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Inhibitory effect of valsartan on endoplasmic reticulum
stress and inflammation in the diabetic rat Kidney
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[ Abstract] Objective To study the role of endoplasmic reticulum stress and related inflammation in the kidneys of
rats with diabetic nephropathy and the effect of valsartan on these lesions. Methods  The diabetic rat model was induced
by intraperitoneal injection of streptozotocin. Thirty-four healthy male SD rats were randomly divided into normal control
group (n=10), diabetic group (n=12), and valsartan group (n =12). Valsartan (10 mg/kg) was administered daily
by gavage from the next day of the diabetes induction for 6 weeks. The expression and distribution of ERS-related proteins
P-IREla, P-JNK, and MCP-1 were examined by immunohistochemistry and Western blot. Real-time fluorescence quantita-
tive PCR was used to detect the mRNA expressions of IREla, JNK and MCP-1. The 24-hour urine protein excretion, Scr,
and BUN were checked. Results Compared with the control group, infiltration of inflammatory cells was aggravated in the
kidneys of DM + V group, the expressions of P-IREla,IREla, P-JNK,MCP-1 were significantly increased, and the levels
of IREImRNA and MCP-1mRNA increased compared with the DM group, infiltration of inflammation cells was alleviated in
the kidney of DM + V group, the protein expressions of P-IREla, IREla, P-JNK, MCP-1 were significantly reduced, the
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levels of IREImRNA and MCP-1mRNA were reduced. While there was no significant difference in the expression of JNK

mRNA and protions among the three groups. Conclusions ERS and related inflammation are activated in the kidney of di-

abetic rats. Inhibition of the IRE1/JNK/MCP-1 pathway of ERS and related inflammation might be responsible for the pro-

tective effects of valsartan on the kidneys of diabetic rats.

[ Key words]

B R 9% 5 % ( diabetic nephropathy , DN ) J& ## IR
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111 SEERH
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1.2 A&
12,1 AR e8 Ko e

34 1 SD HEtERER, BEHL A 2 X BEZHL (Con 4, n
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(DM +V @ ,n =12 H), KEENERSE )G,
DM 41 DM + V 41K FUIE i 13 9% STZ (STZ % F 10
mmol/ L ARG IR LR, pH 4. 5,40 mg/kg) il VEHE
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FRIGASIY | Con 20 34 5 A ] 44 B 1 A ik 1 4k % oo
W ,2 d J5 R DR I, I 2 % =16. 7 mmol/L, JK
BETT ~ BT B R IR K R, R AL
K% 4 ~6 mmol/L A2 47, BT A7 K B ik 56 1 1] AN
AN 2 R R R TR B, DM +
V HER AP IEEEE 6 & (10 mg/kg) , Con 4 K
DM 20 H S 28K, SCm i sh iy A ik,
ALK T DM DM + VA& FH 1 H K RIE
T, 1 H K B S A& 35 288 8L AR i, 7 LA
Bro me2edt 30 Hogiscsm, Kb € 4110 2, DM
10 H,DM+V 410 B, 7E45245 6 RALSE R,
AEFEET PRI U AE 24 h JR, FHTISE 24 h JRE
P T E KB 3 mL, BT 5 1 LT | ifi
PREZA M R | A K 5 88 BOSUIm B, FR
LB AL 10% P IR bR T 1,
RULVE T - 72°C vk P AT,
1.2.2 Bk B A A

LB L 200 I A3 AR 2 pm V0, R
HE Je 0, Y8 T LS B 4l SUE 25 24 MU2E J R 4 e
ealizN [ pLT
1.2.3 G LML

KA SP 5, 2 wm B LW R W USRS F0K
3% H,0, kb PR IE bk N IR o A AL Y, SR A
2. IEWIEMEE A, —P P-IREla  IREla, P-
JNK JNK( 1:100) Fiks, —HimAER L FEhie
IgG, PBS B —HufE N BAEXT IR, DAB B A 2 il
TR RARRE Y,
1.2.4 Westen blot ¥l 4 FE 1k

HBUB Rz 2020 100 mg 24y, FIRBRBTBTRE, i
A RIPA 2R 0P, TEBIEBE SR S, 7K
1 h, 4%C 14000 r/min %> 25 min, BCA il I
HREAWE, BUREA S0 pg, T bedLmmman-
RGN ( SDS- PAGE ) BEJRHL VK 5 HLFEF8 2 NC
H 5 5% iRE Wk A NC B 2 h, PERE S 430 in A e
PR P-IRELa HL44 (1:400) , St KB IRE1 o 471
#(1:500) Hrdi KB P-INK Hik (1:200) Hbik
FLINK Hoik (1:250) , /N R bt K B GAPDH 4 1k
(1:3000) ,4°C 12, VRIS InBRAR i S AL P iEpric
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HYFEPTARBTAR (1: 8000 ) BLFEHT RPTIAK (1:5000) ,
37°CHFE 2 hy YEREJS N ECL &7, SRJ5 9% NC &L
AXeREEE, KR, B%, €%, H Image] 53747
RGENXT Western 25715 #4728 /oM, B0 438
S5 IO G EE
1.2.5 SERF% 6 E & PCR(FQ-PCR) #] mRNA
ik

22 B Trizol 1300 S0 156 BH 5 2 B 21 K U 4 20
S RNA 2 BRGe Si i 1  )  # VE 2 P ik A7
cDNA A, SRHH 2722 T HEA TR (A A 2y
ro ISR, 94°C TAR P 10 min, %14 Tag it ,
94°C 15 s, 60°C 60 s,45 PMEIRLER , F:4> cDNA Ff
A e 96 FLAR ¥R E 3 ANE AL, N S S T 16C
"1, R GAPDH fE AN Z [, 519 )% 5 h .
IREla: 5’ -CTGTGGAGACCCTACGCTAT-3” ( |- iiff)
5 5’ AAGTGGGCGTCAGTTTGCTC-3" ( i) ; INK.
5’ -TGATGACGCCTTACGTGGTA-3" ( F¥f) 5 5°-
GGCAAACCATTTCTCCCATA-3" ( Fiif) ; MCP-1.5" -
ACCTGCTGCTACTCATTCA-3” ( F¥F) 5 5°-GCT-

GCTGGTGATTCTCTTG-3" ( F % ); GAPDH:. 5’ -
TCAAGAAGGTGGTGAAGCAG-3’ ( Iiif) 5 57 -AG-
GTGGAAGAATGGGAGTTG-3" ( Fiif) .
1.2.6  Seit*obr

BAHRILA (2 £5) R, R SPSS 21.0 G213k
PR TR 7307, 28 180508 b AsoR FH B DR 38 Ty 22
S (ANOVA) . BL P <0.05 N2ERA G ¥R
X

2 #HR

2.1 BAAR 4 hZEATE NMEAEAQ.MHE,
FR & & F0 M BILEF A4 B 32

6 IR, 5 Con ZHAHIL, DM ZH KR 24 h JREH
FE MR RA R ER = (P <0.01) MWL S (P
<0.05), M3 HE AR (P <0.05), 5 DM 414H
b, DM +V 4K 24 h JREFE & IRZEEFEIL(P
<0.01,P<0.05) , MK HFEAMEE (P <0.05), I
WUEFREAS, (A 2 R RS # L (P >0.05) (I
#1).

F1 SRR 24 hEAES MK EEA W SREE MAEFHE (3 £5, n =10)

Tab.1 The 24 h urinary protein excretion, plasma albumin, serum glucose, BUN and Ser in each group

i Pro AIB BUN Ser
Groups mg/24 h o/L mmol/L mmol/T, pmol/T,
Con 41 12. 64 £2.03 29.21 £1.70 9.16 +1. 66 7.01 £0.55 20.06 +3. 11
DM 41 36.46 +7.34* 23.91£1.46" 26.35 £5.32* 15.60 £2.43 ™ 29.50 £6.42°
DM +V 4l 25.23 £3.75% 28.05 + 1. 79* 24.68 +4. 47" 10.33 = 1. 73 25.92 +4.25

H: 5 Con AL, * P <0.05, * P<0.01;5 DM 4#LL,*P <0.05,##P <0.01
Note. *P <0.05 * P <0.01 vs. control group; *P <0.05,**P <0.01 vs. DM group.

2.2 BHAREBHALREFHET

JEBE T Con 41 B 41 21K UL Bt s B 4%, DM
H R BB /BRI ALK, B 7Nk 40 U /5 o s 15 4=
BN RE I ok, R HA W 22 LR AR Y
JE H AR MRS 58, B /NG b B 28 W AR VAR 40/
JEIRZE S, A Bz Bk b, DM + V 445 DM dHAH L
A AR (WA
2.3 SREHAANFERN P-IREla, P-JNK,MCP-1
EEEBRENEMRIE

P-IREla P-JNK ,MCP-1 7E Con 2 K BB ¢z it
P3R5, PH: 20 16 A 20 A% S A 0 €, 7 100 A5 AR
B b SN T S BT R 100 S5 /N 4 40 S 55 R
PHH: 20 B 55 K 50 AN /INER I BH P 20 g, DA /N
£ 1% IS 1 25 AR B B /NS U7 T 1Y) B A 4 B S Sy
b, P-IREla 7E Con 455Kk, F A Tt
vty /N AR B 48 T R 40 5 % M A% 9 ; DML 4 3

IR IE 22 5 /INIK R /N L o A 4 ) i 3R 8
P-JNK £ Con 45533k , 3= AV T 1 3t S 6 g ' /)
B AN ;DM KA B L R AT
B /INBR FR AR A S /NS B R i N, DU NS B
) DS v T s e 1 IR = AN = e R R
MCP-1 £ Con ZH A 55 ; DM 2RIk B B 3558 |
D7 /N B 5 Sk B S 3840 Y /N BR DA 40 A e o
W5 58 Pl %35, DM + V 41 P-IREla, P-JNK .
MCP-1 Rk #A7 5 DM 4K EAH R, F2 A T Con
4 DM Az [E (WLE2) .
2.4 Western blot #ill IREla, P-IREla, P-JNK
JNK . MCP-1 EBRIXER

INK FR7EA A A 225, 5 Con 41AHLE,
DM 4 IREla . P-IREla P-JNK \MCP-1 3538 55 (P <
0.01), 5 DM 44, DM +V 4 IREla . P-IRElx P-
JNK MCP-1 FIRFEL (P <0.01) (WK 3),
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i Al Con 4, BLHZUR W] L BIA 7 s B o DM A, B/ NERIT ALK, B /DR R A M AR B A B /N B e
[k, AT WLAS AR C S DM+ V4L /R OB/ INVEDR AT T DM 4B i

Bl1 AAKRENEE HE 46 ( x 100)
Note ; A:Representative photomicrograph showing normal kidney tissues in a control mouse ; B ; Glomerular hypertrophy, mesang-
ial cell mild hyperplasia, renal tubular epithelial cell swelling with visible vacuoles degeneration in a rat of the DM group;C:
DM + V group. Compared with the DM group, lesions of glomeruli and renal tubules were alleviated significantly.

Fig.1 Histology of the renal cortex (HE staining, x 100)

P-IREla

P-JNK

MCP-1

1 :A1-A3 2N Con #;B1-B3 2 DM 41;C1-C3 J}y DM + V 41; A1-C1 2}y P-IREla S EH AL YL {1 ; A2-C2 4y P-JNK 4 20 fb e

5 A3-C3 S MCP-1 S AL (s IR P 20 (5 Sk A8 75 B /R B bRl B BR3P A HT K8 7R B /INVE B R B BRI
B2 AARRUE B e i1 P-IRELa P-INK K MCP-1 2 1 335784k ( % 100)

Note. A1-A3. Con group; B1-B3. DM group; C1-C3. DM + V group; A1-C1. Comparison of immunohistochemical staining of P-

IREla in different groups; A2-C2. Comparison of immunohistochemical staining of P-JNK in different groups; A3-C3. Comparison of

immunohistochemical staining for MCP-1 in different groups;Red arrow point to target protein expressed in glomerulus positively,

black arrow point to target protein expressed in renal tubule positively.

Fig.2 Immunohistochemical staining of P-IRE1a,P-JNK and MCP-1 protein in the rat renal cortex at week 6
( x100)
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Con DM

PIRE L0, st i S

IREla | S—— “ —

DM+V

0.0
P-IREle IREla P-JNK INK MCP-1

T 5 Con 4IMIE, " * P <0.01;5 DM 41MI L, *P <0. 01

3 6 AR HR BB N B P-IREl o IREla \P-
JNK JNK MCP-1 ik
Note. ** P <0.01 vs. Con group;*™P <0.01 vs. DM group.

Fig. 3 Expression of P-IREla, IREla, P-JNK, JNK
and MCP-1 proteins in the rat renal cortex at week 6 assayed

by Western blot analysis.

2.5 FQ - PCR Z##ill'E 204 mRNA HIRILER

6 JE K, Con 4 K F'H 414 IREla JNK , MCP-
ImRNA A i F ik, 5 Con 4 ILE, DM 4
IREla \MCP-1 mRNA FiAH] I | 22 A Gei 2
X (P<0.01),JNK mRNA FiEJRA &, 2500
GRS (P>0.05); 5 DM 4AHEL, DM + V 41
IREla \ MCP-1mRNA ik I BFEIL (P <0.01, P
<0.05), JNK mRNA E£iE 2R LG FRE L (P >
0.05) (WL 4),

3 i

PRI B 1) A L B 2 1 98 € (PKC) 5
Ui AL (ROS) 276 A I 7240 St 71
FULAN Y SR UL H TR 2 G L SR AE SN A

34
EZE Con

ok E DM
2 = DM+V

Relative mRNA expression

T
e

P-IREla JNK

H. 5 Con ML, ** P <0.01;5 DM A, #P <0.01,7P <
0.05,

4 FHHKEEHL IREla JNK F1 MCP-1mRNA f4
Rk
Note. **P <0.01 vs. Con group;™ P <0.01, *P <0.05 vs. DM

group.
Fig.4 FQ-PCR results of IRE1a, JNK and MCP-1 of the

renal cortex in each group

B Je 1) AN AL B ke S L AR IL i A PR s
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INE ALY NF-kB A 380 , o8 T 5 4 0 s 7
Titan SM"* 641 F ACEL 5 ARB 1897 B8 95 5 96
B, R MCP-1 (kg fafb 7 1) 2 P
B, BFIE MCP-1 9 35 i 2 % PR s B s S5 2 ' O 45
Pl R A T R e A R T B AU
FERER ALK P RATR KRB, DM 41Kk
BB 6 JRI B 2R 4L i MCP-1 ik i34 s , [R] it
RMEANMIETEEA S . DM + V 41, MCP-1 & [ #3567k
SR [R5 RE 41 M IR VE R, AR 24 h BRER
FI 0 2 FRAIG, 37 B0 HLAT Dl PTG 5 i AT i 2R 4
TV 5 SN AR

SR X - DR B b & F g & A 1 ST
H AT A TS, Bk 2 AT B, N
N (ERS) 5 RIER N KR EY], WML FE
FFEEA BT, &R E 550N B MRS 8
FIRE , 51 PN 5 0 o B R T B e R I B A
T PR 3R A 0 RS BR g 78 0 R 8, 35 1Y ERS
TR ER K I IREERRAS , PRRR AN I T 4 , (5 2441
TR R R R SLAEAE RS o 3 sl K A ) Y ERS
e P EANM Y S SR T B LR
AN & FE NN RS, A ERS 1 & 4 $E it
T AR LA TR BB PR B A P S e IR AR
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PRI 4 ANGIT %5 Z2 P38 P I MRS AS A IR 42
NFESEAFLEN ERS AT BES 5 T DN R IE W 1 &
A, ARWFFERI T ERS AHCE A IREL R 4E
AHICHG S PR F- B4t INK, R ANGIL 32 44400 il 77) 45
YO IHAME 5 KN, PRAP B RIE A v AR AL

IRE-1 (LB B 1) J2 2 60 T PN 5T I JsE L= A
SN BG5S E R AT, 5 R0 ROk
AU, BT 5 N 5 R P Y 2R 5
GRP78 Z5& M Ak T2k 16 R A s W R & 2B )
6T P J5 P90 PN R o AR BT B R B DR T B ) B T
AR, AT 55 4454 GRP78 i H 5 IRE-1 5,
3 IRE-1 B2 1kl P-IRE1 5 IGAL . ARF5E %
L, DM 4K U IE IRE1a 25 A M AZ R 15 F i, [H]
ff P-IREla F G0, #2275 DM KR IE 6 J& AT
AREE &4 ERS,6 JEIT B AT BH & A0 I N, nl g +E
SEAFAEN ERS {23F T RAE KRB & A, Cao 251
W58 &3, 7€ 8 JEIHF DM KRB Ik f£7£ GRP78 %
IKHIE N, ERS W&, 45 T/ P HIRYT S, N BT L
AT SR T SR YR, A S 98 9 I I (1) 5%
Wi, ASSZICBFFT R WA 45 T4 VDAY DM + V 240 K R
B E IRELo 25 F SAX PR 345 T M, P-IREla £5 H 5
WD | RRE N IR B R A DI AT BEVEAE T DM K
FRCEF I ERS RS, BRI T AH G RAE SN

INK (c-Jun 2 HE 50 8 ) J& 1 e FE SR 7 c-
Jun FSLImBEFRRIL Y IE , 200F 2 A B RO B A 5
UG (K7 FREE R A N SN )
INK B3G5 12 SN AN, (8% % 52 F e-Jun
) FEAR B ER L, PE T BTG c-Jun 113 5 HL A S
W, HE ST U R AE T (A HE MCP-1) 1934
W6 DRI INK 38 R A 5 I A4 R A 5 1 it
il Z ik 2, ERS 1B T, 1§ 4k 1Y IREla ( P-
IREla) 456 TRAF2, SEAE I B MR 1L T i85 11 INK,
PEHERE ST C-Jun PIIE , DT 40 65 22 Fh 5 i
JRIGFEF L ARTLIHFE A B DM 41 DM +V
2R BV IE INK 2R SR e 1k ¥ o i A1k, (H
J& DM 41 P-JNK & H =0, SV HIEY7 IR DM + V
4 P-JNK PR, #2787 DM KBS R F
ERS 2 INK B R Ak 0936 7 £ 2R, INK &
FIZRIRIFA S, 4P e 2 ME T ERS, W
T INK A B AL, JE G T 90 S

X ANGIL 32 A 41 i 551 250 v0 35 40 fa] 40 4 T
ERS, HAEHIALH i A A HG, T RES LA T R A K.
DANGIT ELA7 58 K 9 41 128 20 it 38 4 A AE K, 384

ECM AR BI04 8R 1 A K A A,
T B R i, 5 5 12 ERS; @ANGIT 1]
5 R MAN ARG M A B3 (Ros) A=A R
B AN P Ca® S Fh e, S Py I )
ERAS, 51E ERS; AT Z A6 5 HAZIREE G
5917 ERS MIBOESF. 535, ARB 2525945 B i 1
AR PR O BAVE R W8/ 1 B /NS b B 240 % PR 2R
F A E W, T AR /N b B A Y ERS 13
T AR T ERS AH B S 0E KUV .

S FRATRAISE K B R PR K BV e A AR
DAL IS DR I BRI A 52 I 85T 40 7 3H AT R R 4 3
T J] P9 R 38 TREL/JNK/MCP-1 38 8%, 9 4%
RRAE LI, T 448 B R AP VR I

& % x W
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Topics of interest — * Targeting Regulators of G-protein signalling ( RGS) proteins in movement disorders’

Following on from the last article on the descriptions of the basal ganglia model in movement disorders (3rd edition) ; this related
communication refers to our recently published research (Ko et al. , 2014) on the pathophysiological roles of RGS proteins in Parkin-
son’ s disease (PD) and L-DOPA-induced dyskinesia (LID).

Although the cause of LID remains unknown, evidence has suggested that repeated, pulsatile stimulation of the dopamine receptors
in the basal ganglia contributes to the development of LID. This process is commonly referred to as  priming’ and is the abnormal long-
term stimulation of dopamine receptor subtypes, which belong to the well-known class of proteins called G-protein coupled receptors
(GPCRs). Ultimately, priming causes abrupt functional changes in second messenger signalling mechanisms ( Aubert et al. , 2005)
that lead to the development and expression of dyskinesia.

In our published paper (Ko et al. , 2014) , we focused our attention on RGS proteins which are known to modulate GPCRs ( Hep-
ler, 1999). Specifically, we investigated the role of RGS protein subtype 4 and its pathophysiological role in the expression of PD and
LID motor symptoms. Our experiments utilised the well-established 6-hydroxydopamine (6-OHDA ) -lesioned rat model ( Cenci et al. ,
1998) and progressed from a series of in vivo to in vitro explorations, in an attempt to fully characterise the functional changes of RGS4
in PD and LID.

The main findings from our research demonstrated that RGS4 proteins were involved in the expression of LID. This was seen fol-
lowing correlation analyses (r=0.93, P <0.06) of RGS4 mRNA with abnormal involuntary movements ( AIMs) in L-DOPA-treated 6-
OHDA-lesioned rats. Thereafter, we innovatively suppressed the expression of RGS4 mRNA using antisense oligonucleotides, which
were chronically delivered into the brain through osmotic mini-pumps. We found that dampening the expression of RGS4 mRNA was a-
ble to reduce the induction of AIMs and the subsequent development of marked molecular changes associated with LID, such as dopa-
mine receptor super-sensitisation. Our key findings indicated that such second messenger signalling proteins may provide for novel thera-
peutic targets for the treatment of movement disorders and/ or other neurological disorders.
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