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Abstract: This project was designed to investigate the role of angiotensin converting enzyme 2 (ACE2) in the diabetic renal injury by
observing the expression of ACE2 in the kidney and the level of angiotensin II (Angll) in the circulatory system and kidney tissue of
rats with diabetes. SD rats were randomly divided into control group and diabetes group. Diabetic nephropathy model was established
by i.p. injection of streptozotocin (STZ). The rats were sacrificed separately on the 15th or 30th day after STZ injection. Biochemical
parameters including blood glucose and renal function were examined. The expression of ACE2 in the kidney was detected by real-
time PCR and Western blot. The contents of Angll in plasma and kidney were detected by radioimmunoassay. The results are as
follows: (1) 4872 h after STZ injection, the rats showed polyuria, polydipsia and their activity reduced. (2) Blood glucose levels were
4.9-6.5 mmol/L in the control rats, 14.0-17.5 mmol/L in the diabetes group rats on the 15th day, and higher than 24 mmol/L in the

diabetes group rats on the 30th day; (3) There was a significant increase of urine glucose level (P < 0.05), and a slight but not signifi-
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cant increase of urine protein level (P > 0.05) in the diabetes group on the 15th day; On the 30th day, the levels of urine glucose and

urine protein were significantly higher than those in the control group (P < 0.01); (4) Compared with the control group, the expression
of ACE2 mRNA was slightly increased (P > 0.05), and the expression of ACE2 protein was significantly increased (P < 0.05) in the
rats of diabetic model group on the 15th day; however, on the 30th day, ACE2 mRNA expression in the rats of diabetic model group

was significantly lower than the control group (P < 0.05), and the expression of ACE2 protein was slightly lower than the con-

trol group (P = 0.0718). (5) Compared with the control group, the levels of Angll in plasma and kidney of the diabetic rats increased
slightly on the 15th day (P > 0.05); while the AnglI levels in diabetic model group rats were significantly higher (P < 0.05) than that in

control rats on the 30th day. These results suggest that ACE2 plays a positive role in the protection against the pathogenesis of early

renal damage. ACE2 expression is reduced gradually with the deepened degree of diabetic kidney damage, leading to the accumula-

tion of Angll in the kidney, thereby increasing the renal injury.

Key words: diabetes; renal injury; angiotensin converting enzyme 2; expression changes; Angll
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55 TR PR R BRI ARARL, 2 B I Rk SR Ak
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L1 EFERAFFMIE  STZ W H L ME Sigma 2w
2B O E R PR A N ) S B R
A TREA R 5 TRIzol 3 & 1/ 5N 2B
WIRIBAE AT M-MLV i sl T Sigma 2%
w5 6 x SDS protein loading buffer 2 Tris buffer
solution I T-Fg U A= XM AW s PCR 514 Lifg
PR WA TR 7 & s Ang THBUR S22 12877
T A AT AE BRI Tl s %k
#L ( #ij = Polytron PT1200CL) ; Miklro-22R 5 % 1%
i B0 HL (75 [E Andreas Hettich GMBhS CO. KG) ;
% 182 v & I =AY (4% [E Eppendorf Biophotomter) ;
PCR {¥ (Gene Amp PCR System 9600) ; Power pac300
HEL VKA A2 T8 843 (3% [F BIO-RAD) ; EPSON 1
1% (EPSON Perfection V500 Photo).

1.2 £z Sprague-Dawley (SD) # I'F K i,
AT 200~220 g, FHZR K22 SR IR AP oo Ak [ 5k
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BEASCIN 5 B A S50 K UK 2 I (258 8 h) IR K-
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BAERFARF UL PR T . L N AKX - JRBE =
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IREHNAERE . & FEGI RNA 2 ng, 7E 25 pL AR Rt
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R, B BRI EARA R AT S, 5149
4 Je ZH 0% 1. LL B-actin E A N2, %} ACE2
FER HEAT S 980 8w M. SE RS 98 % 2 i PCR
K JH SYBR Green 44},  — Byl H (13 B ¥ 4H
NPk, RNAAER 2 95 CHIAEYE 10 min ; 95 C
BPE20s, 60 CiB-k 30s, 72°CIEff 30s, 1L 40
AMIEIR, R A ¢ & AACT VT Hds geit-.
135 KR EAEHLEAH ACE2 T HFRiERY Western
blot 4F  FRIEL 100 mg K FUEAFHZU% N 1 mL
ZUE W h, vk EAJ3, 14 000 r/min 4 °C B0 15
min, W ISR, 57 22005, BCA e 8 (1R,
BT 80 CUKAif# 1. H Bio-Rad & 1 LIk R4 ik
AT ANIESL SDS 28N I Ik i Bt Jle (SDS-PAGE) HiIK,
5% W AR e, 10% 4 35 . | 1 L FE S 60 pg,
120 V Hiik 90 min, HL¥K4E W 5, 6 HE TRt 52
[ Marker #0 H /4 8 (1 JT 78 1 B BEAT 46 B0, )
TR IAT B . B EIAAF - 1.5 mA/em?, 90
min. #1450, ¥ PVDF 5 H TN 45 40 4% 0 4 (4,
5~15 min I E 471, ULIAFEENRR D). B PAIFIHT
I E AR A G BT, (E R R EES,
e B 334543 (EPSON Perfection V500 Photo) $4i
R, 5 I K R ] Quantity One %A (26
[¥ Bio-Rad). LA H Jii i -3 - % 1% It % ¥ (GAPDH)
EWZ, HIR&A S AR LS 2IAEX & .

1.3.6 MiFFERELH Ang [FEME
o955 73 B (radioimmunoassay, RIA) il 5 Iy Fil'EF
WEZT Ang 11 &, HAREAE L0 & vt Bk
170 FMI-182 JEUIH H 2 v- VB A I 25 35 L vE M 1)
TR VL (cpm).6

14 EGITS5 9 T 45 #{E LL mean £ SEM
FKor, KH SPSS16.0 Go v Bk AT REAT BUNTFEA ¢ KL 56
Gk Ar. P<0.05 Rz r A% BEN.

2 R

2.1 —fRRE
S8 300 14 1 30 ALK BURS RO R 4F . B

#.1. ACE2#=B-acting | 4 54k
Table 1. Parameters of primer pairs for ACE2 and -actin genes

Gene GenBank accession number Primers sequence Orientation Product size

ACE2 AY 881244 5’-AATCGTAGGCTCTGGGCTTGG-3’ Forward 182 bp
5’-TTCGATCAACTGGTTTCGGTTGTA-3’ Reverse

B-actin AF122902 5’-CCCTGTGCTGCTCACCGA-3’ Forward 198 bp
5’-ACAGTGTGGGTGACCCCGTC-3’ Reverse
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Fig.1. Body weight gain of rats in control and diabetic model
groups. Mean + SEM, n = 8. "P < 0.05, P < 0.01 compared with
control group.
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Fig. 2. Change of food intake in control and diabetic model
groups rats at different time. Mean = SEM, n = 8. "P < 0.05 com-
pared with corresponding control group. Control group 1 and
diabetic model group 1 were observed for 15 d. Control group 2

and diabetic model group 2 were observed for 30 d.
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WEMZ (P<0.05), REEHNE<0.05), AE
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Fig. 3. Change of water intake in control and diabetic model
groups rats at different times. Mean + SEM, n = 8. "P < 0.05
compared with corresponding control group. Control group 1
and diabetic model group 1 were observed for 15 d. Control

group 2 and diabetic model group 2 were observed for 30 d.
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Fig. 4. Change of fasting blood glucose in control and diabetic
model groups rats at different time. Mean + SEM, n = 8. “P < 0.05,
P < 0.01 compared with corresponding control group. Control
group 1 and diabetic model group 1 were observed for 15 d.
Control group 2 and diabetic model group 2 were observed for
30 d.
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2.3 KEZ=MEMEERENELSEFR

TE i F I 2H K B 2 I 0t A T 4.9~6.5 mmol/L
2 18] (CFEIME 5.89 + 0.25), A7 IEH MBS ; M
B PR B B A A A AR fS 15 d I, K U b
¥J/F 14.0~17.5 mmol/L 2 [i] (°F-¥J{H 15.78 + 0.38),
30 d IR B A I IR 4 24.6~27.6 mmol/L (~F-3{H
25.99 + 0.60), =HE HE W R EVEE, I H 2
T 15 d NI (P < 0.05) (& 4).
24 REBEFMREQRSENTL

H1 P 54 AT LA H, o R 2K SRR R 1 T R
BEAFAE,  JRBES B h 00 B PRI B 353495 450 75 20 s A
J5 15 d #0130 d I, KB R W 3 R BE AR AE,

Control
XYY Diabetic model

Urine glucose (mmol/L)

15d 30d

&1 5. Xk HEALRORE PR A TR 2K Bl BB A PR A 5

Eint Bl AL, REAYAL 15 d K BURBE B2 T
(P <0.05) ; 30 d B K BB 75 124 Wl 3 T v (P <
0.01) ; 30 d I JREE S 52 15 d 1Y 2.2 i,

H 1 5B mT LLF e, 8 R B 400 0 AR 2 4 s A
Ja 15 d I, JRED A RS TN AL (P> 0.05),
IGEAR S 30 d IR BRI PR B 7 R W e TN A
(P<0.01); 30d IR JRE A& 8L 15 d IR 10.6 £%.
25 ERFEABRBMGEELZRPACE2 mRNAR
boy: k3 A

i 6 s, SXRALAHEE, BE PR B A AR
RS 15 d I, KR 420 ACE2 mRNA
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Fig. 5. Urine glucose (4) and urine protein (B) levels in control and diabetic model groups rats. Mean = SEM, n = 8. "P < 0.05, "P < 0.01

compared with control group.
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Fig. 6. Change of ACE2 mRNA expression level in kidneys of
control and diabetic model groups rats. Mean = SEM, n=8. "P <

0.05 compared with control group.
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Fig. 7. Change of ACE2 protein expression level in kidneys of
rats in control and diabetic model groups. Mean + SEM, n = 8.
"P < 0.05 compared with control group.
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A2, AT R AL A AR AL 40 K R o A B2 4R F Ang 1T 28 FhAR
Table 2. Content of Angll in plasma and kidney tissues of control and diabetic model rats

Plasma AnglI (ng/mL) Kidney AnglI (ng/g protein)
Control group (15 d) 0.64 +0.04 6.53 +0.82
Diabetic model group (15 d) 0.77 £ 0.08 7.92 +1.48
Control group (30 d) 0.62 +0.03 6.76 £0.91
Diabetic model group (30 d) 1.47+0.35 13.21+1.86"

Mean = SEM, n = 8. "P < 0.05 compared with control group (30 d).

21 ACE2 mRNA K IA B0} B2 1 2 BEIK (P < 0.05).
2.6 AR BHEELHPACE2ERRIETL

Wil 7 Pz, Western blot 45 5L R, 5 4]
FHEG, B DR B I R A E S 15 d i, KRUE
A2 ACE2 1 W & T (P < 0.05), 1 i&E A5
30 d P K RUE A2 ACE2 ft AR IA RN 41 R IA
g R, (HZERARZE (P=0.0718).
2.7 MiEFSPEALE hAng [ BB

W 2 fron, S0t IALAR LG, O bR B B 45
W ER G 15 d B, g F AL 2% Ang 115
BHE TGRS, HESFER &5 30 d i
I35 AE 2 20 Ang 13 8 3% w5 TR IR (P <
0.05).

3 g

AL LA 60 mg/kg 7 STZ I J1 VT 4 Bl 2y
F5 R PR R BB . SIIe T B OB PR T A
AEALFRARIEATAT I, RPBCROR U D Re AT 2R A
TEE . LA IS R IR, TE 5 IR ZH K B g
B, WEhAE 4.9~6.5 mmol/L, STZ yEHF 15d )5, B
PRIASERLR B (1 BB 4L T 14.0~17.5 mmol/L 2
(B, Ty ELH B AN ER g IS, R B R 4
W LT, MAE STZ ES 5 30 d Jm,  BF PR B4
KRR Y =1 24 mmol/L, JR R A & w
WIS BRI WL, R IR v B SO A A 1)
o 2 it A I 1) (%) S TR N B, ot 0 ) B 2 2
AR T e AR R SR 1

2l 80 424, Brenner 45 PV P RAIE 5L & -
1ML "% 5K 28 R 4% (renin-angiotensin system, RAS) 7+
B R B T R R EAE ], AR R STZ
SO PR B B 40 K B — AN B R AR 2 B /N ER N R
JJFFEVERG R, A PR SRt T 28 H I M .
BN IR, W] fE A RN B I BH T AH X 3G K
T8, T Ang IR /NERTAB I LR B ) 274
F e mi AR I Bk N B ko e e 4, B/ EkE

I I P R D ORAE, DR, B R K R H R AL
(R)'EF /INBR MR BN ) 27 28 W] fig a2 RAS B0 .

Zatz % UK W I 558 5K 2% A A T A A R0
STZ 5 T 0l J s KRB /BRI SN 2% B R
B W AR SR T TR e, &5 R R O E AR
SRR B ANER N R B A E R e [, B R
FEAA A K UK, B/ NBRAEA B B E% . P
DL, 1 9K S5 1B AT 35055 RAS, it Ang I14E T+
AT 2R SFEE NERA R, HILE AR 2 E
WEREAL . 27 4Etk. BbAh, Ang L6 n] B INVF 2L 4T
Y A0 R 98 E A (1) 2 T8 RTRE T ( n Ji g A K 1A
T, D AR SR, 308 Ang 1111
TR SRR DhRE R AR RE AR R . ED
ZAFBNESE Ang T HA L SR LR HEAAEH, IF
X SEAE AT B ACE2 isfi) U121, ARHIFFT 4 AR,
B0t RRAHAH L, TR0 R s 5 B 0 o 1 R (B I A
J&i 15 d) WHEFRFIE T ALZR Ang 1L AP THEAS 3%
I8 FR 9 B B 3 e 1 ™ B (R B S 30 d) 1Y
Ang TP BET A, $1 Ang TR ET &
S 5 BOHE PRI B B 1 R S ) AL

ACE2 J&8rilt K BLIY ACE [f1[5l &4, ACE2 [
T E AV E RN R KR Ang 11724 Ang-(1-7). H
AR Z T ACE2 A2 T B RA T B JR 993 2505
iR, (HEFLES AL A] A . Burrell 45 12
WK, ACE2 RiA F 2 JR i 90k R N 5240
HIUE T SN TSI FEA O, BILHARLE
AN . AT R, 8B R R PR /) Bl
MR, ACE2 KI& R4 JRAHIE, ACE2
FER A U BUE /R4, U85 T Oudit 55 ) #)F
TR IR, ACE2 RIAH K /N FUAT H 0 [A] 5
JREE A, AR A & o PR NLEE AR,
SIAE v IR /N B B ACE2 R38R K B3, I
4 ACE Rk T ¥, {HJE, Tikellis %5 & 5
T MBE S G S A ACE2 I 608 38 I, A
WS W oR, SXFRAIA L, R IR B B A A Y
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R 15 d i, K RUE IE ACE2 mRNA 7K - i
BT, EEAKCERE BT i E SRS 30 d KR
T ACE2 mRNA /K-F Rt K R R Hiit 3k
ATHEN,  ACE2 758 JR 93 3505 H 4 7 o Bt A IR
PHEH, H2Z )5 ACE2 Ri& R, ff Ang 117K P4
L, SEERIRE. ACE2 25 T H Ay i
Pt A2 . Hprii e g pLEAA feidt— D
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