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Animal model 

The standard conversion formula is: HED (mg/kg) = Animal Dose (mg/kg) × (Animal Km / 

Human Km) [1]. For mice to human conversion: Mouse Km factor = 3, Human Km factor 

= 37. The standard daily dose of isoniazid for adults is usually 5mg/kg [2]. Therefore: 

Animal Dose = 5 mg/kg × (37/3) ≈ 61.7 mg/kg. This calculated Animal Dose (~61.7 mg/kg) falls 

well within the standard therapeutic range for INH in humans (5 mg/kg/day) and is 

notably below the doses commonly associated with clinical hepatotoxicity risk 

(often >10 mg/kg/day, especially in slow acetylators or with concomitant risk factors 

like rifampicin co-administration or pre-existing liver disease). While the absolute 

mouse dose (100 mg/kg) appears high compared to the human therapeutic dose (5 

mg/kg), the HED calculation confirms that the relative systemic exposure in our mouse 

model (~ 61.7 mg/kg HED) is clinically relevant and approximates doses known to 

cause hepatotoxicity in susceptible human populations.  

In addition, in rodent studies, especially in rat studies, the commonly used dose of 

INH obtained through oral exposure is 50-55 mg/kg, with varying durations [3, 4]. We 

now supplement the fundamental principles by calculating the HED based on body 

surface area normalized in accordance with FDA guidelines and widely accepted 

principles [1]. The standard conversion formula is: Animal rat (mg/kg) = Animal mouse 

(mg/kg) × (Animal mouse Km/Animal rat Km). For rat to mouse conversion: Rat Km 

factor = 6, Mouse Km factor = 3. Therefore: Animal mouse = 50-55 mg/kg / (3/6) = 

100-110 mg/kg, that is, the dose administered in mice is twice that given in rats. This 

provides a strong pharmacokinetic/pharmacodynamic basis for our selected dose in 

reproducing INH-ILI. 

 

UPLC-MS/MS Metabolomics Experimental Procedures and Data Analysis 

Methods for extraction of hydrophilic compounds 

Liver tissue samples (20 mg ± 1 mg) were individually weighed into labeled centrifuge 



 

tubes. Each sample was homogenized with a steel ball using a ball mill (30 Hz, 20 s). 

After centrifugation (3000 rpm, 30 s, 4°C), 400 µL of 70% methanol-water solution 

(containing an internal standard) was added, followed by shaking (2500 rpm, 5 min) 

and incubation on ice (15 min). Subsequent centrifugation (12000 rpm, 10 min, 4°C) 

yielded a supernatant; 300 µL of this supernatant was transferred to a new tube and 

stored at -20°C for 30 min. A final centrifugation step (12000 rpm, 3 min, 4°C) provided 

a supernatant from which 200 µL was transferred to sample vials for analysis. 

 

UPLC Conditions of hydrophilic compounds 

Chromatographic separation was achieved using a Waters ACQUITY UPLC HSS T3 

C18 column (1.8 µm, 2.1 mm × 100 mm). The mobile phases were as follows: Phase 

A, ultra-pure water (0.1% formic acid); Phase B, acetonitrile (0.1% formic acid). The 

elution gradient was as follows: 0 min, 95:5 (water: acetonitrile, V/V); 2.0 min, 80:20 

(V/V); 5.0 min, 40:60 (V/V); 6.0 min, 1:99 (V/V); 7.5 min, 1:99 (V/V); 7.6 min, 95:5 

(V/V); 10.0 min, 95:5 (V/V). The flow rate was 0.4 mL/min, the column temperature 

was 40°C, and the injection volume was two μL. 

 

ESI-Q TRAP-MS/MS of hydrophilic compounds 

Electrospray ionization (ESI) was performed at 500 °C, with a mass spectrum voltage 

of 5500 V (positive mode) or -4500 V (negative mode). Ion source gases were set to 55 

psi (Gas I) and 60 psi (Gas II), and the curtain gas (CUR) to 25 psi. Collision-activated 

dissociation (CAD) was set to high. Optimized declustering potential (DP) and collision 

energy (CE) parameters were used for each ion pair in the triple quadrupole-linear ion 

trap (QTRAP) mass spectrometer. 

 

Methods for extraction of hydrophobic compounds 

Lipid extraction involved adding 1 mL of internal standard-containing methyl tert-butyl 

ether: methanol (3:1, V/V) to the sample, followed by swirling (15 min). After adding 

200 µL of water and swirling (1 min), centrifugation (12000 rpm, 10 min, 4°C) was 

performed. 200 µL of the supernatant was transferred, dried completely, and then 



 

reconstituted in 200 µL of acetonitrile: isopropyl alcohol (1:1, V/V) by swirling (3 min). 

A final centrifugation (12000 rpm, 3 min, 4°C) prepared the supernatant for UPLC-

MS/MS analysis. 

 

UPLC Conditions of hydrophobic compounds 

A Thermo Accucore™ C30 column (2.6 µm, 2.1 mm × 100 mm) was used for 

chromatographic separation. Mobile phase: Phase A, acetonitrile/water (60/40, V/V) 

(0.1% formic acid, 10 mmol/L ammonium formate); Phase B, acetonitrile/isopropyl 

alcohol (10/90, V/V) (0.1% formic acid, 10 mmol/L ammonium formate). Elution 

gradient: 0 min, 80:20 (A/B, V/V); 2 min, 70:30 (V/V); 4 min, 40:60 (V/V); 9 min, 

15:85 (V/V); 14 min, 10:90 (V/V); 15.5 min, 5:95 (V/V); 17.3 min, 5:95 (V/V); 17.5 

min, 80:20 (V/V); 20 min, 80:20 (V/V). Flow rate: 0.35 mL/min; Column temperature: 

45°C; Injection volume: 2 μL. 

 

ESI-Q TRAP-MS/MS of hydrophobic compounds 

ESI was performed at 500°C, using a mass spectrum voltage of 5500 V (positive ion 

mode) and -4500 V (negative ion mode). Ion source gases were set to 45 psi (Gas 1) 

and 55 psi (Gas 2), with the CUR was set to 35 psi. The CAD parameter was set to 

medium. Each ion pair was scanned in the QTRAP system using optimized DP and CE 

values. 
 
  



 

 

 
Figure S1. Comparison of BW and LW between the control and INH-ILI groups. (A) BW and 
(B) LW measurements for the control and INH-ILI groups, respectively (n = 10). All the Data are 
presented as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 versus the control 
group. 
  



 

 
Figure S2. Representative Raman spectra are obtained from liver tissue samples in control 
and INH-ILI groups. The data for the control group are shown in (A), followed by the INH-ILI 7- 
(B), 14- (C), 21- (D), and 28-day (E) groups, respectively.



 

 
Figure S3. The average Raman spectrum within the range of 3200-3500 cm⁻¹. 

 



 

 

 
Figure S4. Heat maps depicting Raman spectral intensities for both control and INH-ILI 
groups. (A) Heat map in the range of 600-1800 cm⁻¹. (B) Heat map in the range of 2500-3300 cm⁻¹. 
  



 

 
Figure S5. Partial Raman spectral difference in the characteristic peak intensities between the 
control and INH-ILI groups. Peak intensities at (A) 970, (B) 1082, (C) 1306, (D) 1366, (E) 1395, 
(F) 1441, (G) 1589, and (H) 1657 cm-1 for both control and INH-ILI groups, respectively. All the 
Data are presented as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 versus the 
control group.



 

 
Figure S6. UAMP, tSNE, and ROC plots for the control and INH-ILI groups. (A) UMAP plots 
for the control and INH-ILI groups. (B) tSNE plots for the control and INH-ILI groups. (C) ROC 
plots for the control and INH-ILI groups.



 

 
Figure S7. t-SNE plots for the control and INH-ILI groups. Comparisons include control versus 
INH-ILI 7- (A), 14- (B), 21- (C), and 28-day (D) groups, respectively. 
  



 

 
Figure S8. RF, XGBoost, and CNN verification plots and ROC curves of the control and INH-
ILI groups. (A) RF verification plots for the control and INH-ILI groups. (B) XGBoost verification 
plots for the control and INH-ILI groups. (C) CNN verification plots for the control and INH-ILI 
groups. (D) RF ROC curves for the control and INH-ILI groups. (E) XGBoost ROC curvesROC 
curves for the control and INH-ILI groups. (F) CNN ROC curves for the control and INH-ILI groups. 



 

 
Figure S9. PCA, PLS-DA, and OPLS-DA plots for the control and INH-ILI groups. (A-C) PCA 
plots for the control group versus the INH-ILI 7-, 14-, and 28-day groups, respectively. (D-F) PLS-
DA plots for the control group versus the INH-ILI 7-, 14-, and 28-day groups, respectively. (G-I) 
OPLS-DA plots for the control group versus the INH-ILI 7-, 14-, and 28-day groups, respectively.  



 

 
Figure S10. A widely targeted metabolomics analysis compares the control versus INH-ILI 14-
day groups. (A) Cluster of heatmaps of differential metabolites of the control versus the INH-ILI 
14-day groups. Red and blue stand for high and low metabolomic expression levels, respectively. 
(B) Volcano plots of differential metabolites of the control versus the INH-ILI 14-day groups. Each 
point in the volcanic map represents a metabolite, where red and blue respectively represent 
upregulated and downregulated differential metabolites, and gray represents the metabolites that are 
detected but not significantly different; the abscissa represents the logarithm of the multiple of the 
relative content difference of a metabolite between the two groups of samples (log2(Fold Change)). 
The larger the absolute value of the abscissa, the more significant the relative difference in the 
content of the substance between the two groups of samples. The ordinate represents the significance 
level of the difference, and the point size represents the VIP value. (C) The bar chart of differential 
metabolites of the control versus the INH-ILI 14-day groups. The differential metabolites' log2(Fold 
Change) is plotted on the abscissa. Red and blue represent the upregulation and downregulation of 
metabolite levels, respectively. (D) The string diagrams of differential metabolites of the control 
versus the INH-ILI 14-day groups. The outermost layer represents the names of differentially 
expressed metabolites, the size of the points represents the log2(Fold Change) value of the 
corresponding differentially expressed metabolite, different colors represent different categories of 
corresponding differentially expressed metabolites, and the thickness of the lines represents the 
magnitude of the Pearson correlation coefficient between corresponding differentially expressed 
metabolites, with red lines representing positive correlation and blue lines representing negative 
correlation.  



 

 
Figure S11. A widely targeted metabolomics analysis compares the control versus INH-ILI 28-
day groups. (A) Cluster of heatmaps of differential metabolites of the control versus the INH-ILI 
28-day groups. Red and blue stand for high and low metabolomic expression levels, respectively. 
(B) Volcano plots of differential metabolites of the control versus the INH-ILI 28-day groups. Each 
point in the volcanic map represents a metabolite, where red and blue respectively represent 
upregulated and downregulated differential metabolites, and gray represents the metabolites that are 
detected but not significantly different; the abscissa represents the logarithm of the multiple of the 
relative content difference of a metabolite between the two groups of samples (log2(Fold Change)). 
The larger the absolute value of the abscissa, the more significant the relative difference in the 
content of the substance between the two groups of samples. The ordinate represents the significance 
level of the difference, and the point size represents the VIP value. (C) The bar chart of differential 
metabolites of the control versus the INH-ILI 28-day groups. The differential metabolites' log2(Fold 
Change) is plotted on the abscissa. Red and blue represent the upregulation and downregulation of 
metabolite levels, respectively. (D) The string diagrams of differential metabolites of the control 
versus the INH-ILI 28-day groups. The outermost layer represents the names of differentially 
expressed metabolites, the size of the points represents the log2(Fold Change) value of the 
corresponding differentially expressed metabolite, different colors represent different categories of 
corresponding differentially expressed metabolites, and the thickness of the lines represents the 
magnitude of the Pearson correlation coefficient between corresponding differentially expressed 
metabolites, with red lines representing positive correlation and blue lines representing negative 
correlation.  
  



 

 
Figure S12. The boxplots illustrate the representative differential metabolites between the 
control and INH-ILI 7-day groups. The abscissa represents the names of differential metabolites, 
while the ordinate indicates their relative content. All the Data are presented as mean ± SD. *P < 
0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 versus the control group.   



 

 
Figure S13. The boxplots illustrate the representative differential metabolites between the 
control and INH-ILI 14-day groups. The abscissa represents the names of differential metabolites, 
while the ordinate indicates their relative content. All the Data are presented as mean ± SD. *P < 
0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 versus the control group.  



 

 
Figure S14. The boxplots illustrate the representative differential metabolites between the 
control and INH-ILI 28-day groups. The abscissa represents the names of differential metabolites, 
while the ordinate indicates their relative content. All the Data are presented as mean ± SD. *P < 
0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 versus the control group.  



 

 
Figure S15. Expression levels of L-phenylalanine, L-tyrosine, L-tryptophan, and 
Phenylalanine-Tyrosine were compared between the control versus INH-ILI 14- and 28-day 
groups. The abscissa represents the names of differential metabolites, while the ordinate indicates 
their relative content. All the Data are presented as mean ± SD. *P < 0.05 versus the control group, 
ns, not significant.  



 

 
Figure S16. The KEGG differential abundance scores for the control versus INH-ILI 7-, 14-, 
and 28-day groups. KEGG of control versus INH-ILI 7- (A), 14- (B), and 28-day (C) groups. The 
ordinate denotes different pathway names sorted by P-value, while the abscissa reflects differential 
abundance scores (DA scores). The DA score encapsulates total changes in all metabolites within a 
given pathway: a score of 1 signifies that all identified metabolites in this pathway exhibit an up-
regulated expression trend, whereas a score of -1 indicates a down-regulated trend. The length of 
each line segment corresponds to the absolute value of the DA score; more significant segments 
suggest more significant overall down-regulation when positioned to the left of the central axis or 
up-regulation when on the right side. Additionally, dot size at segment endpoints correlates with 
metabolite quantity within pathways- the larger dots indicate more metabolites present. Color 
coding for line segments and dots reflects P-value magnitude: red hues signify smaller P-values, 
while purple shades indicate larger ones. 
  



 

Table S1. The leading positions of the Raman vibration peaks and the corresponding 

representative compounds in control and INH-ILI liver tissues. 

Position Vibrational mode Major assignment 

749 [5-8] Symmetric ring breathing Tryptophan 

970 [9] 
Phosphate monoester groups of 

phosphorylated 
Proteins and nucleic acids 

1004 [8, 10] C-C symmetric ring stretching Phenylalanine 

1082 [11] PO-2 symmetric stretching     Nucleic acids and phospholipids 

1128 [6, 12, 13] C-C stretching   Lipids 

1169 [6] C-C stretching    Tyrosine 

1203 [14] C-C6H5 stretching L-tryptophan and Phenylalanine 

1230 [9] 
Antisymmetric phosphate 

stretching 
Amide III (β-pleated sheet) 

1266 [15] C=C bending Lipids  

1306 [6, 8] CH3/CH2 twisting or bending Collagen and phospholipids 

1338 [16] CH2 deformation Collagen 

1366 [10] CH3 stretching Phospholipids  

1395 [5, 17] CH rocking Tryptophan 

1441 [18] CH3 scissoring & CH2 bending Lipids 

1589 [5, 6] C=C bending Phenylalanine and tryptophan 

1638 [7, 10]  
Intermolecular bending mode of 

water 

1657 [9, 19-22] C=C stretching  Fatty acids, triglycerides 

1746 [7] C=O stretching Lipids  

 

Table S2. AUC value of ROC curve in control and INH-ILI groups. 

 7d 14d 21d 28d 

Control 0.9677 0.9895 0.9976 0.9974 



 

Table S3. Results of differential metabolite screening between the control and the 

INH-ILI 7-day groups. 

Index Compounds Type 

MEDP2765 PAF C-18:1 Up 

LIPID-N-1351 PS (20:1_22:5) Up 

MEDN0797 PGJ2 Up 

MEDN2334 Carbenoxolone Up 

MEDN1082 8-isoprostaglandin F1α Up 

LIPID-N-1360 PS (18:2_22:5) Up 

MEDN1824 3-keto Petromyzonol Up 

MEDN0536 estrone 3-sulfate Up 

LIPID-N-0301 PC (22:5_14:1) Up 

MEDP1171 Butenoyl-PAF Up 

MEDN0771 15-oxoETE Up 

MEDN1904*213 Glycodeoxycholic acid Up 

MEDN0113*213 Glycochenodeoxycholic Acid Up 

MEDN0776 5(S),15(S)-DiHETE Up 

MEDP1393 Carnitine C18:4 Up 

MEDN0792 PGE1 Up 

LIPID-N-1224 PG (22:5_22:6) Up 

MEDP2870 Carnitine C22:5 Up 

MEDP2255 Chrysoeriol Up 

MEDP1029 Hispidol Up 

LIPID-P-2318 TG (16:1_18:1_16:4) Down 

LIPID-P-1030 TG (14:1_16:1_18:2) Down 

LIPID-P-2607 Cer (d27:1/30:1(2OH)) Down 

LIPID-P-1232 TG (14:0_20:5_22:6) Down 

LIPID-P-1223 TG (18:2_18:3_20:5) Down 

LIPID-P-2621 Cer (d28:2/31:1(2OH)) Down 



 

 

Index Compounds Type 

LIPID-P-1166 TG (16:1_16:1_20:5) Down 

LIPID-P-0961 TG (12:0_16:1_18:2) Down 

LIPID-P-2618 Cer (d28:1/29:1(2OH)) Down 

LIPID-P-2279 TG (13:0_18:1_18:2) Down 

LIPID-P-1960 Cer (t18:2/38:2(2OH)) Down 

LIPID-P-2636 Cer (d30:2/29:1(2OH)) Down 

LIPID-P-2637 Cer (d30:3/29:0(2OH)) Down 

LIPID-P-1130 TG (14:0_16:1_20:5) Down 

LIPID-P-2476 Cer (d15:1/42:1(2OH)) Down 

LIPID-P-1028 TG (10:0_18:1_18:3) Down 

LIPID-P-2488 Cer (d17:1/40:1(2OH)) Down 

LIPID-P-2350 TG (17:2_18:2_22:6) Down 

LIPID-P-1034 TG (16:1_17:1_16:2) Down 

LIPID-P-1238 TG (18:2_20:5_20:5) Down 

  



 

Table S4. Results of differential metabolite screening between the control and the 

INH-ILI 14-day groups. 

Index Compounds Type 

LIPID-N-0993 PC (14:1_16:1) Up 

MEDP1933*117 Cyclopentylglycine Up 

MEDP1974*117 1-Methylpiperidine-2-carboxylic acid Up 

MEDN0439 N-Acetylthreonine Up 

LIPID-N-1044 PC (15:0_22:6) Up 

LIPID-N-1403 PI (15:1_16:1) Up 

LIPID-N-0458 PG (16:1_20:4) Up 

LIPID-N-0533 PI (20:4_16:1) Up 

MEDP1029 Hispidol Up 

MEDP2255 Chrysoeriol Up 

MEDP1274 (4Z,7Z,10Z,13Z,16Z,19Z)-Eicosahexaenoate Up 

MEDP1288 Chrysophanol Up 

MEDN1181 5-hydroxyindole acetaldehyde Up 

MEDP1393 Carnitine C18:4 Up 

MEDN0776 5(S),15(S)-DiHETE Up 

MEDP2870 Carnitine C22:5 Up 

MEDN0771 15-oxoETE Up 

MEDN1824 3-keto Petromyzonol Up 

LIPID-N-1171 PG (16:1_16:2) Up 

LIPID-N-0982 PC (12:0_16:1) Up 

LIPID-P-1957 Cer (t18:1/40:2(2OH)) Down 

MEDN1880 Hydroferulic acid Down 

LIPID-P-1020 TG (24:0_18:1_18:2) Down 

MEDP1379 Carnitine C21:3 Down 

MEDP1040 N-(2-hydroxyethyl) stearamide Down 

LIPID-P-2339 TG (20:0_18:2_18:2) Down 



 

 

Index Compounds Type 

LIPID-P-1008 TG (18:1_18:2_22:0) Down 

MEDN1886 L-3-Phenyllactic acid Down 

LIPID-P-2497 Cer(d17:3/42:1(2OH)) Down 

MEDN1213 2-(4-hydroxyphenyl) propionate Down 

LIPID-P-2613 Cer (d27:2/32:2(2OH)) Down 

LIPID-P-2622 Cer (d28:3/31:1(2OH)) Down 

LIPID-P-2576 Cer (d23:2/36:2(2OH)) Down 

LIPID-P-1126 TG (24:1_18:2_18:2) Down 

LIPID-P-2551 Cer (d19:3/40:1(2OH)) Down 

LIPID-P-2631 Cer (d29:2/30:2(2OH)) Down 

LIPID-P-2604 Cer (d26:3/33:1(2OH)) Down 

LIPID-P-1056 TG (16:0_18:0_20:4) Down 

MEDN0485 1,6-di-O-phosphono-D-fructose Down 

LIPID-P-2578 Cer (d23:3/36:1(2OH)) Down 

 

  

  



 

Table S5. Results of differential metabolite screening between the control and the 

INH-ILI 28-day groups. 

Index Compounds Type 

LIPID-N-0458 PG (16:1_20:4) Up 

MEDN0792 PGE1 Up 

MEDN1814 Dihydrodaidzein Up 

MEDN1597 Phosphatidylethanolamine lyso alkenyl 16:0 Up 

LIPID-N-0993 PC (14:1_16:1) Up 

LIPID-N-1044 PC (15:0_22:6) Up 

LIPID-N-0534 PI (16:0_20:5) Up 

MEDN1491 Equol Up 

MEDN1824 3-keto Petromyzonol Up 

MEDN1082 8-isoprostaglandin F1α Up 

LIPID-N-0533 PI (20:4_16:1) Up 

MEDN0536 estrone 3-sulfate Up 

LIPID-N-0056 PGE2 Up 

MEDP2092 2,4-Quinolinediol Up 

MEDP2255 Chrysoeriol Up 

MEDN2285 Chrysin-7-O-glucuronide Up 

MEDP1029 Hispidol Up 

LIPID-N-1171 PG (16:1_16:2) Up 

MEDP1288 Chrysophanol Up 

LIPID-N-0982 PC (12:0_16:1) Up 

LIPID-P-1127 TG (14:1_18:2_18:3) Down 

LIPID-P-1193 TG (14:1_16:1_22:6) Down 

LIPID-P-1032 TG (12:0_18:1_18:3) Down 

LIPID-P-2497 Cer (d17:3/42:1(2OH)) Down 

LIPID-P-2607 Cer (d27:1/30:1(2OH)) Down 

LIPID-P-2622 Cer (d28:3/31:1(2OH)) Down 



 

 

Index Compounds Type 

LIPID-P-2631 Cer (d29:2/30:2(2OH)) Down 

LIPID-P-1232 TG (14:0_20:5_22:6) Down 

LIPID-P-1239 TG (14:0_22:6_22:6) Down 

LIPID-P-2495 Cer (d17:2/42:1(2OH)) Down 

LIPID-P-2576 Cer (d23:2/36:2(2OH)) Down 

LIPID-P-2613 Cer (d27:2/32:2(2OH)) Down 

LIPID-P-2598 Cer (d25:3/34:1(2OH)) Down 

LIPID-P-2274 TG (12:0_16:1_22:6) Down 

LIPID-P-2575 Cer (d23:2/36:1(2OH)) Down 

LIPID-P-1998 Cer (t28:2/30:2(2OH)) Down 

LIPID-P-2637 Cer (d30:3/29:0(2OH)) Down 

LIPID-P-2305 TG (15:1_18:1_18:3) Down 

LIPID-P-1130 TG (14:0_16:1_20:5) Down 

LIPID-P-2001 Cer (t30:2/28:2(2OH)) Down 
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