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Abstract: Objective To explore the mechanism of dictamnine-induced liver injury based on hepatic metabolomics. Methods SPF-
grade male SD rats were randomly divided into control, treatment (10 mg-kg™', equivalent to 6.17 times the adult clinical equivalent

dose, administered continuously for 7 days), and withdrawal groups (treatment for 7 days followed by a 7-day drug-free period). Liver
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indices were calculated for each group. Histopathological changes in liver tissues were observed using HE staining. Serum levels of
inflammatory cytokines including interleukin-1 (IL-1), IL-6, tumor necrosis factor-alpha (TNF-a), as well as alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), and albumin (ALB) were detected by ELISA. Non-targeted
metabolomics analysis using UPLC-Q-TOF-MS was performed to identify differences in liver histopathology and metabolic profiles
among groups. Differential metabolites were screened via multivariate statistical analysis, and core metabolic disturbances were
analyzed through KEGG pathway enrichment. Results Rats in the treatment group exhibited obvious hepatocyte edema, fatty
degeneration, and inflammatory infiltration. After a 7-day withdrawal intervention, the withdrawal group showed reduced lymphocytic
infiltration, less hepatocyte edema, and decreased hepatocyte necrosis compared to the treatment group. Compared with the control
group, the liver index significantly increased in the treatment group (P < 0.001); In contrast, the liver index in the withdrawal group
showed a trend toward recovery compared to the treatment group (P < 0.001). Compared with the control group, serum liver function
indicators including IL-1, IL-6, TNF-a, AST, ALT, and ALP were significantly upregulated (P < 0.01), while ALB was significantly
downregulated (P < 0.05) in the treatment group; compared with the treatment group, these indicators showed partial recovery in the
withdrawal group (P < 0.05 or 0.01). Metabolomics analysis identified 31 differential metabolites in the treatment group and 35 in the
withdrawal group, covering multiple metabolic categories such as bile acids, phospholipids, pantothenic acid and coenzyme A, purines,
and fatty acids. These differentially expressed metabolites were enriched in pathways related to pantothenic acid and coenzyme A
biosynthesis, purine metabolism, primary bile acid synthesis, and lipid metabolism. Conclusion Dictamnine -induced liver injury in
rats is reversible, and its core mechanism is closely associated with coordinated disturbances in pathways involving pantothenic acid
and coenzyme A biosynthesis, purine metabolism, primary bile acid synthesis, and lipid metabolism.
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Table 2 Serum biochemical indicators of rats in different groups (X £s, n=8)
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XA *P<0.05 #P<0.01; SHzgdlti: "P<0.05 “P<0.01.
#P<0.05 *P<0.01 vs control group; P <0.05 *P<0.01 vs administration group.
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#3 KAERRIFIETEFRERED
Table 3 Metabolic differential markers in livers of rats in treatment group
I5g . o , HMDB . . #
) tr/min m/z HEL TR HSC AR T P FE 4
12.6808 466.3164 glycocholic acid SRRV CH4NOs 0000138 pos 1
255593 4823245 lysoPC(15 : 0/0 : 0) M BEAEIEIETR(15 © 0/0 © 0) CzsHisNOP 0010381 pos |
313129 220.1186 pantothenic acid 2R CoH17NOs 0000210 pos |
472185 284.2958 sphinganine UL eI CisHxNO2 0000269 pos |
611896 137.0458 hypoxanthine Y EENS CsHaN4O 0000157 pos 1
713202 2611280 pantetheine 2Rl CuH2N204S 0003426 pos 1
819501 188.0717 5-methoxyindoleacetate 5- AR M5 Wk 2,12 C11H11NO3 0004096 pos 1
985895 184.0746 tryptophol et 7l C10oHuNO 0003447 pos 1
10 1.3202 359.1043 pantetheine 4'-phosphate TR LG4 - T CuH2N207/PS 0001416 pos 1
111.3202 2421009 zeatin FAKE CwoH1NsO 0012204 pos |
1211896 269.0890 inosine JiIN=3 CwoH12N4Os 0000195 pos 1
1312984 166.0866 p-coumaraldehyde o % CoHgO2 0040986 pos |
1411246 136.0754 2-phenylacetamide 2R CsHsNO 0010715 pos |
155.7627 279.2332 alpha-linolenic acid o- SV JRRTR CisHx0z2 0001388 pos |
16 1.3129 184.0979 3-(2-hydroxyphenyl)propanoic acid 3-2-¥2 P2 CoH1003 0033752 pos |
17 3.2408 299.2018 4-hydroxyretinoic acid A-FRIEAN TR Ca0H2803 0006254 pos |
18 1.6637 9315867 sirolimus 7§ % 5] CsiH7NO1z 0015015 pos 1
196.1412 3052485 (—)-trans-carveol (—)-BAE CioH160 0003450 pos |
2016757 322.9491 trichloroethanol glucuronide =R ORI CeHuCisO7 0042049 neg 1
2140112 6123301 lysoPC(22 : 6(4Z,77,10Z,13Z,  IAIMBEREMEIRTR [22 : 6 (4Z, CaoHsoNOP 0010404 neg |
162,192)/0:0) 72,107,132,162,192) /0 : 0]
2207225 386.0152 dCDP — CoHisN3O10P2 0001245 neg 1
230.7154 167.0191 uric acid JRIR CsH4N4O3 000289 neg |
24 3.0055 498.289 0 taurochenodesoxycholic acid HEeHHRABR C26HasNOsS 0000951 neg |
251.2064 283.067 4 xanthosine A C10H12N4Os 0000299 neg 1
26 1.7196 209.0437 2-hydroxycinnamic acid 2-F2 R R CoHgO3 0002641 neg |
27 1.4190 203.0808 L-tryptophan L- &R CuH12N202 0000929 neg |
28 6.1424 303.2336 arachidonic acid igas bty Ca0H3202 0001043 neg |
29 1.184 4 135.0290 lactic acid AR C3Hs03 0000190 neg 1
306.8471 331.2641 adrenic acid (=g Ca22H3602 0002226 neg |
3116757 175.0227 citraconic acid IR CsHsO4 0000634 neg 1

R RIS A S IRA LB AR a3 - EFb |- F R pos-IER T neg-Hi B TR,
Trend refers to change pattern observed when comparing treatment group with control group; 1-rise; |-descend; pos- positive ion mode; neg-negative ion mode.



- 2286 * FAOELETH 2026478 L¥Wi4at A Drug Evaluation Research  Vol. 49 No.7  July 2026

4 FIHEXRATAFERHIREY

Table 4 Differential metabolic markers in liver of rats in withdrawal group

Tomin Sty b4 st V0P e
5 Ikl
139217 3743634 22-hydroxydocosanoic acid 2 IR C22HuOs 0302963 pos |
2 12984  77.03850 benzene oxide A CsHeO 0248977 pos |
3 55593  482.3245 lysoPC (15 : 0/0 : 0) VL BEARMEIEGR (15 10/0 10D CxpHeNOP 0010381 pos |
4 13129 2201186 pantothenic acid 2R CoH17NOs 0000210 pos |
5 72185  284.2958 sphinganine T, CisHxNO2 0000269 pos |
6 40737 5443400 IlysoPC [20 : 4(52,82,112,14Z) ¥ IMBARIEAEGS [20 : 4 (5Z, CpHsoNOP 0010395 pos 1
0:0] 82,117,147) /0:0]
7 11750  91.0546  p-cresol XK C7HsO 0001858 pos |
8 09036  137.0458 hypoxanthine IRBEIES CsHaN4O 0000157 pos 1
9 14205  144.0809 tryptophol ek CioH1NO 0003447 pos |
10 1.2984  93.0699 toluene GIEN CrHs 0034168 pos |
11 39072  330.3375 arachidic acid 1A C20Ha02 0002212 pos |
12 1.3202  261.1280 pantetheine T 2 e CuH2N204S 0003426 pos 1
13 1.3057  192.0664 5-phenyl-1,3-oxazinane-2,4-dione 5-43k-1,3-NEHE)E-2,4- CioHsNO3 0060400 pos |
14 13202  359.1043 pantetheine 4’-phosphate BEAE % 4- BER. W ERR CuHsN07PS 0001416 pos 1
15 1.3202 2421009 zeatin S\ C1oH13Ns0 0012204 pos |
16 1.3057  146.0608 3-methyldioxyindole 3- Rk A CoHoNO2 0004186 pos |
17 11896  269.0890 inosine LE CwoH12N4Os 0000195 pos 1
18 1.2984  166.0866 p-coumaraldehyde AR CoHs02 0040986 pos |
19 0.7884  159.0279 threonic acid AR C4HsOs 0000943 pos 1
20 1.1823  268.1046 zidovudine FERE CwoH13NsOs 0014638 pos 1
21 14994  122.0965 tropinone S CgH1aNO 0304521 pos 1
22 11246  136.0754 2-phenylacetamide 2- R FE B CsHsNO 0010715 pos |
23 1.3129  184.0979  3-(2-hydroxyphenyl) 3-(2-FRERE) AR CoH1003 0033752 pos |
propanoic acid
24 16637 9315867 sirolimus 7% 5] CsiHNO1i3 0015015 pos 1
25 61412 3052485 (—)-trans-carveol ()-SR FEHEE CioH160 0003450 pos |
26 39087 6123298 lysoPC [22 : 6(42,72,107,13Z,16 W ILBENGHEINGL [22 1 6 (4Z, CxpHsNOP 0010404 neg |
7,192)/0 : 0] 72,102,137,162,19Z) /0 : 0]
27 45940  566.3446 lysoPC [18 : 1(112)/0 : 0] T REmEAEsL [18 - CxHs:NO7P 0010385 neg |
1(112)/0 : 0]
28 0.7154  167.0191 uric acid JRIR CsHaN4Os3 0000289 neg |
29 12064  283.0674 xanthosine FENZENS C10H12N4Os 0000299 neg |
30 2.6634  498.2881 taurochenodesoxycholic acid TEHRIRIGER C2HssNOsS 0000951 neg 1
31 25179  514.2844 taurocholic acid (¥]fIH) AR C6HssNO7S 0000036 neg |
32 11844  267.0723 inosine JilIRz; CioH2N4Os 0000195 neg 1
33 14190 203.0808 L-tryptophan Lt R CuHN0, 0000929 neg |
34 6.1424  303.2336 arachidonic acid 1A DU ER CaoH302 0001043 neg |
35 11844 1350290 L-lactic acid L-FL% CsHgOs 0000190 neg 1

s R A S X A RS - LTk |- pos-IEES T neg-fi B T,
Trend refers to changing pattern when comparing treatment group with control group; 1-rise; |-descend; pos- positive ion mode; neg-negative ion mode.
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Fig. 8 Venn diagram of differential metabolites between

the administration group and the withdrawal group
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Fig. 9 Effects of dictamnine on metabolic pathways of differential metabolites in rat liver
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Fig. 11 Schematic diagram of mechanism of effect of dictamnine on metabolism in rats
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