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W E B AR TRARMITH R 5T B R AR K VR B4 09 B AR A, SFRIT T R a9 PR A ALl . ik B Wistar K &
FEAUA A7 B 40 AL 20 Fo T JeARML VT 45 40, 2010 R AR A 4 Au I FeARAL 7T 45 1 2 K B3 MRS 7] = 4 6 mg/kg 091 & 4,
H LA 21 d IR B iR A AR AL NG 22 KR TR T 45 5 4A R S B 712 4 8 mg/kg 49 244y, Bl By B4 4l e A2 AV 40 K R
BETHRIBK, BREB IR, HFRAEEL6d, E2845108, RRAHE 2R, NI AMRKA L EFEG(ALB) L&Y
(TP) = B (CH) & & Heit Z (UAE) K- 5 R R 52 BF € & 3 & B sk X R (RT-PCR) % F= Western blot i3 46| I 28 22 P B 3 B4
FAE @ (AMPK) LB A5 BB B F L(SIRTL) (A% 45 % B FxB(NF-xB) mRNA Z & & ey LK, &R 5 EFHL
A, B 20 K A ALB . TP K F A & AMPK , SIRT1 mRNA #Fo % & £ i& K34 8 B 4% (P<0.01 & P<<0.001) ,CH ,UAE K F A &
NF-kB mRNA Fo & & & i& K -F 3B 8.3 (P<0.05 % P<0.01 3% P<<0.001), LA 40 pbdx , I 364X 47T 45 15 48 K R ALB . TP /K
A % AMPK . SIRT1 mRNA #= 3 & 4 ik K -F 34 90 2 3 hm (P<0.05 3, P<<0.01 & P<<0.001) ,CH.UAE 7K -F v, & NF-kB mRNA F=
B8 R AR F A BB (P<0.05 % P<0.01 3% P<0.001), Z:#: M3 R4 iT45 H LA A 25 E Fom 4 A AR AR K R B Hids 69
AR, FAF A AULH 7T 485 £ 8 AMPK  SIRT1 £k = F 3 NF-kB £ A A %,
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Study on Improvement Effects of Atorvastatin Calcium Tablets on Renal Injury in Nephrotic Syndrome
Model Rats and Its Mechanisms

SHEN Xianmin, CHENG lJin, LIU Heng (Dept. of Pharmacy, Xiangyang Central Hospital/the Affiliated Hospital
of Hubei University of Arts and Science, Hubei Xiangyang 441021, China)

ABSTRACT OBJECTIVE: To study the improvement effects of Atorvastatin calcium tablets on renal injury in nephrotic
syndrome model rats, and to explore its possible mechanism. METHODS: Wistar rats were randomly divided into normal group,
model group and Atorvastatin calcium tablets group, with 10 rats in each group. Model group and Atorvastatin calcium tablets
group rats were given adriamycin 6 mg/kg intravenously for consecutive 21 d to induce nephrotic syndrome model. Since 22th day,
Atorvastatin calcium tablets group was given drug 8 mg/kg intragastrically while normal group and model group rats were given
equal amount of distilled water intragastrically, once a day, consecutive 6 days every week, for consecutive 10 weeks. At the
second day after last medication, the plasma levels of albumin (ALB), total protein (TP), cholesterol (CH) , urine albumin
excretion rate (UAE) were determined in each group. RP-PCR and Western blot assay were used to detect mRNA and protein
expression of AMP-activated protein kinase (AMPK) , silent information regulator 1 (SIRT1) and nuclear factor kB (NF-kB) in
liver tissue. RESULTS: Compared with normal group, the levels of ALB and TP, mRNA and protein expression of AMPK and
SIRT1 were decreased significantly in model group (P<<0.01 or P<<0.001), while the levels of CH and UAE, mRNA and protein
expression of NF-kB were increased significantly (P<<0.05 or P<<0.01 or P<<0.001). Compared with model group, the levels of
ALB and TP, mRNA and protein expression of AMPK and SIRT1 were increased significantly in Atorvastatin calcium tablets group
(P<<0.05 or P<<0.01 or P<<0.001), while the levels of CH and UAE, mRNA and protein expression of NF-kB were decreased
significantly (P<<0.05 or P<<0.01 or P<<0.001). CONCLUSIONS: Atorvastatin calcium tablets has significant improvement effect
on the renal injury of nephritic syndrome model rats, the mechanism of which may be associated with up-regulating the expression
of AMPK and SIRT1 and down-regulating the expression of NF-«kB.
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EAHNE B MBI LE AR . B S5 A AE 8 P b R
Y AR B AR FEVE I AORE R B SR A i 3L,
AT B B B, A SOk &R SE, R 4
BRI &S R R T2 DA 6 BT RS 1L 2R 11 ity
(AMPK) /T B A B U8 15 [ - 1 (SIRT 1) /42 5% 5% K ¥« B
(NF-kB) iX 2515 51 5 XF 9 i PR A R 4 HLA J LA
FAE, BAIFC AT TS Al B 5 38R , 22 v iR
i LR AN 780 v G I A 37 A R e 9 R A AL
WIBG . ARFFE R, BRI T45 7% B 2R A Akt
A R AR R, 3 B i A B2 A R
Jig ST AR 5 DL B A R A B O S B i (HE L
PRIV FRILT o AN B o AR5 ) F BT 8 25 A il 5
ZEAE R BT | 58 BTG A T 45 1 X B 2% A AiE A
AR B s/ FH DL 5 AMPKY/SIRT 1/ NF-«B {5 51
FEAFSCBLHIAIE ST , LA A I R FH BTG AR A T 45 F- 36
I7 B LA MRS IR R

1
L1 %8R

2700 I 5845 Wi 20 5% (PCR) A [FEER Rt /R B
(HPEDA PR A5 1-16K gL (8 = P A 3D A Al )
DZY-212 B 3k .DZY-ZZY B B A (b 50 7S — X 2%
J ) 57600-020 4> { s AE AL (HAS H S A ] o
1.2 Z@mSikH

WA AR ER LR (ZRLENAWER, HA
HNG I 2 bk 2kt 415 20180105, HLKS : 10 mg) ; F[4E
AT TES 7 O S il 2547 FR 23 w5 : 128972, #LA : 20
mg) ; S % 53858 & L PCR & 5] Premix Taq. 55 B 5 &
(RT)-PCRAIXF G380 A A T A TR (A ) e AT PR
ol SEPUR PR A SR (DAB) YL il 340 A b
SR SRR A AR A BR S | Gl g-WL8h 2 11 (B-ac-
tin) B g BE PR (BRI A8 A 9 TREAT BN A 5 S Ui
AMPK £ TElEHA (2 Abcam /A 7] ) ; %2l SIRT1 £ 7
PEPUIAR (bt B AR A W ARG BR A A 5 Sl NF-xB £
seEPUIAR (32 [E Santa Cruz 23 F]) ; BT A 51 9352R ] Prim-
er 6.0 AT, fAE T AR TR () B0 A BR S )
Ao
1.3 zh#

30 H Wistar K, & , /451 2 200 g, 6 A i, 14 H
2GR R 2E SR S s, SRR Bh W A PR A AR RS R
SCKX(75)2018-0010 , A< 5256 i A #AF Fo 38 <7 v [ 25 )
KEFSLIO S IE R Py A BR
2 Ak
2.1 DHE5%Y

R FRBE ML o0 IE 4 BEFR 2 BT FC AR At 7T 45 F
A, B4 10 L, AR L BRI FE AR A 7T 45 A 41K SR
F i 5 70 R 6 mg/kg RYBMTEE R, BER A2 1R, %
ZE425 21 d SIS LE GRS 22 T EFTHE At

HHEEZG 2019 4F5 30 B4 3

TTHS i K B 15 57 8 mag/kg Y BTHEAR ARV T 45 o,
(] B 1E RIS Y 2 R B S A R 2R IR K FER 452 1
W, RS2 6 d, L5210 8,
2.2 IM3EAENIEFRIARK R E B HE it R A NE

RIRGZH 2 K, KERESE 12 h 5 PR i, A
10% K A G I Jes R i, 200 35 Bh kR L, 28 F v i 2%
VRK TR JE B9 4 mL B0, R 4 B s A A0
HArm 3 (8 f (ALB) B & 1 (TB) JHEEE (CH) &
i IR KRR IR S 245 12 h 5 B9 PRUE , 221K
£ 12 h, R A D i o M L R & 1 & R
PREE 1 HE 3 (UAE)
2.3 RT-PCRE# NS 4H 28 i AMPK , SIRT1,NF-kB
mRNA ik

K Trizol L2 BUE 140 2 RNA, 2.5 pg & RNA
FUe s B cDNA 55 —4i , i T PCRY 1S . 93 L[4
A4 T i 4 -3- 1 R 6 =1 (GAPDH) , AMPK , SIRT1,
NF-kB, PCR & 4514 : 94 C 1A ¥ 3 min, 94 °C A8 14
305,55 CiEk 30s,72 CHEMH 30 s, 32 MGG 72 CHE
15 min, 4 CH-AF. PCR=HIL: 3% B REHEEEIE HL K 43
B, IF I FHEEIE AR R G531, UL H A KBRS
N2 GAPDH WK A 2 22 7R B % 5 B8] 0 A+ 0 ¢ 38
e BIYIFEA SR E R L,

xR1 SIWFEISFEMKE

Tab 1 Primer sequence and product length

KR 5141F5I(5'-3') I EE bp

GAPDH F-§if: GGCCAGTCAAGCTGAGAATG 123
Tl : ATGGTGTGAAGACGCCAGA

AMPK % TGGAGCCTGGTATGAGGATCTG 145
i GAGGTGCTTGTGACCTCGCTG

SIRTI F-§if : TCAGCCACCGTAACAATCAAG 158
T : TCCAGTCAGATAAATGTACCCAGA

NF-k B ii: CCTGGAAACAAAACGGAACATG 190

T : AAAGGCTTGGGCGAACTGAA

2.4  Western blot i% # il ‘& 28 &1 1 AMPK. SIRT1,
NF-xB EEH &KX

FH RIPA 24 W - % H LR 9 960 (PMISF) (1: 100) ¥R
BRI BOR R AL E ARG, T e iR
- B TN M5 TRk G T8 1 (SDS-PAGE ) HL UK 43 55, 5 5t , 4353
PUG Y5 B-actin BT B HTA (1:500) F il AMPK £ v [
PR (1:1000) A SIRT1 £ saEdiiA (1:1 000) Ak
NF-kB Z 7B (1:800) A—HF & 7%, FFLASEST
G4 (1:10 000) , ¥ IRWFF 1.5 h, TBST 28 rh il 5 Uk
15 min Ji7 , R A2 KOG 8 6 R 50 8 S, 1] Tm-
age J M1 H AR 115 8 2 B-actin 11 LIEPEA H AR
E MBI
2.5 FitFHE

K SPSS 12.0 8ot il I R DA x + 5 %
7N, I FL BSR40 . P<<0.05 36 22 548 G it 24
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3 &#HR
3.1 I#ENIEFRF UAE

IR A O BRI R B % o ALB TP 75 i B
AR (P<<0.001) , CH % & 1 UAE W] & Ft & (P<
0.001), SHAYLE LA, BTG AT 45 2 K B il 5
ALB . TP & it B .+ (P<<0.01 8 P<0.001) , CH % #:
FUAE B B F#IL(P<<0.01 5{ P<<0.001) . £ Fi 2%
HALTEPRFTUAE R E SR AR 2.
F2 BHAKRBRMRENERMUAENNELE R (x £

s,n=10)
Tab 2 Results of plasma biochemical indicators and
UAE of rats in each group(x*s,n=10)

it ALB,g/L TP,g/L CH,mmol/L  UAE, pg/min
ikl 37214321 7051494 1484032 3644052
TR 1070£2.57  3083+£5747° 8234230 50364217
PEHERMITE R4 2651148 553246417 4731587 30242133

TG IE R LR, " P<0.001; SHERILL AL, "P<0.01,"P<
0.001

Note: vs. normal group, ***P<<0.001; vs. model group, “P<<0.01,
#P<0.001

3.2 '&4H40th AMPK . .SIRT1 .NF-kB mRNA Kix

HIE® A i, A4 K R 4120% , AMPK Fil
SIRT1 mRNA #H Xt %% ik & B 2 &I (P<<0.01) , NF-xB
mRNA Xt 2 1A 7 B 5 48 i (P<<0.05) . SAEAIL] Hb
A BTFEAR AR TT 45 A 20 K BUE 4120, AMPK Fil SIRT1
mRNA FH X & 3k 5 B 35 /i (P<<0.05) , NF-kB mRNA
AT 28 35 1 B B AR (P<<0.05) o 4% 2H K BB 2 41
AMPK ,SIRT1 NF-kB mRNA &k ) o, ik [ DL I 1, 0 2
G 3,

AMPK

SIRT1

NF-xB

GAPDH

4L g
1 BFHEKXREHLAH AMPK SIRT1 NF-kB mRNA
RIAHY K E
Fig 1 Electrophorogram of mRNA expression of
AMPK, SIRT1 and NF-kB in renal tissue of
rats in each group

B HE AtV T 45 1 4

3.3 'Z4H40th AMPK .SIRT1 . NF-kBEHRKIE

5 IE R A i, A K BV 4 4, AMPK FI
SIRT1 £ [ 3RE AR F#L (P<<0.01) ,NF-xB #[15&
IR KB B 38 (P<<0.01) . SAEIA] L, Bl 4T 1A
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x3 HAKRBMHALAHAMPK SIRT1 NF-kB mRNA
FRIEMMELER (x£s,n=10)

Tab 3 Results of mRNA expression of AMPK, SIRT1

and NF-k B in renal tissues of rats in each

group(xts,n=10)

2]15’;'] AMPK/GAPDH SIRT1/GAPDH NEF-k B/GAPDH
X il 0.37+0.02 0.86+0.02 0.63£0.01
PRI 0.28+0.04" 0.65+0.03 1.10£0.06"

B AR AT 4 0.42£0.03° 0.76.0.04" 0.85+0.04°

IR AL AL, P<0.05, " *P<<0.01; SHIAIZ [hEE,"P<<0.05
Note: vs. normal group, “P<<0.05, * *P<<0.01; vs. model group,
“P<<0.05

TT45 Fr 41K BUE 4H 40, AMPK F1 SIRT1 75 [ #2 ik 7K
B @ 34 (P<<0.05) , NF-kB 25 [ 2% 1% /K °F B & [ A%
(P<<0.05) . £ 4 KM 'E 42! H AMPK,SIRT1 NF-xB
mRNA [ AP DL 2, e 25 R L3 4.

AMPK o M, — —

P-actin

IEHUL i

BTFEARALTTHS 141
B2 ‘BAKREHALHAMPK SIRT1 NF-kB EHF
YRRk E
Fig 2 Electrophorogram of protein expression of
AMPK, SIRT1 and NF-kB in renal tissues of
rats in each group

F4 BAKXREALAF AMPK SIRT1 NF-kB EA R
EHMEL R (x+5,n=10)
Tab 4 Results of protein expression of AMPK, SIRT1

and NF-kB in renal tissues of rats in each group

(xxs5,n=10)
Eibl] AMPK/f-actin SIRT1/p-actin NE- k B/f-actin
il 0.87+0.02 0.96+0.22 0.5340.15
T 0.780.04* 0.55+0.13 0.95+0.04"
BT AT T A 41 0.82£0.03* 0.76.+0.04° 0.80£0.06"

TSI AL AR, P<0.01; SHERIAL HAS,"P<0.05

Note: vs. normal group, “*P<<0.01; vs. model group,’P<<0.05
4 g

AMPK {5 53 2 — R R (5 5812 , AMPK AH G

5530 BEAE ST Y & R AR SR rh e A B A ™,
W5 2], AMPK #1307 SIRT1 1 LIRS 5 )
W 3 Ay (PPAR ) 3L [ 1 1a(PGC-1a) FE 4%, 4
il NF-«B g RSE IR Fo( TNF-o) % 2 Fh 405 2K 1 1976
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P, DT R AE A & A= LR JEEE Y, NF-kB 2 I FLsh )

PR IN S ARG S 1, S5 LR B8 S E S A5G , NF -« B

I B SRR B R S S AR R DA G, BTHE R

b TT 55 e T Y T A = B Sl K ok A A AL | B AT I

JE BrO AR R AN, I SRR B ST AR R A E

22 R WY, BTFE A Ath VT 85 R 3 AT A R0k 36 HLAA 9 i g 7K

U X B e £ E FR A A I AR K PR AR G B RS A

FHU, AT A B £ B E A FIDRAS  (ER AR A B

i W AN B A o ] PN AN AR DG SCHR A BTG A TT 85

YERIALH 5 AMPK A 5 09 RAE 0915 5 8 UIAH G Sk

T AT BT T 45 F (8 mg/kg)HE B IRYT

Wi L5 A AR ALY B, 10 J8] 5 A6 G ifn 3% AE Ak 45 Fr A

UAE, Jf-3# i RT-PCR F Western blot 4611 55 2H K fU

Z141rft AMPK ,SIRT1 NF-kB mRNA ¢ H# 1) %3k .

WFREE AL I, BTFEARARTT 55 A e i e B 25 G Ak

RREHAL A B I3 2B AL 56 b5 A UAE, 347 AMPK , SIRT1 |

NF-kB mRNA FI2E #9215 BA 11

25 BRI BB AR T 85  HAT W s B 2n S

AR AL TR R B 45 A B A D, A T RIL AR AT RE 5 9

AMPK ,SIRT1 A F1 F I NF-«B £ kA 56, HiE TA

WFFEBTFE AT TS e R T — DRI, Hah WA

SHRUD R T SIS )50 A RS R A R

PP RIE
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