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[ ABSTRACT] Aim To observe the effect of putative receptor protein related to the angiotensin receptor AT1 (APJ)
agonist Apelin-13 on the hypertensive renal fibrosis and to explore the possible mechanism in spontaneously hypertensive rat
(SHR). Methods Male SHRs of 12 weeks old were randomly divided into control group and 1 pg/ (kg « d) Apelin-
13 group, 10 pg/ (kg + d) Apelin-13 group, 100 g/ (kg + d) Apelin-13 group. The rats were administrated with
Apelin-13 by tail vein for 12 weeks. 24 h urine protein was continuously measured. ~Serum creatinine and urea nitrogen
were measured. Systolic blood pressure (SBP) was continuously measured by tail method. Histological change of kidney
was observed by HE staining and Masson staining. The expressions of autophagy related protein microtubule-associated
protein light chain-3 (LC3), Beclin-1 and the autophagy substrates p62 in the kidney were determined by Western blot.
Results Compared with control group, SBP, 24 h urine protein, serum creatinine and urea nitrogen, renal injury score
and collagen volume fraction were significantly decreased in dose-dependent manner in 10 pg/ (kg « d) Apelin-13 group
and 100 pwg/ (kg + d) Apelin-13 group (all P<0.05). The edema of renal tubular epithelial cells was alleviated, the in-
terstitial collagen deposition was decreased, and the degree of renal interstitial fibrosis was decreased in 10 g/ (kg + d)
Apelin-13 group and 100 pg/ (kg + d) Apelin-13 group. Compared with control group, LC3- Il expression, LC3- I /LC3-
I ratio and Beclin-1 expression were singificantly increased and p62 expression was singificantly decreased in kidney in
dose-dependent manner in 10 pwg/ (kg + d) Apelin-13 group and 100 pe/ (kg « d) Apelin-13 group (all P<0.05).
Conclusion Apelin-13 inhibits the progression of hypertensive renal fibrosis, and its mechanism may be related to the in-

hibition of autophagy by Apelin-13.
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M AP Ko T R Z i A i AR i b AR A ES
5T AMAME A R S B L AR R A K
JEBYIRIE , Apelin J2 G 2 U HSI3Z 1A 1 A5 5%
K E Z K AT A 26 1) 32 1K 2 1 ( putative receptor
protein related to the angiotensin receptor ATI, APJ) Y]
FARBLAE' . Apelin/ AP FRGEAE W EA 12 (19
i, S ML AL O R BN AR HEAT UL WRE AT 1Y
B AL B 3K Apelin K 7B B A F1E % A
BEC S DILABEFE LSS AP HI5) Apelin-13 X
P AEAL RS, I DA 1 I Y £ BE 4R Apelin-
13 i K B 2T AL B

1 MEMTTIE

1.1 S

B & & i & K R ( spontaneously hypertensive
rat, SHR) g1 E AL 8 b L3 sh 4 oG 4R 12
JEl M R E 240420 ¢,
1.2 2y X FIFNLEE

Apelin-13(jtﬁ%ﬂk@&%ﬁ%&ﬁﬁ@a ), R
. Beclin-1 % # < & @ 1 % 4 3 (microtubule-as-
sociated protein light chain-3,L.C3) ,p62 #1 B-actin —
T BT R AR T A B AR D F AR
#(Santa Cruz /27 ), RBP-1B & A R E K (#+ H
K REFHR) , EER RN S HERA(E
Hoefer A ) ,CK2 & #| & % 4% % ( H & Olympus
UNEIDIN
1.3 SRS A

SHR K REMMEFR 1 EAG N4 4,54 10
R, 1.10.100 pg/ (kg + d) Apelin-13 4. & B & #
FiE ST %4 F 1.10.100 we/ (kg - d) Apelin-13, 4 3#
RAHEA. AR BRTRBREAFEREES
K AE12E, REFEERF 4~6 A, 0 KR RH
FHB24h RK, EmFELK, BEARTAR, F
RERFF 12 h KR E K 22C+3C,
1.4 HAEH

BREANERE, RERERELGHNE, &3
FXRAERFNERD k% E, BLRHESF3
JI BB 24 h JRoaR, K R 48 Bk & A 24 h R & B
., 12 B Ja, %A 0.4% % B b 40 4% 50 mg/kg &

FERBEESREAR, ZMAL S RIEE, 5
mL, 2 B M7, A& B 3 £ 4 1L 94T PO E o AL
B A Jx % AKF, o 4L Ao K B, R 8 O E
FIE, — M BN TR R R, AR N -80C vk A
WA 7 — B BEAN 10% ¥ H B o B e
1.5 HE Zf&EF0 Masson

EEE i B AL MEE, R, 2R #4T HE
Jete f1 Masson 2, s TWENFHE, XA
Image Pro Plus 6.0 E & 27 #k 45 X E & 34T 247,
HE %647 b 471 B %5 4 0 B 4 34T B/~ 2k B 18]
FHRGHEEET L, T ERGHFHRELD,
Masson % Y1 Fr 78 200 % A1 B FE AT W 25, T 4 X 3
KRR, W E KRR AR E R A EGEEAR, T
B B K AR 4 %% (collagen volume fraction, CVF) |
CVF = i R L AR T AR/ 5 % 8 R x100%
1.6  Western blot &l

RE B AR, TR ANE, R EESE MANEA
REW R EEA, BCA EMNEHANE A
WE, B A FEARTE 2xSDS K R An B G e R P &
SDS-PAGE 2 & & &, Al + T #ES K & g % % 3|
Z A % L ¥ (polyvinyl fluoride, PVDF) £, 5% Jit A5
F4E if TEH PVDF 2 h, An A\ &40 & Beclin-1
(1:300)  LC3(1 :200).p62(1 :300) f1 B-actin
(1:400) 4 —%40,4°C 1R, N A 4 B
FRIBH Z4,4°C THE 4 h, &G &R AN
RAGHRETX LR, 288 285, BRERS
D Wi R G S i
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2.1 Apelin-13 X35 ML & K BR Y0 48 £ B9 5 1
TESCHGS 3 J8,100 we/ (kg - d) Apelin-13 20K
SR A e 5 6T R 2 bl il 25 IR (P<0.05) 5 7E S5 5%
55 6.9 112 J&,10 we/ (kg - d) Apelin-13 24,100
pe/ (kg + d) Apelin-13 2H K BRI 46 e 5 % BE4H 1
pe/ (kg + d) Apelin-13 2 HLE ¥ B R IK (3 P<
0.05), TESCIGES 12 Jﬁ, 100 pg/ (kg -+ d) Apelin-13
AR RS 10 e/ (kg - d) Apelin-13 41 %
i FRR (P<0.05) , Apelin-13 X Kk BRI 45 1 5%
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% 1. Apelin-13 335 I E X RIS ERI M (n=10,mmHg)

Table 1. Efffect of Apelin-13 on the systolic blood pressure of hypertensive rats (n=10,mmHg)

| 0 J& 3 JH

6 & 9 JA 12 J&

AT HEZH

1 we/ (kg + d) Apelin-13 2H
10 pg/ (kg « d) Apelin-13 21
100 pg/ (kg - d) Apelin-13 4

169.63+15.84
171.32+£21.37
167.85+17.96
172.34+15.82

186.64+16.74
184.43+15.93
182.63+21.63
178.64+17.94*

198.85+18.25 213.62+18.35 231.84+19.26
195.13+17.51 208.41+19.17 221.42+18.34
185.43£22.81"  187.33x15.97"  184.42+16.72"
180.72£18.62"  181.53+18.03"  172.85+20.15"™

a i P<0.05, 5% BB4L L4 ;b P<0.05, 5 1 pg/ (kg - d) Apelin-13 248 ;¢ o P<0.05,5 10 pg/ (kg - d) Apelin-13 4145,

2.2 Apelin-13 375 I E X FR B BETH 88 B 54 1
SEEGEE 3 JE,100 pe/ (kg - d) Apelin-13 2H 24 h J&
HE 0 IR R i E FRIR (P<0.05) 5 525055 6.9,
12 J8,10 pg/ (kg - d) Apelin-13 24,100 pe/ (kg - d)
Apelin-13 41 24 h JREF 25X 1 g/ (kg - d)
Apelin-13 21 L) bl 2 FEAR (3 P<0.05) 5 SEHG 4R
12 J&,100 wg/ (kg + d) Apelin-13 20 24 h JR&EH &
510 wg/ (kg - d) Apelin-13 £ Fo A5 i F AR (P<
0.05) . Apelin-13 X K5 24 h JREEH & A9 5200 2 8

£ 2. Apelin-13 XS MEKR 24 h REEEHIZM (n=10,mg)

FIEAREPE(R 2) .

S 12 JEE , SRR ML s R SUALYE LT AR
ERKFE, SXHEL 1 pg/ (kg - d) Apelin-13 21t
B,10 e/ (kg + d) Apelin-13 244,100 pg/ (kg - d)
Apelin-13 ZH M35 AL AR 2 BUKF-34  2EBEAR (34 P
<0.05) ;100 pg/ (kg + d) Apelin-13 ZH IfIL775 HILEFFIAR
ZRKF 10 pg/ (kg + d) Apelin-13 24 i FEAK
(P<0.05) , Apelin-13 X K B 1 5 WLEF AR 2 &K
ST 5 T S B AR (R 3)

Table 2. Effect of Apelin-13 on the level of 24 h urine protein of hypertensive rats (n=10,mg)

a4 0 J& 3 )4 6 4 9 J# 12 4

X B2 17.94+1.34 23.81+1.94 29.65+3.25 34.26+2.84 38.83+4.32
1 wg/ (kg - d) Apelin-13 £ 16.94£2.07 22.91+2.34 27.34£2.11 32.66+3.61 35.39+3.95
10 pg/ (kg - d) Apelin-13 44 18.71+1.52 21.52+3.14 22.87+2.29" 24.93+2.38" 25.14+1.84"
100 pg/ (kg - d) Apelin-13 £ 17.26+1.13 19.72£1.42° 20.77+1.75" 19.86+2.13" 18.34£2.07"

a N P<0.05, 5X%HRAL A ;b A P<0.05,5 1 pg/ (kg - d) Apelin-13 44 ; ¢ N P<0.05,5 10 pg/ (kg - d) Apelin-13 £ H %2,

% 3. Apelin-13 3175 L E K BR 1 75 ALEFF1 5K R &K FBIR20 (n=10)

Table 3. Effect of Apelin-13 on the levels of serum creatinine and urea nitrogen of hypertensive rats (n=10)

| WLEF ( mmol/L) JRE A (pmmol/L)
Xf B 2H 68.72+6.21 13.64+2.05
1 wg/ (kg - d) Apelin-13 £ 61.23+5.34 12.97+1.64
10 pg/ (kg + d) Apelin-13 24 42.81£5.16" 8.13+1.13"
100 pg/ (kg - d) Apelin-13 £ 29.73+2.04"" 6.48+0.86™

a N P<0.05, 5XHRAL A ;b A P<0.05,5 1 pg/ (kg - d) Apelin-13 448 ;c 8 P<0.05,5 10 pg/ (kg - d) Apelin-13 2 H %2,

2.3 Apelin-13 X3 & I1LE K R S A2 S L B30
HE Y2 3 R 6 BRZH BB IR /1N 3 ik 1)
PEREN R A AR AR B R ORI o AT A A
JRUREAE B /N B B A K i R B N S A
5] O 2T 4 40 M A= . Masson Je 025 R WoR |, B [H]
Jorpay LAY 8 R ST AR 5 VB A543 DT o3 1, £

fe LT AT AR AR R R AR, SO IR A LA, 10
pe/ (kg + d) Apelin-13 2H 100 pg/ (kg + d) Apelin-13
B IR/ NSl K AE BE ] (AR, AR T BT, T/ NER 2 A
TR, B /N b e AR K s, A ] R B NV
2451, ' 1) ST 4 4 sk /L 18] Jo Je it AR B i
A BRI BT AR I B (1), SR 1
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pe/ (kg + d) Apelin-13 2H [ 8, 10 pe/(kg - d)  Apelin-13 45 BESAGPES> R CVE 34 58 Z A% (3 P
<0.05) . Apelin-13 X' BE 151753 F1 CVE (452 )
BRI (K 4)

Apelin-13 ZH 100 ne/ (kg - d) Apelin-13 2H B EF A5
4> FI CVF 34 18 35 BEAR (3 P<0.05); 5 10
pe/ (kg + d) Apelin-13 4 %8, 100 pg/(kg - d)

1. Apelin-13 W HMEXRERAARSE

. : ¥

I (200 )
1 pg/ (kg + d) Apelin-13 2 .10 pg/ (kg + d) Apelin-13 21 100 pg/ (kg + d) Apelin-13 4,
Figure 1. Effect of Apelin-13 on the tissue morphology of kidney in hypertensive rats (200x)

EEh HE B4, 18l Masson B (4, 72 B A5 U Sy X HE4H

3 4. Apelin-13 X} 5 1 E K R & BEH 57551 CVF BRI (n=10)
Table 4. Effect of Apelin-13 on the renal injury score and CVF in hypertensive rats (n=10)

B WA 5 CVF(%)
a4 A
B /Ngsk /NG B /NER (RN
X HEZH 3.15+0.43 3.52+0.51 18.64+2.65 13.43+2.07
1 wg/ (kg + d) Apelin-13 41 3.12+0.35 3.47+0.41 17.38+2.03 12.65+1.86
10 pg/ (kg + d) Apelin-13 41 2.37+0.28" 2.86+3.12" 10.24+1.47" 6.81+0.79"

100 pe/ (kg + d) Apelin-13 21 2.03+0.27"

2.35+£0.22% 5.67+0.89" 3.26+0.51

a}j P<0.05, 5XF R4 L& ;b A P<0.05,5 1 pg/ (kg - d) Apelin-13 4] b4 ;¢ 8 P<0.05,5 10 pg/ (kg - d) Apelin-13 21 H3¢,

2.4 KEBRBHAELR 1LC3, Beclin-1 1 p62 TiXH
T

XA 1 pg/ (kg - d) Apelin-13 2H 14458, 10
pe/ (kg + d) Apelin-13 20 100 pg/ (kg « d) Apelin-
13 £ K BUB e ZH 2 Le3- 1T 3k f Le3- 1/LC3-
I HAH & Beclin-1 Fik¥ 8210 (¥ P<0.05) , 1
p62 Fik B EREAL(P<0.05), 5 10 wg/(kg + d)
Apelin-13 £ Fb 42,100 wg/ (kg - d) Apelin-13 41K
BB EZH 2 LC3- 1T ZRak A0 LC3- 11 /LC3- T LB M
Beclin-1 R340 238 Jin (#4 P<0.05) , 1fif p62 Fik
B EMAR(P<0.05) , Apelin-13 %} [ WEAH X H %
TR 2 ] S B AR (1R 2)

3 4 8

LT AEAL 2 v IR | RS B e B A Y R
I, BOE TR v 1 EE B R Il R AT
Al ™ i e NS R RE , — T T2 R T IR A
AP 5 — 7 TH S H AT B2 A 06T R S
AR 25 T I AR R R R AL
ST L 4 A SO Bl TR v L R AT A 1 T
RO B TR £E SR8, SHR /2 fH Okamoto 7E
1963 4 Wistar RS 7107 A 1Y, He e i e 1) &
AR AR Z AR B R AR 0 26 22 HAl Ay
N R e I ) BEAR Bl s A )3 T e I
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Figure 2. Effect of Apelin-13 on the expressions of Beclin-1, LC3 and p62 of kidney in hypertensive rats (n=10)

Apelin J& M4 H 5P hHE BN Z 1K, J& AP
IR PEBC IR, Apelin/AP] RETE & F LR
BRI E YA /01, Apelin/AP] R41 5 L F e 4
AN FZ B FEEMEIK R, 2 5 T Z2MasE
AR R A IS O WLEF 4R AL T IIE£F 2 Ak Fn
NELFHEALST . WESE & BLAMIEAE Apelin-13 X4 bRk
RO WLET AEA I A HAT S 4 T, AL AT g
50 TGF-B1/TRR/Smads 15 538 I i1k FE 106 A7
2 Apelin-13 it FEFE AL A K KT B1 (trans-
forming growth factor-B1, TGF-B1) M43k My I ¥4 3
Jo 4z A A1 T A 3R e R PR e 0 JULTR] BT 4T 4
B0 AN Apelin-13 Wi IE £ 3 Bk 46 75 125
(R B WILET 4 Ak, AL T T B8 30 Ao 3 75 56 7 45
NG 2/ 5 54 Jm A LRI G 1 RS R3A k) 40
AN A B R AT AR RS BT 1 2T
A Al B H K T Apelin (97K B B T 1IEH A

BES A R B I AT A AT B R A, o 2
(1) Apelin K25 B F T A A 'R R ET
ARWFFERYSEF B Apelin-13 U8/ T SHR "B 8] 5 i
LTYEAN Yol /D T T O SR O, AR T [ S £
AL FERE | BEAK T B R 453 17 43 1 CVF, 31X 3% B
Apelin-13 BEFN I = i M B AR A

I W2 — o A% 240 it £ e 7 v v BE AR ST 1Y
BILT , 76 WA 563 DR 1 18 42 T F1) D 7 Tl A 2 i 4
MK 5 8 A BT 2 B A A AR A, L3
1l Beclin-1 & H MR AR PR 1, LC3 5] & i— 1
KA PRI 2 B FTR LC3, (H 7 BBk Ared 2L, 77
A R ) A M PO R Ak LC3- 1, BEE
Atg7 BIHEAL T B2 B A193 MI45 4, LC3- 1 FIEE Y
JESTE i VB P Tk < e AR EAE ™ AR T LC3- 1,
KR LC3- 11 14 AH X 5 S B T W4 1) & £, LC3-
I/LC3- T #H T A WA MRIL, p62 j& [ Wik
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TEREA AL KA R R AR 1 K SR AT i
PR AL KA, AW JE AT TGF-B A9 AT
B 27 2 Ak T8 BT AR A Y A5 R R
Apelin-13 34111 SHR B E£H 20 () 1.C3- 1T A9 3k Al
LC3-11/LC3- T M Al S Beclin-1 (3535, B MK SHR
BHEHZ T p62 BYFRIE, XELE R U] Apelin-13
AEAMH] SHR B L0 20 rh 40 [ W Y /KO, 3X 1T B
Apelin-13 #0752 4 AL L] 2006 0 78 45 4L
il a5 2, ¥ K BN TR A A AR O B AR e AL
P 3 et Tl AR 305 T 10 2 P A R BE T A 5
S50 T, (A LR A A FR ik — 2
HIFST

B2 RIS T AP &7 Apelin-13
FEA ] A L I v 5 4 A ey ot i, LAIL ) T g
5 Apelin-13 P04 [ WA %, FRATAOAFSE R
LFYEAL R IR B T I SR s I
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