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Effect of ShenQiWan in alleviating renal injury in diabetic ZDF rats
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( Beijing University of Chinese Medicine, Beijing 100029, China)

[ Abstract]  Objective To investigate the effect of ShenQiWan on diabetic renal injury and evaluate whether the
mechanism of ShenQiWan is to reduce endoplasmic reticulum stress via the protein kinase R-like endoplasmic reticulum
kinase (PERK) pathway. Methods Twenty 12-week-old male ZDF (fa/fa) rats were randomly divided into the model
group (n=10) and SQW group (n=10). Seven male ZDF (fa/+) rats of the same age were used as the control group.
The SQW group was given ShenQiWan decoction (8.12 g/kg), whereas the control and model groups were given an
equivalent volume of normal saline. During the intervention period, the general state of the rats was recorded, the fasting
blood glucose concentration was measured regularly and the 24 h urinary microalbumin concentration was tested. To observe
the pathological changes, paraffin sections of renal tissue were stained with periodic acid Schiff, Masson blue, and periodic
acid methenamine silver-hematoxylin and eosin. Real-time PCR and western blot testing were conducted to detect the gene

and protein expressions of the PERK pathway-related factors GRP78, PERK, elF2a and ATF4 in the kidney. Results
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Compared with the other two groups, the model group showed slow weight gain, reduced body hair gloss and inactivity. The

model group had a significantly higher fasting blood glucose concentration and 24 h urinary microalbumin concentration than

the control and SQW groups ( P<0.05). Morphological observation showed the glomerular capillaries were dilated,

basement membrane was irregularly thickened, mesangial area was widened, and some glomeruli had segmental sclerosis in

the model group compared with the control group. Renal tubular atrophy and renal interstitial fibrous tissue proliferation

were also observed in the kidneys of the model group. These pathological changes were reduced in the SQW group. Real-

time PCR and western blot analysis showed that the SQW group had significantly reduced expressions of GRP78, PERK,

and elF2a compared with the model group (P<0.05) ; however, the ATF4 mRNA expression did not differ between the

model and SQW groups. Conclusions Diabetic renal injury in ZDF rats is alleviated by ShenQiWan, and the mechanism

may be downregulation of endoplasmic reticulum stress via the PERK pathway.
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H5 M2 (GAPDH) JK BE{H W LU AH, L3 45 41 5
AU B B AR X F k&
1.4 HitEFZE

fdi F SPSS 20. 0 #4443 Hr $ic i | £d LLF- 2
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#&1 PCR5IWIFSI
Table 1 Primer sequence for Real-time PCR

E S ELY) YK E
Gene Primer Product length
5’ -ACACCTGACCGACCGCTGAG-3’
GRP78 144 bp

3’ -GCCAACCACCGTGCCTACATC-5’

57 -GCCAACCACCGTGCCTACATC-3’
PERK 3’ -CCTTCCACCAGAACCACAACGA-5’ 135 bp

- 5’ -CCCTGCTGCTGCTGTTCCTGS”
S 3 AGCCAAATGCCGTATCCGATGTG-5’ P

5’ -AGTCTGCCTTCTCCAGGTGTTCC-3’
ATF4 3’ -GCTGCTGTCTTGTTTTGCTCCATC-5’ 137 bp

5’ -GACATGCCGCCTGGAGAAAC-3’
CAPDH 3’ -AGCCCAGGATGCCCTTTAGT-5’ 92 bp

2 HR
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T g R v, DX R 2 K R K R R AT
TEER REHIORES R AT, B & 50 BRI R Ui
WK HMEEEE, B0 L EEVDIGEE, YOK S
PR I 2 1 220 5 | S SO I A K Rk
IRIT AR BRI I A B el . LR 1,
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12 J% 16 JEiA K BRI A 55 B A< LA 25 i o,
WERIEO0 B B B T, 2 S A Gei 4 8 L (P<
0.05) ;16 JEI & B ALZH 225 1 IR AH F50A5 78 20 B 4
%, 225 BA G245 L (P<0.05) , 16 JE# K B
R REIG K0S B SIUA BRR  R G KR T
EH , EFHAGI#E L (P<0.05) , W2 K2,
2.3 BAKXKR24 hRKUEAEOKRNER

16 JE AT 2 R SOALAL Y 24 h R TR 18R
FIE IO R T R B RO B R 2 B 8
R, 22 5 A Giit2¢iE L (P<0.05) , W3 &3,
2.4 BHEAKEHME

PAS He e ] D%k BRZL B /NER S5 4 1E 7, SR 4,
GARCATTRSWIU e T i e R = A2 St K=
ik, ZR I DRI 3 T8 B /NS T B AN R A
AR R R OB B AL R B A BTk
Masson Y6, i 75 XF R ZH B /NER RN /NS 485 1) 1E 5
BERUZH B /NER B 20 1084 5K S I, 2R R DX i ST
LB ) o £ A Ak BRI R s A BT ek 3
PAM-HE He (e n] UL B8 21 B /N BR 25 44 175 Bl 52 4K, T2
ARFIIN] | 56 B85 T 48 J5E A5 4 ] DL R S DX 4 5, &R
FEEIE T 2 | N R D0 14 JEE 38 43 /INBR A T B b
1k, BN b R A R 4 5 RO RS A
frksg, ULIE 4,

1 SRRk

Figure 1 General state of each group rats
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R2 UK MEFAE (xs)
Table 2 Fasting blood glucose and weight of each group rats

12 A% 16 A
4y Bk (n) 12 weeks 16 weeks
Groups Amount 25 18 1A ( mmol/L) W (g) 73 [ 1% ( mmol /L) 1RTE (g)
FBG Weight FBG Weight
X4 Control 6 6.10+0.91 375.52+10. 89 5.73+0. 34 420.53+7. 85
FIRIZH Model 7 24.19+1.10* 429.66+16.74 " 24.71+1.89* 438.71+18.93
A AL SQW 7 23.24+1.54" 440.73+20. 86 18.17+1.58** 497.40+24.27 **
U SAIREARLL, " P<0.05; SR, *P<0.05,

Note. Compared with control group, * P<0.05. Compared with model group, *P<0. 05.

TE: SRR, * P<0.05; SEIRILIMLL, "P<0.05,
2 RS MAEAARE (x£5)
Note. Compared with control group, * P<0.05. Compared with model group, *P<0. 05.

Figure 2 Comparison of fasting blood glucose and weight of each group rats

F3 SRR 24 h R F A (3£5, mg/mL)

Table 3 24 hour urinary microalbumin of each group rats

54 Kokt (n) 16 i
Groups Amount 16 weeks
Xt R4 Control 7 59.45+21.45
FEAIZH Model 8 114.29+47.79"
5S4 SQW 8 67.20+23.23%
T SXHHRAMLE, * P<0.05; SHERI4IMILL, P <0.05.

Note. Compared with control group, *P<0.05. Compared with model
group, *P<0.05.

2.5 Real-time PCR # il X & 'S 2 £ GRP78,
PERK .elF20., ATF4 mRNA K%K F

SRR HARE R 5 9 Bk S R4, 51
Ve, g s,

T SXTIRAAMLL, * P<0.05; SHEEI4 ML, *P<0.05,
B3 H4KR 24 h JRIYEHHE A (345, mg/mL)
Note. Compared with control group, *P<0.05. Compared with

model group, *P<0.05.

16 JAIBBAUZH GRP78 mRNA ik I 2 5 T XF Figure 3 Comparison of 24 h urinary
HEZH s Il%‘%jbéﬂﬁ %’ﬂf& ?E“Q@ﬁﬂ(F <0. 05) ° *ﬁﬂzﬂ microalbumin of each group rats

PERK mRNA 3k i 35 T % AL, B SO B %

I T B 20 B R AI (P<0.05) . BEHIZH elF2a  FA LI 225 (P>0.05) , B4 38 i T % R 4
mRNA FEih 3 5 T IRAL, B AL R ] (P<0.05) ,iX P Z H T 8 22 5 (P>0.05) . L
WREML(P<0.05) . BERIAFIE S IL ATF4 mRNA K&l 6,
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T Ok B/ ERIAS s SR T Sk B /NS R O E

B4 SARRFHN

Note. Blue arrows, Glomerular pathological changes. Green arrows, Tubular and interstitial pathological changes.

Figure 4 Kidney histopathology of each group rats

B 5 & BRIy iz
Figure 5 Primer amplification curve of each target gene

2.6 Western blot # il X R & 4H 42 GRP78,
PERK . elF2a 1 ATF4 & B Rk K F

25 R WK, 16 JA % B L A 2 K RCE 4 A
GRP78 .PERK .elF2a il ATF4 B4 (k) B & 5
T RE A, B AR 2 A R ) e 2 R AR (P <
0.05), W7,

3 it

DR ™ H A T NSRS B Y B B 2 —
DKD J2& Hfg EEREMEIF A AEZ —, AT, fE 4Bk

T SXTERLIMIEL, T P<0.05; SRR, *P<0. 05,

B6 4 ARREHL ERS AHXFF mRNA %Kik
Note. Compared with control group, “P<0.05. Compared with
model group, *P<0.05.

Figure 6 mRNA expression of ERS related factors in

each group rats’ kidney

JEH, GHEZR W IEBH (end-stage renal disease ,
ESRD) &4 W JE K FB, DKD 5 30% ~ 50% ; ifii 76 F&
5 i 4F ESRD &A1 3 2% K & DKD)
DKD AU 3 7 K B 1 B A fg B 7 A 26 7™ B
f& W IR Y 2 5% & i Rk T E s, it
AL R 5K DKD BT B3R 97 J7 v LB OG
HEL,

kA A B - T /MBS T I KR T
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L SRHRAMIL, * P<0.05; SHAIHAMLL, *P<0.05,

7 FHKRBEHL ERS AN TEHRA

Note. Compared with control group, * P<0.05. Compared with model group, *P<0. 05.

Figure 7 Protein expression of ERS related factors in each group rats’ kidney

BRI BT, MER Z, Pk — sk Ml —
SEUEAREZ BAOUNE 2R BT 2N T
IRIF A AR S Z W B AR ROCR . AL
P RRE S NN T ST o o A /S E S E N
BB SR T, w255 1 2R B B RN
MR He T lm R RS B SHLIARYT DKD /Y
SRR, AT LA B JE S RS | TR R
HG SEREIR , A, BR AR 25 1 ) 2 2%
B IREHEATHERIE

Zucker 8 R 955 B BE K R (zucker diabetes fatty,
ZDF) 2 —FHi Ay [ Kk 2 BB R s Al )
N T 2 BUOBE R B I RAE T p Y 3R
TR SE 5 oML B S AT D)W R RGBS ZDF
KRETEBNIR 2 | B A2 R IR & 255 — Ok
A, T BB B IS R K-, il B ZH 2 PAS
Masson Fl PAM-HE %% €8 & L5 < L BE 18 Jak 54 R
i ZDF KB 3 5 /NER B 40 A8 5K 78 IR A ek
2 FLE/INBRBE AN KL D0) 385 J5E | 2% 40 J 3 A4 5 /N
BRIAE , Vol B () L 2T Ak 4L 2 A N /N SR

DKD AE g bR i & AH 5 Y 22 18 AT PR 50
TEEDIRE S |, 2 IR B FROT IR BE S
PR B AR RN B Dy fig W 1 B8 T LT O A
T g 2 I A AR X T2 DKD A :EAME
FATHE 16 Ji# ZDF K5 24 h JRAR HEE FAI A&
PR, AR ZH PR i AR KO B T IR R
7 ZDF JCER MY B S 40, T IR Y AL v
J& PRI AR K F- B R R AR, 255 TR 4¢3
B SR T R B | 23 I 7K - LA B A5 A

HBA BT , AL S AU TR IR ZDF KR
B B —EER,
A R ( endoplasmic reticulum, ER) TEHEH T,
BRI DL R A M AR S MG S5 il &
SEHEE T, LI REZSELA ERS &A= 54 205
WA ALEERE RS . M &R ERS B IR ITE
BCRITE S U U R4 AR R OB A B
( glucose-regulated protein, GRP ) 78 4§ & ik i 1 &7,
PR A Ok 22 N EOIRAS . P LB g R R
I ERS & A By bR B8 A, GRP78 A8 i RpfE 3%
ERS & A4:'°1 ) WFgT £ W1 2 BB IR 9w N B B
GRP78 ,ATF6 &5 P4 J5 I I b o 2 11 2R3k A 14
$271 ERS Al eSSl bR A A & e, H3E 5 ERS /]
A S 0 B L 0 o B ok e R R v
ZIRENS I T B A ERS RFEIRITEN . AR
20 SCHT B9 SE IR R I 2 RUHE PR /N L B ERS #
3% ,GRP78 . PERK I elF2a %5 AH 56 A 1 3% 1A Y 1
i, b 2 a8 32 R A m G R A G B TR A
L ERS RIS B AR AT — A T
B2 A5 F] e o 2 I ERS /Y PERK-elF2a-
ATF4 30 B PR ZDF K S 1% o s ft v & 2k
B A B TR
DL S 56 45 4R WoR LA 4] ZDF K BB 440
GRP78 KL N i 38 34 5 T X R AH , SRR A A 241
KEKEA: ERS, 0B SR BUE 4140 ERS W15 3]
Gt A SLYR R 2 BUBE NG B0 ERS 2 R 23
51 PERK (ATF4 FRiA38 58, 25 7] LT 8 AH G &R
Pk, 0 PERK 38 %, ik 5 3R AT A9 45 S A1
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5o FRAT S 55 A I 2 AR AL K B 41 41 PERK,
ell20  ATF4 Y2 PR RN A 11 3R 38 7 00 B 40 1 35 1
hn, B R GUH K BB 4140 PERK  elF2a0, ATF4 14
HAFRBKE Y B R R X R B E AL g
W I PERK-elF20-ATF4 {5 53 1% 2% fi i i
ZDF KB 1 fF J ok 7% vh iy & A2 1% ERS 51 1)
it

g5 bR AT SE 5 AR B B SO AT I TR
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