < 0.05, Fig. 2).

Cer
—
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3. ABAAZIE Fod ¢g KIM—1, NGAL 2dd
uXE 9%
FAANFA BRI A YA 7] Fho]
1344 F 2l KIM—1, NGAL 2ale] =
7] $13le] western blotHS A
/Rl oJste] el g5
o Hlsle] KIM—13 NGALS] o
A Z7hd As FJF &
W, A7 S Folg o
Btk (p < 0.01, Fig. 3A). *
S 53] Z71E mRNA 2Hd
Aol Fo3t AAE UehdS gels
(p < 0.01, Fig. 3B).
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4. 99 24 PR Wk L A AR o
@ Wt 24

s -AeRol FuE

A7\l o] 24 Weletd waE Z4a
A

del] gk FA4A ALY e HIEE X3
7] $13 PAS 9M4E& AdEIT. 1 A, Al vt dEA Jop. B AT3E AYNTIES 3§
A #EE R gk 7149 (basement membrane) Aol oty fdE FAAFA TEEA
o] A 7 R A &4 o

o

714 (extracellularmatrix: ECM)2] dejstdel &
dol FRlHAT ABL7EHE Fofgk FAAE A
A AR FEEAL, wi A w 71EE 23
gk A7) d el AR E4fo] #AFHYOL, o] HA
z

ANFEAZ mdd (I/R), AA7E AsE A
(/R + JSH 100 mg/kg/day), 18] XMAW
5% ZE+ (/R + JSH 300 mg/kg/day) <]

HJ

o
e
Al
=
al
El
W AA] S 7] A (mesangial matrix)S E &3 A E 2 Folale] A|AA 78] Al
s
=l
o
3 u
o
A

godarel vls] dAs wkeh (Fig. 4). T3, 21739 o7 o] Hygstglon, thed 2 AES Oé
A3t ArE elslr] 9sle] picrosirius red @ o},
AL Aty 1 A3 R R3S 3l Ae) vrstel AGREAS AT vE FA F
& 5 o ANNVIEE He oA AR Ve w4 AlNAS 27) dAeA YElhde Sl
7F ZAHASS It 53] s AL oHO A A APN7IS Foldt e A
7188 HEe el Gt A9 fAkE dx T ARATe g8 Tk A wdistel 2%
3 5HA5S Sl (Fig. 5). FAASE F27F Fo04 Al #HAskelth Blood
urea nitrogen(BUN)-S Aol A whalz o] o]3}z}-&
V. 2% o2 A7 WARFERA 90% o)l AFoR mA
Hrk. wEbd BUN 2= A #jd 7)ss dobs
AYN7)E (EEBRA, JSH)S &4 (i), T dE AmeltH?. APFEoRYEH de IS
AboF(1LEE), AFR(LEE), WEH(AFEE), S99 o]-g3le] BUN Fx& Z43¢ A3 APA7]|3He 3
FTRE), BIALGEE), -5 (48, AAAHERTF), 5 g4 FANEAZS el vle] BUN =271 2
AR, FAFIZ Fguo)x Aoz whofgt SHAl A AT olek 22 AE Fate] A4
A(HEEER) A 7155 gt 53] AAA718 2 A71gro] A &4 Ao V)5S IEEe A
o] &(e) T F3) VIS HIl] fste] = o8 Atmdrh Hg A o] creatinine> 2179
A ] o 2] 9“:}13). 2 A= ATl F ARFAA A3 HE w9 AFT HA i AF
H(EMm= Qg FAAFd BddAe] A% 7% 2 F ol wdech mebA creatinine® 8 % WiA
M A& a7 deS glstaar 23S F> AW creatinine AP T, IF

T3tk creatinine FX[= A% 715 Bl wg- F83}F
FAANFHH xAHowE BE AV HAE A AFgEE AFolHy, B oA g AxjoA APl
ojmlal, 53] dAstE dlolth F-o ZA A 7182 S8 SR HF ol Y8 creatinine
8ele] AAd 9t THEHA &= TAS AT Jago] @A *ﬂﬂ Aotk whEkA A AAl 7] g
o] FejE omHy, olgfd Yelow A A Aol A3 75 AFTF 715E Al A,
71559 o] @Al F ARl AAlE sl & A& FRASR ﬂ%—g% Ao AlrHt}.
A JASA A9 V%S AsAIzIvia dEA 2ol &4 A1) 7 ASke] R AxR
thoolggk Ale] 7lsdl ool AYIA =HWA A =  neutrophil  gelatinase—associated  lipocalin

o ATt AR o] FAR K] FA Ho] A U (NGAL) 3} kidney injury molecule—1 (KIM—1) &©]
i wdFo] FHHM o2 <lete] ArpH o= 2tk NGAL# KIM-1& A% 759 4% ws)
A Yol nAALEZFo] dojuha, A B AfA o]Fo wig- w2 Ases ot KIM-13}
Aol olido]l AT dejA] ATk FANRA NGALL AEFA B2sa Qe FANRdeR 3
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&M & 5 A Ve A 2aE el =
T Adgler, sgE Y FANTAT TE LE
A EEE AATIEe] AAdGoRA FdAY At
o fAAR Erh AvaL AbsETh wEpA o ele]
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Table 1. Composition of JSH

Herbal medicine Scientific name Amount (g) Source v 1
Fhith e Rehmanniae Radix Preparata 320 Imsil, Korea = Ak
1L1%% Discorea Rhizoma 160 Imsil, Korea = Ak
LLZEE Cornus Fructus 160 Imsil, Korea = Ak
=P Poria Cocos (Schw.) Wolf 120 Imsil, Korea ERt N
W R Moutan Radicis Cortex 120 Imsil, Korea EatiEs
= Alisma Rhizoma 120 Imsil, Korea EIEN
A Achyranthis Radix 120 Imsil, Korea = Ak
HAEIf Plantaginis Semen 120 Imsil, Korea SN
ESkES Cinnamomi Cortx Spissus 120 Imsil, Korea = Ak
A ti Lateralis Radl.
F Comtr Laterafls fradkx 120 Imsil, Korea = Uak
Preparata
Total 1520

Table 2. Effects of JSH on Plasma BUN and creatinine

Day 1 Day 3
Group
BUN (mg/dl) Cr (mg/dl) BUN (mg/dl) Cr (mg/dl)
sham 26.34 + 0.16 0.26 + 0.01 29.2 + 0.55 0.22 + 0.01
I/R 133.1 + 5.16%* 1.30 £ 0.07%# 51.96 + 7.43% 0.40 + 0.04%*
JSH Low 110.04 £ 14.96™ 0.51 + 0.05" 32.34 + 2.87 0.34 + 0.01
JSH High 109.4 + 1.23* 0.62 £ 0.09" 38.76 £ 3.32° 0.35 + 0.02

JSH, jesaeng—sinkihwan; BUN, blood urea nitrogen; Cr, creatinine; sham group, C57BL6 male mice; I/R group,
C57BL6 male mice with I/R surgery; JSH Low group, I/R + JSH 100 mg/kg/day; and JSH High group, I/R + JSH
300 mg/kg/day. Values were expressed as mean £ S.E. #p< 0.05, ##p< 0.01 vs. sham; #p< 0.05, ##p< 0.01, ##p<
0.01 vs. JSH.
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Fig. 1. Effects of JSH on Kidney Weight % of BW and Kidney Size. Values were expressed as mean =%
S.E. (n=5). ##p < 0.01 vs. sham; ##p < 0.01 vs. JSH.
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Fig. 2. Effects of JSH on Creatinine Clearance. Values were expressed as mean *+ S.E. (n=5). ##p <
0.01 vs. sham; #p < 0.05 vs. JSH.
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Fig. 3. Effect of JSH on KIM—1 and NGAL Levels in Kidney. (A) Western blots analysis on KIM—1 and
NGAL protein expression. The experiment was repeated three times and similar results were
obtained. (B) Real—time RT—qPCR analysis of KIM—1 and NGAL mRNA expression. Values were
expressed as mean £ S.E. (n=5). *#p < 0.01 vs. sham; ##p < 0.01 vs. JSH.
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/R +JSH Low IR + JSH High
Fig. 4. Periodic Acid Shiff (PAS) Staining of Kidney in Sham, I/R, JSH Low and JSH High mouse.
The histological damages were in terms of glomerular fibrosis and tubular expansion in I/R

group, which were administration of JSH improved tubular damage induced by ARF (Original
magnification: X200).

Fig. 5. Effect of JSH on Fibrosis in Kidney Tissues. Typical findings of picro sirius red staining in
kidney of mouse (Original magnification: X200).
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