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Abstract: Objective To observe the protective effect of baicalin at different doses on acute kidney injury
(AKD caused by rhabdomyolysis (RM),and explore the possible mechanism of action. Methods A total of
30 male Sprague-Dawley rats were selected as the study objects, which were randomly divided into negative
control group, positive control group,low-dose baicalin intervention group (low dose group) , medium-dose ba-
icalin intervention group (medium dose group) ,and high-dose baicalin intervention group (high dose group) .,
with 6 rats in each group. AKI rat model was induced by RM by glycerol injection. The low, medium and high
dose groups were intraperitoneally injected with different levels of baicalin solution (50,100,200 mg/kg) 20
min after injection of glycerin. Hematoxylin-eosin staining was used to observe the pathological changes of re-
nal tissue,and serum urea nitrogen (BUN), creatinine (Cr) and creatine kinase (CK) levels were detected.
The levels of superoxide dismutase (SOD) and malondialdehyde (MDA in renal tissue were measured by col-
orimetry. The expression of Klotho gene in kidney was detected by real-time fluorescent quantitative polymer-

ase chain reaction (RT-qPCR). Results Baicalin intervention group of renal tissue damage degree compared
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with positive control group are mitigated,inflammatory cells infiltration decreased significantly,and with the
increase of baicalin dose,significantly reduce renal tissue damage degree. The levels of BUN,Cr and CK in the
low,medium and high dose groups were higher than those in the negative control group, but significantly low-
er than those in the positive control group,and high dose group<medium dose group<<low dose group,and
the differences were statistically significant (P<C0. 05). Compared with the positive control group,the serum
MDA level of baicalin intervention group was significantly decreased, and high dose group <middle dose
group<low dose group,the differences were statistically significant (P<C0. 05). Serum SOD level was signifi-
cantly increased in baicalin low, medium and high dose groups,and high dose group>>medium dose group™>
low dose group,the differences were statistically significant (P <C0. 05). RT-qPCR results showed that the ex-
pression of Klotho gene was (2. 4334-0.49),(4.15%+0. 24) and (5. 824+0. 36) in low, medium and high dose re-
spectively, which was significantly higher than that in positive control group (2. 1240. 25), and high dose
group ~>medium dose group_>low dose group,and the differences were statistically significant (P <C0. 05).

Conclusion Baicalin can significantly improve AKI induced by RM in rats,and the mechanism may be related

to promoting Klotho gene expression and reducing oxidative stress.

Key words: baicalin; rhabdomyolysis;

22 T LA SR AL AR D A1 3 1 B S LI A 25
fECRM) £ 13, 0% ~ 50. 0% 2 5 5 2 o 5 81 15
(AKD , R PE R 218 59. 0% %', RM §:3 AKI
B AL 35 B 0 e 4 A R R L LT 2B 1 o A Tk
i JRAE B P9 5 R 38 . HAT. RM $ 30 AKT 1)
BT HIEAZ I B M 25YiR 97 BUR 382%, LK &
e B AT AR YT AT AR . H BB TE B2 B 5E
BTt . HI.BF R RM S50 AKT #3878 25 ) 0l oh
MHT AU IS . AR R L Klotho JE K 7E
Z R NS B0 AKT o i b g8 L o s A N L S
TSR I B E . H Klotho £ AT 3541 RM
SHEM AKITY, EXHFEHARBN Y ST, BF
PLR BHUEAHPUIR T VR L IF BLUA 2 8 Klotho 3%
DR 2 38 Ji il 36 0 DR /s BRURRE R B AKT (B H i #s
WA HT RM S8 AKI (9F 540 W, ABF5EH
##RM FE0 AKT 9 R BURE Y, 0 58 A [R] 5] 42 2 45 17
Xt KB PR AP L O B8 92 L v g 19 VB R AL, B4
=R/

1 MRl5FZ*

1.1 MRE BEHUERE SD MEE KR 30 HAE A 058 Xt
SR 200~220 g, SR BEHLECFE RIEKG H 0k
P Mk XoF B BT e L L 5 IR ot T 9 4 (A7)
A VHE AT R R T AL o gD S A
FlET AR AL, H4l 6 H, %0 RIERIE,
F O HE R R K 38 R MR SR 1R S AT 8L T
1.2 AR5 721 4066 BT g BR o S 7 %
WA RAED 7170 B4 J S A5 AT CH 2 H S 2
7)) ; CFX96 32 A 26 )% %2 i PCR (RT-qPCR) 4 il {X
(%[ Bio-Rad A R]) . #E 1 OuUHR 3 28 F = 25 16 2%
HARERAFD ; AR Z-Pa (HE) R @ik & A s
KAV AL T 5 T8 B (MDA) M 8 Ak By B AL i

acute kidney injury;

Klotho gene

(SOD) (i 5% &l J A8 4 TR A 55 T A BRZA 71D 5 Trizol
PR CFEBR KAt R B A DD 5 ST PO 8 R R A
W (PCRYIRFI £ (H A& TaKaRa 23 ) 5 5| 9y Fe 3 4%
Fik & (H A TaKaRa A #]) .

1.3

1.3.1 ARl S5 AL FE  Zh ) 5550 ™ 0 4 IRCSE 86
Sh Y B 2% ) ) B AE G ) B SR BRAT . 403 N A R
VJE e 28 & 25K 24 h, R 50. 0% H ¥l, #% 10
mL/kg W& B 57 R BROBCT BEALA, 2 57 RM BEAL,
4 B 21 2 3RS T R B T e A D 45 SR A S AKT Y A
Wibs . 4 T 4L R BT 5 H M AT 20 min I8 &
S BT U AR L L ) A SR 43 5 R 50,100,
200 mg/kg. BAVEXTREAL LA 5 AR B ER K . BIAPEXT
TR AT AL 3, A SE 3 KRR F245% T3 5 h
Jii 2R FH B Bl IO it 2 990 A%  WSCAE VR AR AR L 22 B 2 R
FH i [ 2 o o LA T oA PR R UG 32 )5 T — 80 CAIRIR
VKA IR AR

1.3.2 AT R4 H s A s AT
I 4% 41K B 3% WL (Co) L JR B A (BUND | JILRR 34

fiff (CK) /K-,
1.3.3 BFHLURH¥AE HE 0 52 FHE A

)R S ISR A TR AR R Y4 10 min, £ 1. 00 ER 1R
CFE 0. 1 ZKE T RA 0.5 YA Y4 2 min
BRUE DK F W S SR T P AR i e TR

1.3.4 B4 SOD MDA KA W1 g BHHH
T B 55 2 0% 4% b il s 41 21403, 2 500 r/min B0
10 min, B3 . R A HL ALK SOD MDA /K-,
1.3.5 B Klotho ZE R FRE AW K RAH
AW I AT 20 B 2L A% L ff ) Trizol 12 51 £ O
RNA, 2 2 JEf W 5, B 2% 1R 4 B2 48 7 {6 (A260/
A280) KT 1. 8 BYAE G A% B il 38 2o 33 8 S350 &



I E¥ 515K 20234 9 A% 20 %% 17 8 Lab Med Clin.September 2023, Vol. 20,No. 17 o 2467 -

AR M BB DNA, ffi i PCR A I3 57 & i 47 RT-
qPCR R 72 . 514 5 51 43 51 4 : Klotho & A IE [7]
3%k 5'-CAATGGCTTCCCTCCTTTAC-3", X [f]
519K 5'-AGCACAGGTTTGCGTAGTCT-3'; B-ac-
tin 3L IF 18 51 ¥k 5'-TGACGTGGACAT CCG-
CAAAGS3', I I 5] ¥ & 5'-CTGGAAGGTGGAC
AGCGAGG-3", R %&MH:95 C »1 min;92 ‘C,30
$360 °C.30 5374 “C.30 s, HELEMEIF 40 U, BAHFE S
Y% s 3 AN AL,

1.4 Siitsphbs R SPSS 23. 0 883t F k4714
WAL PR K Bt ir . BRIER AT E R o+

FOR, BIALI L ECR A S BE A ¢ /56, DL P <<0. 05
hZERAB G E L,

2 % B

2.1 BEX RM KRB AL 2nm HE
Yoo 25 5L R L T X R 4R R N A R G I e B
- Fz 2 5 K T B L G R RE AN IR . PH A R 41K
AT UL /N T B AN M IR PR Vi BN I 5K
T R K P, A A 22 B R E AT R B S A
F4 5 2H 240 0 R 5 B X IR L L R A P R L R
SE A1 V52 i B v /L, LR R SR A R R T
BRI Bz, W1,

TE A S BIPEXS B2 5 B SR BH PR B4 s C S (R B 205 D A h MG E i R B4

1 HE £ &8 5ALREZHT(200X)

2.2 EATX RM REREF 44007 BUN.Cr.CK /K
sz B XS B4 I 7E BUNL Cr,CK /K- B & =
FIHPEXT B4, 25 3 A Ge it 2# 3 L (P <<0. 05) . ik,
Fp R 4 M T BUN, Cr, CK 7K S 25 7 T FH M X 1]
20 EB AR T PP B4, B i <o gl <
R 2R EGEE X (P<<0.05), WL 1,

2.3 EEAFXT RM K RBUE 4123 & Ak R 3Es br K 19
S BHAE X BE LRI L b, s A 4 i v MDA K

S35 B 5 R 1 B R G BB AL T 0 VE SOD JK S ¥ B
T BAMEXT B4, 22 5 WA G it 2% & L (P <<0. 05),
55 BH XS BB ZH F# , 13 MDA K P78 8 & AR L
e 0 B R T R L R R << R A <AIRR
H, 2R WA G FE L (P <C0.05); L7 SOD 7K
P s o (AN RN =B s I S T = i VE R DG L R E
A > P R R A R AL, 2 R SRR
N (P<C0.05), W2,

x®1 EXEFEN RM AREAHALAMNE BUNCr.CK /KER 0 (x +5)

251 n BUN(mmol/L) Cr(pmol/L) CK(U/L)

[k o) 2 6 5.44740.42 29,0845, 79 856. 33414, 23

FH 4 %of BE 2 6 15.56+1. 58" 46. 8844, 44° 16 319. 9841 790. 48°
AR5 4 4L 6 10.1240. 71 44,4546, 25" 8 529. 314370, 24

w20 6 9.184-0. 67 38,6645, 21 7 412. 52489, 82"
1R 77 i 2 6 8. 6540, 64" 35. 6044, 38 5 546. 224553, 05
¢ 100. 173 10. 928 244. 048

P <<0.001 <<0.001 <<0. 001

T 5 BT BRAR L4 P <C0. 055 55 BAME X IR AL b4, " P<C0. 05 5 S5 AR5 & 21 L 48 . S P<C0. 05 5 b R | 4 [ 4%, Y P <C0. 05,

2.4 WA A RM K ERUE 24120 Klotho JE K R ik
2 RT-qPCR 458 7w, FHM: X 20 19 Klotho &
R e ik (1. 16420, 56) , B AR T BF % 6 B 40 i
(2.12£0.25), ZRA G5 X (P<<0.05), k.
o A 41 Klotho S P 3% 3K &t 43 I R (2. 43 +
0.49) (4. 1540. 24) F(5. 8240. 36) , B & & T BA M
X REZL Y (2. 1240, 25) , H 7 i 41 > v 551 4 41 > AI%
FIEA 22 A G248 L (P <C0. 05),

®2 EEIEHEXRMAREARSHEHIERAED
M (x=Ls)

21 51 n MDA (nmol/mL) SOD(U/mL)
BAEXT IR 6 6.5040.16 153. 6745. 83
FHEEXT A 6 13.2340.55" 115. 83+2. 79°

5 = 41 6 11.7740.19% 118. 74+3. 78"

P 41 6 9.01-40.10™ 132.52+4. 68




+ 2468 - M EFLHEK 20239 A% 20%% 178

Lab Med Clin, September 2023, Vol. 20,No. 17

gk 2 BHEHIN RM ARBAL WA MIERAKFER
B (x=£s)
20 5 n MDA (nmol/mL) SOD(U/mL)
e 77 e 41 6 8. 1340, 29 142, 6942, 90
! 492. 600 88. 482
P <<0. 001 <<0.001

S B MR B E 5,2 P<<0. 055 5 BT BR4H 4L P P <<0. 055
SR .S P<<0. 055 5 R4 gL Y P<C0. 05,

3 i it

AKIYER RM 98 WLIF & E 95 56 5 ) 5L 2 1)
Jos B AL & 4%, H AT AH G R 9T F B T A Ak R 4R
B L B AT S BT RM S 30 AKT HA7 —
ERII R L, SEGIT RM S8 AKT iy ik £ %
R 2 BTG T RV E R AR T (R LT ROR AR
A5 2z A i — PR RM 3 AKI 53 F
BLA S > DF 22 380 1 0 ) 245 0 4 (AR AR i

WA RSP EEE NS Z —. B RKKR BT
AL B W A BT A Tk S AP R 2
FIZ2 W 25 AT A5 3% 3 B 0% 1k 4R A vl 3, X AKT A W
ARSI 5 5208 K B2 U B LA 3 5 1
L HE 36 0052 5 20 2095 3124 748 A, [ ik 4G 0 1f, 35
BUN.Cr,.CK K, # & RM S5 AKI ) K BB,
N R T NS I S o 1< £ i (N LI 5
1M % BUN,Cr.CK K2 0] i BEAIG . 22 5 ¥ A St
R L (P<C0.05), #AAEE I E KR AKIL

Klotho 3 [K 4 % 1) B YK B85 2R 11 76 12 B AKT B0
BEAE AR S AR TR AW B HE R
AKI L1032 W i 58 B 28 W b G ' . A I 5 IR S
Klotho f&—Fx} AKT A £ 4 /6 F (% 35 A, mT B £ (A
S I FEE T SRR N O RM S T E AKTY . 7E AKI
o B /INGE b R A K i SR B HLIAR B Y Klotho %
PH AT B AR I3 BUNL Cr ZKSF 30 AKT bR 5 2
RAEMME F I FiE ., I8 Klotho & BRI A] 411 il
N B R A IR B AR R N A . BEAE A
WFFEUE S, 8 %4 7] #2785 Klotho %E P 19 3k, 3 1M ik
HEPRRIE AKT®,

RT-qPCR 53 B 7r . A [A] 7] & 8 5 1 40 B2 RM
FTEC AKL KEUS . AR Rl a4l Klotho %E I ik
Hr 90 (2. 4340, 49), (4. 1540, 24) F1 (5. 82 +
0.36), B & & TRAMEXT BB 4L 9 (2. 1240, 25) . H &7
HHSTHREHASRKANEHL. ZR A5 IT%E X
(P<<0.05), #E/REL T AE#E Klotho J& M 3k, H
AR B K, Klotho 6 1 2235 8 5 . A IR BF ST
&, A AL E RM FF 8 AKT KRR, 5 FH X R
S HAE, BT T AL M VE MDA JKOF B 8 TR, B
Al <hFl A<M EA, ZRYERIFE X
(P<C0.05); 1M 3E SOD 7K 7€ 8 % 1 1% . A L i 7 i 4
AP S 7o P X B2, L 39 o 4 > v 7 i A > I

HERYAGHFE L (P<<0.05), #8855 H ] 5
A SR I R, L) R B I R R
i rd, A AT kE KRR RM S8
AKI, HHLH 7T 68 548 7 Klotho 5 H & 3% F 44 & 1k
PSR IE . (BARBIEGEATI AT Ry B2 o 40 1 AS BE BH i 2% 5+
HAEHE Klotho % PH 3 35 Rk 6 010 1 384 9 HARBIL 1
PRI I B8 255 110 1 001 P 8000 8 75 B A T IR AR SR

S % ik

[1] ROJAS-VALVERDE D.SANCHEZ URENA B,CROWE
J. et al. Exertional rhabdomyolysis and acute kidney injury
in endurance sports:a systematic review[ ] ]. Eur J Sport
Sci,2021,21(2) :261-274.

[2] MICHELSEN J,CORDTZ J,LIBORIUSSEN L,et al. Pr-
evention of rhabdomyolysis-induced acute kidney injury-A
DASAIM/DSIT clinical practice guideline[ J]. Acta An-
aesthesiol Scand,2019,63(5) :576-586.

[3] MAKIC M B F. Rhabdomyolysis: recognizing risks[J]. J
Perianesth Nurs,2019,34(6) :1282-1283.

(4] JAWIE REFW B @ R, . BSULA R RS B B i &
FaBLE B2 ih I L) ). B2 4Rk . 2022, 28(3) :522-526

[5] VALINO-RIVAS L,CUARENTAL L,CEBALLOS M I,
et al. Growth differentiation factor-15 preserves Klotho
expression in acute kidney injury and kidney fibrosis[]].
Kidney Int,2022,101(6):1200-1215.

[6] AHMED R F, OKASHA A M, HAFIZ S H 1, et al.
Guanosine protects against glycerol-induced acute kidney
injury via up-regulation of the klotho gene[]]. Iran J Bas-
ic Med Sci,2022,25(3) :399-404.

[7] MA L,WU F,SHAO Q.et al. Baicalin alleviates oxidative
stress and inflammation in diabetic nephropathy via Nrf2
and MAPK signaling pathway[ J]. Drug Des Devel Ther,
2021,15:3207-3221.

[8] ZHANG X T,WANG G,YE L F,et al. Baicalin reversal
of DNA hypermethylation-associated Klotho suppression
ameliorates renal injury in type 1 diabetic mouse model
[J]. Cell Cycle,2020,19(23):3329-3347.

[9] SHERWANI M A, YANG K,JANI A, et al. Protective
effect of baicalin against TLR4-mediated UV A-induced
skin inflammation [ J ]. Photochem Photobiol, 2019, 95
(2):605-611.

[10] LI Y,WANG J,HUANG D,et al. Baicalin alleviates con-
trast-induced acute kidney injury through ROS/NLRP3/
Caspase-1/GSDMD pathway-mediated proptosis in vitro
[T]. Drug Des Devel Ther,2022,16:3353-3364.

[11] QIAN Y.CHE L.YAN Y,et al. Urine klotho is a poten-
tial early biomarker for acute kidney injury and associated
with poor renal outcome after cardiac surgery[]]. BMC
Nephrol,2019,20(1) :268.

[12] £ ZHA. Klotho 16 21 B B2 Wi RLIG T 1 BF 52 it
JELTT. B ER 5535 B B B AR 2435, 2021,30(2) 1 159-164.

e B #.2022-12-23 & 18 B #:2023-05-16)



