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Abstract: Objective To systematically evaluate the impact of modeling duration on the progression of renal fibrosis induced by
unilateral ureteral obstruction (UUO) in rats, utilizing pathophysiological indices and serum metabolite analysis. Methods A total of
54 male Sprague-Dawley (SD) rats were randomly assigned to nine groups. With the exception of the control group, all other groups
underwent unilateral ureteral ligation. Each experimental group was assessed at 7, 14, 21, 28, 35, 42, 49, 56 d post-induction. The
24 h urine volume of rats was detected. The urine protein, serum creatinine, urea nitrogen, albumin, total protein, triglyceride and total
cholesterol levels were detected by the kit method. The renal specific gravity (the mass ratio of the surgical side to the contralateral
kidney) and the organ coefficients of the kidney, heart, spleen and bladder tissues were also detected. Hematoxylin-eosin (HE) staining
and Masson staining were used to detect the pathological changes of the operated kidney. Differential serum metabolites were identified
using high-resolution liquid chromatography-mass spectrometry in conjunction with pattern recognition techniques. More, UUO rats
were treated with ACEI drugs (enalapril maleate) for 28 d, and the relative contents of differential metabolites in serum were detected
to evaluate the feasibility of differential metabolites in the diagnosis and curative effect monitoring of renal fibrosis diseases. Results
One week following the UUO procedure, significant increases were observed in the 24 h urine volume, urinary protein concentration,
renal specific gravity, serum creatinine, and blood urea nitrogen levels in the rats. Histological examination via HE staining revealed
glomerular atrophy and presclerosis, and a few inflammatory cell infiltration in cortex. In comparison to the control group, the serum
metabolic profile exhibited significant deviations, characterized by a marked increase in the levels of endogenous metabolites such as
indoxyl sulfate, 2-aminohippuric acid, and xanthosine. Two weeks post-surgery, compensatory physiological mechanisms appeared to
be activated, as evidenced by notable increases in the organ indices of the heart, spleen, and right kidney. Concurrently, there was a
significant reduction in the levels of urinary protein, serum creatinine, albumin, triglycerides, and other differential metabolites when
compared to the first week, alongside an increase in the serum concentration of DHA. Between three to four weeks following the
operation, fluctuations were observed in biochemical markers and serum metabolites, such as lysoPE (20:4) and xanthosine.
Additionally, pathological assessments revealed renal congestion and hyperplasia of connective tissue, while the serum metabolic
profile stabilized. Focal renal fibrosis model was established in this point. By the fifth to eighth week post-operation, despite a continued
deterioration in renal histopathology, both the serum metabolic profile and various hematological and urinary parameters remained
relatively stable. By the fifth to eighth week post-operation, despite a persistent decline in renal histopathology, both the serum
metabolic profile and various hematological and urinary parameters exhibited relative stability. Metabolites, including 2-
aminohippuric acid, hippuric acid, 2-phenylacetamide, DHA and indoxyl sulfate, demonstrated fluctuations during the fifth to sixth
week period post-operation. And the metabolite levels stabilized by the seventh to eighth week period. Model of diffuse renal
fibrosis was established in this point. /n vivo verification experiments demonstrated that the serum levels of indoxyl sulfate,
xanthosine, hippuric acid, 2-aminohippuric acid, and 2-phenylacetamide in renal fibrosis rats were significantly decreased, showing
statistically significant differences compared with the model group (P < 0.05, 0.01, and 0.001). Conclusion UUO induces a focal
renal fibrosis model within four weeks and a stable diffuse renal fibrosis model by eight weeks. Endogenous serum metabolites,
such as indoxyl sulfate, xanthosine, hippuric acid, 2-aminohippuric acid, 2-phenylacetamide and DHA, are potential indicators with
heightened sensitivity to evaluate the progression of renal fibrosis induced by UUO.

Key words: unilateral ureteral obstruction model; renal fibrosis; serum metabolites; model period; indoxyl sulfate; xanthosine; hippuric
acid; 2-aminohippuric acid; 2-phenylacetamide
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*x1 KBRERE., REXEBLEERNER (X £s, n=5)
Table 1 Results of weight, urine volume, and kidney gravity in rats ( X xs, n=5)

45 R /g 24 h JRE/mL 24 h JREEA S E/(mg'mL ") B
payits 186.08+15.80 16.40+2.07 3.08+2.07 1.077 040.034 4
&R 192.33£12.50 11.07£1.11" 449+2.41™ 2.1834+0.215 1
&2 215.95+36.00 10.83+0.66" 422+2.26" 4.8474+0.381 4"
&3 235.67£21.66 11.14+1.26" 3.33+2.07 4917 0+0.858 8™
by UL 255.00+25.67 10.79£1.40"™ 3.47+231 4.699 8+1.076 4™
TS A 261.00+12.73 10.82+1.11" 5.37+2.64™ 4.7358+0.370 7
by 15 285.50+39.58 11.00£1.44™ 6.61+1.29" 4.7562+0.712 8"
TERET 309.33+40.50 10.37£1.02" 6.74+2.03" 4.8593+0.163 8"
&8 325.06+38.55 10.11£1.05" 7.03+2.37" 4.806 1+0.669 4™
SRR "P<0.05 "P<<0.01.

"P<0.05 "P<0.01vs control group.
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Fig. 1 Variation curve of organ coefficient in rats ( X £s, n=5)
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2 KBRILEEHEFENER (X £s, n=5)
Table 2 Results of blood biochemical indexes in rats ( X s, n=5)
5 WLET/ JREE HEA/ SEA/ =W SR T/
(umol-L ") (mmol-L ") (gL™h (gL™h (mmol-L ") (mmol-L 1)
X HE 32.671+2.89 15.35+0.90 21.504+1.94 45.501+2.98 1.17£0.12 1.01£0.05
i1 52.95+2.84™ 18.01£1.38" 24.23+2.78" 49.67+2.89" 1.53£0.23" 1.30£0.14"
A 2 JE 32.72%+391 18.90£1.04™ 23.87+1.05" 56.00+4.00" 1.38£0.10" 1.78£0.13*
A 3 R 37.42+6.38" 18.63+1.25™ 27.074+0.51" 59.33+4.16™ 1.344+0.06" 1.494+0.12"
TR 4 48.58+7.92" 18.124+1.09™ 31.65+1.40" 64.66+4.95™ 1.28%+0.13 1.524+0.11™
A 5 B 47.56+3.86™ 19.2740.80™ 31.23+1.17" 69.00+7.21" 1.404+0.15" 1.76+0.15™
WA 6 JE 47.86+3.97" 19.90£0.59" 29.90+1.65"" 60.67+£2.08" 1.31£0.10 1.75£0.04"
b | 46.18+4.16"" 21.31£1.66™ 29.93+1.07" 62.67+£4.51™ 1.53£0.15" 1.83£0.43"
A 8 A 45.82+4.94" 20.95+1.04" 31.15+£0.91™ 64.07+4.84™ 1.38+0.11" 1.89£0.19*

Hxtidi i *P<0.05 *P<0.01.
"P<0.05 "P<0.01vs control group.
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Fig. 2 Pathological staining results of kidney (x200)
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Table 3 Evaluation of pathological changes in rat kidney
BAhnkzE  RIEdR ERANCE o W /N ] Lr YL g g

N e R e EETE FEE e s
YR 1 + + + — T — — —
ER2 + + - + + + + +
ERI3 + + + + + + + +
4 ++ + + + + + + +
R s A ++ ++ + + + + + 4
E6E ++ + + ++ ++ + 4
R ++ + + ++ 4 + 4
RS+t +++ + ++ ++ 4 + ++

BEAFEABIHLIESE 10 MAEBRUE T T —- 2B RNERHAZ; - SVEHE IR, FREE<2%; +-SUERHRARTER <10%;
+ IR 10%~25%; ++ +-SFHERA T E >25%.
Each sample randomly selects 10 non-overlapping visual fields for analysis. —-No lesions were observed in the whole field of vision; *-Occasional
lesions in the whole field of vision, with the lesion range < 2%; +-The lesion range per visual field is < 10%; +—+-10%—25% per visual field; +++-lesion
range per visual field is > 25%.
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A-serum metabolic profiling of rats; B-PCA score; C-PLS-DA score.
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Fig. 3 Results of serum metabolism in rats
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Table 4 Differential metabolites

%5 RJmin m/z Z A A BB ERWEMH LK Bzl VIP F

1 0.70 283.068 9 xanthosine PSR AT 1.527  2.425
2 0.70 335.024 5 uric acid JRIR AEEMR 1.505 11.487
3 3.64 203.083 7 tryptophan BRI AEEMR 1.622  2.049
4 3.64 317.060 4 5-carboxy-2'-deoxyuridine S5-I - R [3:1 1.595  1.893
5 3.64 333.0404 glycerophosphoinositol H IR UL T 1.636  1.993
6 3.94 212.003 2 indoxyl sulfate Tt B2 15 e Py IR 1.000  7.336
7 4.02 193.050 1 2-aminohippuric acid 2-FIHELJRTR TR 1514 1.643
8 4.07 134.0604 2-phenylacetamide 2-R OB ERINT i 1.566  0.345
9 4.07 178.049 1 hippuric acid R AEER 1.578  1.373
10 11.54 293.1745 9(10)-EpODE 9(10)- A )\ B M R AEFERTEE  1.518  8.362
11 12.41 500.280 1 1ysoPE(20:4) T LR AR I 2, 16(20:4) T 1.728 12.259
12 13.64 2952299 9,10-epoxyoctadecenoic acid ~ 9,10-¥ 481 )\ BRI 2 AR EE 1791 8.267
13 14.01 4332363 lysoPA(18:2) W IBENEER(18:2) T g 1713 3.140
14 14.45 501.229 2 sulfolithocholic acid T R R R 1.699  3.374
15 15.15 293.176 8 17-hydroxylinolenic acid 17-F2 5 W R AHIFIAR IR 1.646 11251
16 16.16 357.160 0 2-phenylaminoadenosine 2- IR V3 1 1.521  7.480
17 16.18 341.1832 2,3-dinor-6-keto-PGF1 a 2, 3-dinor-6-keto-FI 7 IR % Fla LA DUIATR 1.519  7.966
18 16.68 327.2354 DHA A HONIER ANEAEDIEE  1.000 12.444
19 16.69 367.199 5 20-dihydroxy LTB4 20-ZFHEH =) B4 1A VTR 1.540  2.928
20 16.69 457.189 4 1lysoPA(20:4) W IMLBERRTR (20:4) il 1.586  8.572
21 16.70 253.2200 palmitoleic acid KR AR I AHIFIAR IR 1.541 1991
22 16.71 649.4323 PA(29:1) WEARER(29:1) il 1.591  2.157
23 20.98 650.4450 lysoPC(24:1) W LB IR IR IR R (24:1) i 1.628  4.315
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