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Carnosine protects against diabetic nephropathy in rats by activating the AKT/mTOR

pathway and restoring autophagy in the renal tissue
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Department of Biochemistry and Molecular Biology, College of Basic Medical Sciences, Jinzhou Medical University, Jinzhou 121001, China

Abstract: Objective To explore the mechanisms mediating the protective effect of carnosine against nephropathy in rats with
diabetes mellitus (DM). Methods Rat models of DM established by high-fat diet feeding and streptozotocin injection were
randomized into DM group and 3 treatment groups with daily carnosine treatment at 100, 300, and 900 mg/kg. Body weight
and blood glucose level changes of the rats were measured regularly. After the treatment, 24-h urine, serum samples and
kidneys of the rats were collected to measure urine volume, urine protein content, blood creatinine, and kidney mass; renal
pathology was observed using HE staining, and MDA content and SOD activity in the kidney tissues were detected. Western
blotting was performed to detect the protein expressions of p-AKT, AKT, p-mTOR, mTOR, LC3 and p62 in the kidney tissues.
Results Compared with normal control rats, the diabetic rats exhibited dull and wet hair and showed decreased body weight,
increased blood glucose, urinary protein content, 24-h urine volume, blood creatinine, and kidney mass with obvious swelling
and deformation of the glomeruli, narrowing of the renal tubules, decreased SOD activity and increased MDA content,
lowered p-mTOR/mTOR and p-AKT/AKT ratios and increased LC3 II/I ratio and p62 protein expression in the kidney tissue.
The diabetic rats receiving carnosine treatments had dry hair with normal luster and showed increased body weight and
slightly decreased blood glucose, urinary protein content, 24-h urine volume, blood creatinine, and kidney mass. The
treatment also improved renal pathology, increased SOD activity, decreased MDA content, increased p-mTOR/mTOR and p-
AKT/AKT ratios and lowered LC3 II/I ratio and p62 protein expression in renal tissue of the diabetic rats. Conclusion
Carnosine offers protection against nephropathy in rats with DM possibly by inhibiting oxidative stress, activating the AKT/
mTOR pathway, and restoring autophagy in the kidneys.
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Fig.1 Effects of carnosine on blood glucose and body weight of the diabetic rats (Mean+SD, n=12-14). “P<0.01

vs CON group; *P<0.05vs DM group.
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Fig.2 Effect of carnosine on renal indexes of DM rats (Mean+SD, n=8-14). “P<0.01 vs CON group; **P<0.01

vs DM group.
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Fig.3 HE staining of renal tissue in each group (Original magnification: x400). A: CON group. B: DM group. C: Car-L
group. D: Car-M group. E: Car-H group.
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Fig.4 Effect of carnosine on SOD activity and MDA content in the kidney of the rats with
DM. “P<0.01 vs CON group; **P<0.01 vs DM group.

3 iFig

DKD J2 H i PRI ek i DA fe k™ 2 i —F
PPN AE I AT L 30%~40% FRHE 0 H 2 K S A
DKD. KM EbiE i ERn i & STZ M e g T
7 DMK B, SCBR 45 SR, 5 CON 4HAH L4, DM
ZH R BRI T et W Jd 994 (P<<0.05) L IfLK . Ser SR 2R
1 5% 24 h R T B . (P<0.05) , B 7Nk HE B P g
A R IEBEIE RN/ NR I R AR A, 1] DKD AR 25
B, 5Ok IE—E" . 5 DM AL, LKA 2 ]
DL L AR AN RIRR BE A, b U ) S 2 Ak
Fl L, LA DM B i As B 1

AR o] = A g [ 3, RIS BRAE T T RE,
H T O E AL B T 7E DKD Hie AR
SOD i FZ e ZIEBRIA N A i %A A H . MDA
SRR TR A A A N R 2, e BT LA LA

U= AS0F e g PR =R A g (= e M e
7R, 5 CONZHAH HE , DM 4K BRUAL Hh SOD 1t
F%, MDA i E T, 3560 DM 21 K SR AR a4 e
o FEEWUKIG  WUK$E = DM 41K B SOD i 1t e b
fIRMDA & it , BT AU AT 38 i 4 R BRI e
AALRET T, T DM B RIERAE = A= A R
AL 5 AKT/mTOR & A2 & YA 5, i
AKT/mTOR & 4% X A DKD H % # 8 B4 ] 22,
AKT 75 TR M 22 S TR IE Kk AR R LS , B k]
T 25 AL S A AR TS mTOR &1, P15 T i
BENEST T S6K 1 T 4E-BP1 (A , M 15 21 it iy 1
BE oA JR TR A WS AR BRTE S AR
mTOR VG A KT RS R B A K R ik AEE
5 2 L S R T R L BN DR, L AR T K R
I T T, HOE PRI TE & R B IR



http://www.j-smu.com

J South Med Univ, 2023, 43(11): 1965-1970

+ 1969 -

A Con DM  Car-L Car-M Car-H M, B 1.50-
AKT | v s s 60 000
P-AKT | s 60 000 C
mTOR 289 000 % 1,001
p-mTOR | S 1289 000 E
LC3-I| ) TR T == == () < 0501 - o
LC3-11 - 14 000 =
p62 62 000 w I
P-actin o —— o e e 15000 0.0- m B
Con DM Car-L Car-M Car-H
C
1.50 D 5 00- E 250
3k
#Hit
| a 2.001
1.50
& 1.001 o
= = £ 1.501 o
— <
g . 5 1.00 1 ok %
1.00
= 050 #H — - g
& 0.50
0.501
0.00- Con DM CarL Car-M Car-H 0.00- Con DM CarL Car-M Car-H 0.00-

Con DM Car-L Car-M Car-H

5 Western blot#:ifl] AKT.mTORP-AKT,p-mTOR.LC3.p62 & B HIFRZKF

Fig.5 Renal expression of AKT, mTOR, P-AKT, LC3, and p62 proteins in the rats detected by Western blotting. A: Representative
image of AKT, mTOR, P-AKT, LC3, p62 proteins detected by Western blots. B: The ratio of p- AKT/AKT protein expression. C:
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protein. “P<0.01 vs CON group; **P<0.01 vs DM group.
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