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BE BH HREHAFAREGHEZR(VCM) Z#il SD KR B4 (AKD BRI ik R . ik o JalbaEt:
SD KEBEHLI A 4 21, T X HE(NC) 20, VCEM (200,400,600 ) mg/kg 45 BTS20 245 1 R/ d, 322 7 s Kl R Bl IfiL 77 PR 2R
(BUN) JULEF( Cre) 7K ¥ U BEAR T, H5E B IR HE s B AL ZU0E1T HE J2 PAS Yot SR TS IR (i R . SR WA
VCM 57| R34 A, 4550 2 K UL BUN F1 Cre K22 T #a#4«(F =3.85,P <0.05;F =9.02,P <0.01) , H VCM 600 mg/kg
415 VCM (200 ,400) mg/kg ZLAA LG Cre K F-fe i , 25 5 BATGE 2478 L (P <0.01,P <0.05) . Fifizg VCM 7 & [ 3400, #5771
K R TR s (F =54.81,P <0.01) , B B EFM B A S FIHE#E(F=11.13,F =14.43,# P <0.01) , H. VCM 600
mg/kg 25 VCM (200,400 ) mg/kg 1 AH L, R BRUIA T & B B E VB IR 22 R A G242 X (P <0.01,P <0.05) , HE Lo f
PAS Yot 7R, 25 AL /NVE IR IR BE A5 405 , B VCM ) S A3, B B 405 F 43 i (F = 105. 80, F =28. 89 , 3 P <
0.01), H. VCM 600 mg/kg 215 /IN& I Kz A0S i 7% AP BK V38 B0 A8 BRI 5 I M B . 4538 VCM 600 mg/kg DL 1 W/ d iES:
7 d JE R S AT AR T K B AKT AR

KEER AR HUE; shERL B R T R s KR

FESES R965.1
NXEFRER A XEHES 1000 - 1492(2025)06 - 1030 — 06
doi: 10. 19405/j. cnki. issn1000 — 1492. 2025. 06. 008

2S5 (acute kidney injury, AKI) J&—28&
R FFCA i B R IRV , H AR IE R4 E
Ih, A 2Rk A AR B~ Tl R
(vancomycin, VCM) J& — BBl IR BB R EIG IR
Hh S S TR TR PP AP bR 4 0,7 2 3K R A A
AR S R A E AR Y (HE, VEM AR
& 2G5 R A R R DU SR T i R i 5
AN BB, 7 E ) B A A T — s R b FR A HL il R
RS, BET, TSR X VEM 5 AKT
RS2 PR R AT IR AT, SR, O T
= 2 M B #t 1% ( vancomycin-acute kidney injury, V-
AKT) BEHY 4 22 G2 M 93 A SCHRHGE , V-AKT & 4=
R F A W AR A AT L) Sy i DR 2 4 2 B A1t
PR 2%, %90 R T 1 S A [m) 7
VCM il 85 AKI BEA, FRBAN [F] ) & VEM il 45 AKI
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1.1 ##
1.1.1 %34 SD K23 H MM, 6 Ak, 1k

it (180 £20) g, %5 i 2%, W B b 5t 7 DA AR 4
ARABRZ 7] [ SCXK (57)2019-0010 ] o 4] 57 #45 « I
J& 20 ~25 C  FXHREE (55 +5) %, M 57
HEHKE 12 h B . SR b R E 7 d,
SIS 20 H R R R R 2 E B Y LI S W
(%5 . PZ-2023-021)

1.1.2 2 ZRXA5ME VCM R A Figd
it ¥ Ak A R 2 ] i FH IR A 2 R 7K BiE B 0. 05
mg/ L Y5 %5 F 3 IR Z A (blood urea nitrogen, BUN)
Ej LA ( creatinine, Cre) {71 £ W 3 B 50 & A
TREWFFEIT 4 %0 Z2 58 W (3 R0 20 4180 ) 1)
H A NS F& R YRR A FRA v 5 ELx 808 FEAR{X (35
BioTek 23] ) 5 Sigma 3 ~ 30 KS I 1 25 5 12 v B
LHL(EE Sigma A7) o

1.2 FHi&

1.2.1 shorab 8RR E KRR NC
241 . VCM (200 400 .600) mg/kg 2, NC 215 HEL, H
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RAEHRA 6 Ko RAINE 09 7 s, 4
H 25 25 FI K BUFEEE , NC 2025 TS5 A R A B3R K, 45
FIEHLL 1 W/ d AT & VO, %28 7 d, fir
AR E 4R R SR, A K,
1.2.2 BAF KB IRU0E BRI AR TE SR 1M, 5 2
h, B E T 4 CEL.OHLF L 3 000 r/min 2.0 10
min, JUALEARSER B, O, A= 3R K st , K BR
() R 22 & R PTACES S B O S =
T4 % ZRWRERE , & 20, 425 2 - 80
CUFRGRAE#

1.2.3 fiF P BUN. Cre KM E  F4HKEERRK
2525 24 h J5 SRR BUIRBE R 11132 , LA 3 000 r /min
B0 10 min, 73 B I , AR 1) & 75 2 A0 i 3
BUN . Cre & /K,

1.2.4 RABMHRLe I SCEREE O IO BUE
JIE AR R K ohe , BRI, B, 105k . BTl SR
R BUE GV (g) (ZE P i 2 ) 5 K BUA
Bt () PHRE AR R = RREIES & (g)/
FHI R BUA B i (g) x 100 %

1.2.5 @AZBEFALE HET4 % KT ER
E 24 h, AT YTR (4 wm)  IFRIEIRAKS - B
#T YL {4 (hematoxylin-eosin staining, HE) #1335
FeYtfh, (periodic acid-Schiff stain, PAS) . Eiks
WSS IEZH T8 25 2 AR Ak, 5%k B T i 2R 47 VF
g3 BERY) R BEAL 3 SR, PR BRiE LS NVE B
B AR % IRFE MR s i AR T R AR R
ARy A5 DA 3 T BT 43010 4 () 51
S <25%):2 4 (26% ~50%):3 4 (51% ~
75% ) ;4 53 ( >75% )

1.3 ZeitF A0 R SPSS 22. 0 A kAT £l
GINT L B SR EEE R T ME £ RifERE (v £5) R
7R3 R U R J5 225387 (One-way ANOVA) i#17 %
A IA] B E H AL, SR i/ B 25 1 22 5 (LSD) A 5
IR ELEE, Lh P <0. 05 Fn 2R A Hit# L.

2 HR

2.1 KREHFER—MBER SHARREFEN
100% . NC KRB A EE ADOLE BRIEW
HRLLF s VEM 200 mg/kg 20 R 5 5 NC 41K /AR
FEILT- B4 224k VEM 400 mg/kg 413K 53 K BT
HH B B b B > R HOIR S A VEM 600
mg/kg 21K B B 5 1 e 4e ALHE BRI IR KR
YORIEA K02

2.2 KRMmiESH BUN #l Cre f/KFRME KK

3% BUN 5 Cre /K~F-Fifi VCM ) &5 3 K0 T iy, 22
SEG X (F=3.85,P<0.05;F=9.02,P <
0.01) , LB VCM 1R ™4 T B B 25 91k
AKIL, PP L5 R o, 5 NC 414H L, VEM (400
600) mg/kg 20 Ifil. * BUN /KETH (1 =2.44, P <
0.05;:=3.31,P<0.01) ;5 NC 41AHH, VCM (400 .
600) mg/kg ZH Ifil. ' Cre 7K Fh i (¢ =2.42,P <
0.05;:=4.97,P <0.01), H VCM 600 mg/kg 415
VCM(200.400 ) mg/kg ZHAH EL, Cre KPS 5, 25 57
B2 L (1 =3.71,P <0.01;¢t =2.67,P <
0.05), Wik 1,

F1 FAXFMiEH BUN.Cre KEMELER(n=5~6,x%s)
Tab.1 Test results of BUN and Cre levels in serum

of rats in each group (n=5-6,x+s)

Groups BUN( mmol/L) Cre( pmol/L)
NC 7.08 +£0.96 35.87 £5.00
VCM 200 mg/kg 13.25 £3.69 52.96 £14.12
VCM 400 mg/kg 14.97 £2.77*  64.83 +11.94"

VCM 600 mg/kg 17.75£9.27% 95.24 +33.44% * 244

*P<0.05, **P<0.01 vs NC group; 2P <0.01 vs VCM 200
mg/kg group; *P <0.05 vs VCM 400 mg/kg group.

2.3 KEREREREMERLE 5 NC4IMHE, %755
HRBAR TR VCM 3 5 7] 0 14 T 52 7 Bt 3
(F=54.81,P<0.01),'5 R E A B A RE VCM 3
SRR KM FIHEH(F =11.13,F =14.43 3
P<0.01), =5 A5 a . WP LS R
/N, 5 NC A7 H, VEM (400,600 ) mg/kg 4K A
it FRe(t=6.58,P <0.05;¢=10.68,P <0.01),
VCM (200,400 ) mg/kg 205 VCM 600 mg/kg 2H {4 5t
HERAEGIH#E X (1=10.60, P<0.01;:=4.30,
P <0.05) ;5 NC 4 [.%¢, VCM (400,600 ) mg/kg 4
B pa EERA (¢ =2. 87 ,P <0.05;:=5.37,P <0.01),
VCM (200 400 ) mg/kg 415 VCM 600 mg/kg 2 ¥ &
HBILRERAGITFE L (1=4.32,P<0.01;1 =
2.61,P<0.05) ;5 NC 4 He 4, VEM (400,600 ) mg/
kg 2R TS (1 =2.66,P <0.05;:=5.90,P <
0.01),VCM (200 .400) mg/kg 415 VCM 600 mg/kg
MR ZERA G L (1 =5.34,P <0.01 ;1 =
3.40,P<0.05), W2,

2.4 KERBALAREMNE NCHEFMZEIER,
FI DG s VEM 200 me/kg 20 B JIE B {472 5% ; VEM
400 mg/ kg ZH & I 101 €0 52 v A €0 L3R 43 B U ok K5
VCM 600 mg/kg 41 B B (0 % 1, Wi TG, B MK
JHrBH R . VCM 600 mg/kg 2H R BUFFIE H BB 2 i
FRe W T,
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1 REARREREAARNRELE
Fig.1 Pathological changes of renal tissue in each group
a: NC group; b: VCM 200 mg/kg group; ¢: VCM 400 mg/kg group; d: VCM 600 mg/kg group.

®2 BAARKRE.BRERBHEHEER (n=5~6,x+s)
Tab.2 Body weight, total kidney weight and kidney body ratio

of rats in each group (n=5-6,x+s)

Weight Total kidney Kidney body
Groups
(g) weight (g) ratio (% )
NC 272.94 £5.43 1.88£0.06 0.69 +0.02
VCM 200 mg/kg 268. 18 +18.45 2.70£0.28 1.01£0.08
VCM 400 mg/kg 218,60 £8.60 * & 3.79+1.03" 1.74£0.50

VCM 600 mg/kg 184.75£16.39* *22% 5.45+1.85* * 247 3024116 * £0#

*P<0.05, **P<0.01 vs NC group; “P <0.05, 24P <0.01
vs VCM 200 mg/kg group; *P <0.05 vs VCM 400 mg/kg group.

2.5 AREMFBERE HE QLEM PAS Qes)
Fisn (B 2A B)  NC 4K U A UL ST M 58
B JCAR 35 VEM 200 me/ kg 21 B AU AE R 25 3
ARV, R LA B SRAE A T2 5 VEM 400 mg/kg 2 m] L
A IV b R AR B K | s v A S AE 2
B S5 B 453 VEM 600 mg/ kg 4 /IVE 1 Bz 4
B AR R A B/ INVE Bk, T
A DL AAEANMIIEE o X HE K2 PAS Qe 45 RptA 7
L0 B I3, VI ELRE VEM 0] 83 R T (F
=105.80, F =28.89,1 P <0.01), PE4r 45 8 WA
2C.D,

3 i

AKT 2l PR WY f& T, B 2R 259 it/
FHPETEAU07 5 e 7 1M AL [R) A4 B AKT A =R %
W, H B RS 2 AKL 18% ~ 40%
VCM & 2= BV AN R UL 1Y 5 3 2590, Wi R o 1T vh
AKT & HAN AT Z2 A0 7™ BB H] . ZFFE SR HEA 2
V-AKI (R 2%, il R V-AKT /9 BBy S5 97
FEACAHOCHEERIATIE o 25905 5 AKL 5 FINAH , 45
VETRTEE, JRl S0 26, (EL AT B8 T 12k 56 42 S el DK 5 B A7
oL, BIDBAREVE R S B Y st 2 . IEAF VEM
SR AKT 7R Im R R EA AL AL, 4n'E ZhfE
e EE AR SC A PR R, 1B AT ) AL ) A L
RRIAFTA TR, N 3= 25 1k 518 DNA 5 45 F
AN S B R NE B, RPN S
JINEIRHE (acute tubular necrosis, ATN) ' Jfij V-AKI
HH 5 25 YA B I )RR R E /NS TN R R BEL ZE A
K, FERI Ny ATN FI2 Pk [\ P R (allergic tu-
bulo-interstitial nephritis, ATIN) , H 7] G VCM
M RIE AL o H Tk 2822 5, I PR _E X6 33X 1 7l
255 | 76 1Y B 45005 1 12 T AR T SRS L 25 A BT AN
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Fig.2 Renal pathological changes and renal injury scores in each group

A HE staining of rat kidney x400; B PAS staining of rat kidney x400; C. HE staining renal injury score of rat kidney; D PAS staining renal
injury score of rat kidney; a: NC group; b: VCM 200 mg/kg group; ¢: VCM 400 mg/kg group; d; VCM 600 mg/kg group; “ P <0.05, ** P <0.01
vs NC group; 2P <0.05 vs VCM 200 mg/kg group; *P <0.05 vs VCM 400 mg/kg group.

o MARMAA S AKT & —Fh e gt Ry {5 V-AKI
FERIAE R4y T B A SRR A . 91 4n, V-AKIT 5
AT DAREE 21 I 4] 5 L% ATN A VM A G
IR SR AR, LT 30T T I PR 3 UL AT A A
KB, X0 F AR5 0 AR 2B w1 i AL R A
B BA L,

VCM F2 B0 i B /NER U8 2 1B /N 23 s i
V-AKI (% 5 2R R A6 A4 KR L K
SERE A5 H M B TR 25 A T LA R R e AR
V-AKI A g e 2505 THLH . AL 3 T kb
PRI RE R RS F A M 98 T2, J V-AKT i 3 BEHLH, 3
SRR R R A 30 1T LR V-AKT Y VEM
PE I B /N AL, 23 A AL R AL, 3 I 4
THFERT ATP ¥ J3 , Ak 2 & Wy A o 48, AT 5
SRR HE R4S 20 L8 T 5 e Ak, VEM 38 1] 5
A T 20 My A5 138 & B 5 g BRMAR R G BT

3 ATIN; VCM 5 Tamm-Horsfal 5 [ 2 i 10 48 Y
BHZEW & V-AKL i — AP EEHLH . fJE, VCM
TE B /INE AN L) R R R T R T B e 2R
FA) . HE R 240 6 ) 32 2 A B AR, DT 2 i) /N ) I
WA MIIAE ™ . 6T V-AKT 1923 FHLH, Rk
B0 LA

V-AKI {4 P 52585 K 22 2R FH R BRUR A, 1 K B
TR ERER R, B T EN R B B B R
AR AT 20 S UG 45 A BURE R, PR I FHAEA: SD
KEFFATEE . B2 VM HLEGYRYT o #E 1
e FEEN RN, SCERHRIE B #E v R A 7E VEM 3BT
TGE 4 ~17 d, BE M2 5 d J5 VCM 3K T 1E
WA PR 7 d,7 d )5 ok RARE Rk
W A0 B T REH8 A5 , &5 KR IS BN ). X5
DIRBIEH BE , VM 5 HUME AR 2 2 g/ d; FEAE IR
Yy s B A A e ) (25 ~ 30 mg/kg) H
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TRk S B (1 I 24 A Vi R T A VA B R R, AKT
) KA R ey, HAR R =20 wg/ml B} AKI [ % 4
R ETE Y o MR AKI E SL( Cre T ad JE Al
(0 1.5 £5 K L b, H AR s 2 ey F iR & A4
7E7 d LIS RlE 22 5 (25 USRS AR 5
it 32 Pk 22 5 (25 Wit sz M TA) ) | W 50 i 7l 3
200,400,600 mg/ (kg - d) qd. F1 G PR & B35 &=
e PR R 55, R BR300t L AR R0 i 29
6. 17  BIF 98B0 79 it 43 ol Ry e B 00 i s R 1 1 %2
FEFN 3 Ao RIS B R O, 4% 2H K B S8 5y
0,VCM 200 mg/kg 2H {3 33. 3% , VCM 400 mg/
kg Z 5 2 66.7% , VCM 600 mg/kg 4 i 5% %
100% .

BUN Cre 2N B 45105 WAL e 46 b, LA S e ' Jie ™
BT EDIREGR AR, 4R BN, AR
I3 BUN 5 Cre 7K~F-Bf VCM F1] 5 34 K A+, H
VCM 600 mg/kg 41 Cre 7K i 3 5 T HoAth 45 71 &=
A, $E 7R A% 0 4 R ) g S AKT AR H U A
H— ML KB, VEM 600 mg/kg 2H KR E B AKI
HREAE . 5 NC ZUAH Eb, VEM 600 mg/kg 2 K FRL A
iR o (AN = N [N = NI (o ) o = T E
VCM 600 mg/kg 2K FUA T B S R4S
A AR g 22 57 A Gt 2# B L, HE J¢ PAS 4y
a7~ VCM 600 mg/kg 21 KBS Ik B (2 #6144, HE
5 PAS "B O3 BLIE 40 3. 44 5 3.28, & AH 2
SHAGIER L. NEIRBEEE, V-AKT F
F R HCHE o

L5 LRk, 457 SD KB 600 mg/kg VCM Jiif i
FEST T d AT R A N V-AKT R I G B )
(7B BRI V-AKT, J5 22 n] gk — 2B BF 58 V-
AKT & AR, R I A A B AR S
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Evaluation of acute kidney injury model in rats induced

by different doses of vancomycin
Ma Fei'? ,Deng Qinxiang'*,Shi Rui'?*, Wang Chun', Xu Bingfa'
('School of Pharmaceutical Sciences, Anhui Medical University, Hefei 230032;
*Dept of Pharmacy, The Third Affiliated Hospital of Anhui Medical University, Hefei 230032

Abstract Objective To investigate the method and evaluation of using different doses of vancomycin ( VCM) to
construct an acute kidney injury (AKI) model in SD rats. Methods The 6-week-old male SD rats were randomly
divided into 4 groups: normal control (NC) group, VCM (200, 400, 600) mg/kg group. The drug was given by
intraperitoneal injection once a day for 7 days. The levels of blood urea nitrogen ( BUN) and creatinine ( Cre) were
detected. The kidney was weighed and the kidney body ratio was calculated. Renal tissue was stained with HE and
PAS, and the pathological injury of kidney was observed under light microscope. Results With the increase of
VCM dose, serum BUN and Cre levels in each dose group showed an upward trend ( F =3.85, P <0.05; F =
9.02, P<0.01). Compared with the VCM (200, 400) mg/kg groups, the Cre level in the VCM 600 mg/kg
group was the highest, with statistically significant differences (P <0.01, P <0.05). As the VCM dose in-
creased, body weight of rats in each dose group decreased (F =54.81, P <0.01), while total kidney weight and
kidney body ratio increased (F =11.13, F =14.43, both P <0.01). Significant statistically differences ( P <
0.01, P <0.05)were observed in body weight, total kidney weight and kidney body ratio between the VCM 600
mg/kg group and the VCM (200, 400) mg/kg groups. HE staining and PAS staining showed that renal tubules in
each dose group were damaged to varying degrees. With the increase of VCM dose, the pathological score of kidney
injury increased (F =105.80, F =28.89, both P <0.01), and the pathological damage of renal tubular epithelial
cells such as shedding, swelling and cast formation was the most serious in VCM 600 mg/kg group. Conclusion
The AKI model in rats can be stably established by intraperitoneal injection of VCM at 600 mg/kg once a day for 7
days.

Key words acute kidney injury; animal model; nephrotoxicity; vancomycin; dose; rat
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