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Abstract: Objective To explore the optimal dose and time of modeling for chronic liver injury induced by CCl, in rats, and to
evaluate its metabolomics. Methods SPF male Sprague Dawley rats were randomly divided into six groups: control group, 10%,
20%, 30%, 40%, and 50% CCl, group. Rats in CCl, group were sc injected with CCl, soybean oil solution of different
concentrations, the volume of injection was 2 mL/kg, twice a week for 8§ weeks. Rats in control group were given the same volume
of solvent oil. At the end of 0, 2, 4, 6, and 8 weeks of modeling, rats were placed in metabolic cages to collect urine for 12 h. After
removal, 0.3 mL of venous blood was collected by retrobulbar venous plexus puncture, and serum was separated routinely. At the

end of 4 and 6 weeks, three rats were executed to isolate the livers. At the end of 8 weeks, the organs of rats were separated, and the
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organ coefficient was calculated by weighting. Animal weight, organ coefficient, liver pathological changes, serum alanine
aminotransferase (ALT), and aspartate aminotransferase (AST) were observed. The urine of rats in 10% CCI, group were determined
by using 'H-NMR metabolomics. The data were analyzed using SPSS, MatLab7.5, and SIMCA-P softwares. Results The body mass
of rats in the control group kept increasing; With the increase of CCl, dosage, the growth rate of body mass of rats in each model
group gradually slowed down. After 8 weeks, compared with the control group, the liver coefficient of 10% CCIl, group was
increased significantly (P < 0.01), while that of other groups did not change significantly; The spleen and kidney coefficients of 20%
—50% CCl, group and lung coefficients of 20%, 40% and 50% CCl, group were increased significantly (P < 0.05, 0.01). Four weeks
after modeling, rats in the 10% CCl, group showed chronic liver inflammation, while 20% to 50% CCl, group rats showed obvious
liver injury and necrosis. Six weeks later, the liver of the model group rats showed cirrhosis. The ALT and AST enzymes in the
serum of rats in modeling group were significantly increased compared with control group (P < 0.05, 0.01), in the trend of first
increased then decreased. Metabolomics studies showed that the urine of rats can be significantly separated from that of 0 week after
fourth week of modeling. A total of 15 differential metabolites and six important metabolic pathways were found by urine 1H-NMR
metabolomics techniques, including energy metabolism, lipid metabolism, amino acid and nucleotide metabolism. Conclusion The

optimal dose of chronic liver injury model is 0.02 mL CCl,/100 g, and the optimal modeling time is 4—6 weeks. The metabolomics

study can track the dynamic process of modeling.
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Fig.1 Changes in body weights in different groups
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Table 1 Organic index of rats in different groups at 8th week after modeling ( +s)

fE#% 28/ (g-g D

A i W W E i

X HE 8 0.02949+0.00190 0.00147+0.00016 0.00571 £0.00035 0.00331 +£0.00054
10% CCl, 8 0.03804+0.00927" 0.00157+0.00042 0.00612 £0.00142 0.00377 £0.00115
20% CCl, 8 0.03420+0.00617 0.00246+0.00067 0.00682 +£0.00102" 0.00404 +0.00036"
30% CCl, 4 0.03855+0.01145 0.00277+0.00082" 0.00720 +£0.00096" 0.00416 £0.00096
40% CCl, 5 0.03324+0.00840 0.00361+0.00090° 0.00715 £0.00045™ 0.00437 £0.00049"
50% CCl, 6 0.02955+0.00849 0.00276+0.00076" 0.00745 £0.00075™ 0.00456 £0.00077"

xR P<<0.05 P<0.01
P <0.05 "P<0.01 vs control group

Fig.2 Sections showing histopathological changes in rats liver tissue (*x100)
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Table 2 Activity of ALT in serum of rats ( +s)
15 ALT/(U-mL™")
IR L4 TR 6 JH I8
Xof 69.1=11.1 60.7+6.5 46.16.2 46.449.2
10% CCl, 100.8+35.2" 829.6+301.3" 1 142.6+£659.3" 790.8+£597.8"
20% CCl, 1011.1£695.0 1 639.5+£833.7" 1 674.2+£879.8" 740.1£535.5"
30% CCl, 665.4£16.1" 1 688.1+£1077.9™ 1071.0£796.3" 569.0+£198.9"
40% CCl, 1158.8+732.1" 1 803.9+873.9” 969.6+409.3" 321.0+£144.9"
50% CCl, 551.6+363.8" 1556.24907.7" 1206.9+727.0" 476.5£196.9”

x4 P<<0.01

P <0.01 vs control group

F3 ARMFASTELFR(

:{:s)

Table 3  Activity of AST in serum of rats ( +s)

5 AST/(U-mL ™D
B2 A B4 AR 6 A8 A
pagit] 122.4+17.6 122.1+22.5 134.8443.2 148.9+14.6
10% CCl, 182.7+18.0" 652.24222.6" 825.2+512.7" 702.3+571.4°
20% CCl, 1073.4+£31.5" 1481.2+1029.3" 1 863.7+984.5" 1 050.0+581.5™
30% CCl, 767.2+38.8" 1262.3+£1269.6” 1533.5+1199.3" 844.3+£353.8"
40% CCl, 1277.0+£847.7" 1816.5+£1351.7" 1 790.7+656.7" 756.0+£467.6"
50% CCl, 589.7+303.17 1415.9+£946.7" 1 609.8+£901.6™ 852.8+383.8"

R4 " P<0.05 "P<0.01
"P<0.05 "P<0.01 vs control group
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3 KRFR% H-NMR Ei&
Fig. 3 Representative '"H-NMR spectra of rats’ urine

AR, DI R OK , 2% W i B9 1E 4 (i O R B K

DI=Y -G

=1 C[J

C R IRA R i) s AR P AR X 75 & 5 C, 3R s A AR
PIAERTUR I 18] 55 GEAE 0 J& D B IR AR X 5 12

M S ] WL, 7E TR B 1 15 A 2 R AR
WL IERLA ORI, G R IR 3- R E TR N
R BRI R « A A &R 6 M I B 1 IE % /K
Fs6 RN, BB 3-F2 28 T IR VBRI R AL IR T i

B < GBI < 2 B < B- 1 4 L LRR 55 0 M i

M BRI 2K T &R LR Ak = FF e i S
PREE O MR B T 1R H K. Bl IR 4E
K, o AR A 25 1 22 R AR U ) S AN T 1 2 s A ) Y
Z2 AR, B 5 I (R RE K, i 12572 P SR R K, 4
6 A118 J&l K DI 735 9 455.0.766.2 F11 081.9.

3.6.4 AQHHE T KA H-NMR 73 3 Botar il
24 FAR Y, RO i 15 Bl 2 AR . K



. 418 - I D:ug Evaluation Research 542555347 2019438

F4 KRKRH 'H-NMR Bl gAR
Table 4 Assignments of "H-NMR spectra obtained from

rats’ urine
s (Mt ik =N
1 iR 0.89(m), 1.27(m)
2 2 0.90(s), 0.94(s), 3.96(s)
3 FLRAR 0.96(t), 1.06(d)
4 ETERNT 0.99(d), 1.04(d>
5 SRETE]R  1.20(d), 2.31(dd
6 IR 1.33(d), 4.12()
7 [N 1.48(d)
8 Y7 1.92(s)
9 PRHIR 2.41(s)
10 2-fl R 2.45(0), 3.03(D)
11 FrEmR 2.53(d), 2.68(d)
12 O 2.72(s)
13 — % 2.88(s)
14 THEHER  2.92(9)
15 LR 3.04(s), 3.93(s)
16 BENRWEART  3.22(s)
17 A=W 3.27(e
18 BRI, 3.27(1), 3.43(D
19 FH S 3.27(s), 3.90(s)
20 a JILE 3.36(s)
21 B-7#I & b 3.90(dd)
22 Ry 6.53(s)
23 KNAR 7.32(m), 7.42(m)
24 JRWEE 7.55(d)

4 10% CCLAXRAFR E SRk S Tt o iE
Fig. 4 Multivariate statistical analysis of rats’ urine at dif-

ferent time
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Fig. 5 PLS-DA score plots and model validation of rats’ urine at different time points
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Table 5 Comparison of relative area of metabolites at different time in rats’ urine

HH XS I THI AR/ 100 i 55 2%/ %
f A0 R4 L6 &8 AR ERe GRS
JIE 2 0.356+0.029 0.318+0.029° 0.243+0.020" 0.318+0.019° 10.61 — —
Frn IR 0.118+0.016 0.23440.045° — — 98.77 — —
3-RETMR 0.324+0.016 0.239+0.023° 1.340+0.193" 1.719+0.232" 2641  313.15 429.98
ISRV 0.518+0.136 0.187+0.025° — 0.055+0.011" 63.99 — 89.43
BRER 1.811+0.301 0.265+0.026° 0.159+0.007" 0.012+0.007" 85.36 91.24 99.32
RNAR 0.147+0.020 0.398+0.045" — 0.02120.008’ 169.88 — 86.02
FLIR 0.525+0.400 — 0.491+0.114" — — 6.52 —
FriE R 1.845+0.472 — 0.13420.018’ — — 92.75 —
DR i NI 0.403+0.103 — 0.334+0.394" — — 17.22 —
TR 0.455+0.172 — 0.068+0.014" — — 85.01 —
Bl %] W 0.720+0.078 — 0.256+0.030" — — 64.38 —
JilIN 0.565+0.044 — 0.023+0.006 0.045+0.014° — 95.93 92.09
A= % 1.835+0.467 — — 1.286+0.139" — — 29.94
it Sk 0.900+0.099 — — 0.153+0.036° — — 83.00
PRI I 0.482+0.097 — — 0.034+0.014" — — 92.94
DI 4550 7662 1081.9

H5IERL0 ] Lh# ' P<<0.05 “P<<0.01
‘P <0.05 “P<0.01 vs control group

El6 & MetPA ST (A)FRBIF=WESE(B)
Fig. 6 MetPA analysis of metabolomics pathway (A) and Enrichment of metabolite set (B)
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