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Emodin is one of the most representative natural anthraquinone polyphenols and the liver is one of the 

major target organs for drug-induced toxicology. The hepatocyte is frequently affected due to its role in 

emodin metabolism and accumulation. Although the hepatotoxicity of emodin has been reported, its 

toxicological mechanism is still unclear. The purpose of the present study was to evaluate  the  

cytotoxicity  of  emodin  in  cultured  human  normal liver  cells (L-02), to investigate the toxicity-related 10 

metabolic pathways and to predict the possible  toxicity mechanism. Cell viability was analyzed by 3-(4, 

5-dimethylthiazol-2yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. Cytotoxicity tests demonstrated a 

concentration-dependent toxic effect of emodin on L-02 cells. Cells were treated for 48 h with low, 

medium and high doses of emodin, respectively. And then subjected to metabolomics analysis using 

ultra-high performance liquid chromatography-tandem mass spectrometric (UPLC-MS). Intracellular 15 

metabolomics analysis revealed that emodin significantly disturbed cellular glutathione and fatty acid 

metabolism. In addition, emodin-cysteine adduct was firstly identified in cell cultured medium, and the 

level of it was increased with increasing concentrations of emodin. The possible relationship among 

metabolism disorders, adduct formation and emodin hepatotoxicity was also discussed. This study 

provides the new insight into the cytotoxicity of emodin on metabolic pathways in human liver cells.  20 

1 Introduction  

Emodin, a natural anthraquinone polyphenol distributed in 

several popular Chinese herbal medicines including Rheum 

palmatum,  Polygonum multiflorum,  Cassia acutifolia  and  Aloe 

vera, has a wide range of therapeutic applications, including a 25 

reducing agent in type 2 diabetes1, 2 and an anticancer agent in 

various cancers such as pancreas et,al3, 4. However, its side-

effects, such as genotoxicity5, 6, embryonic toxicity7 and 

nephrotoxicity8 have been reported in the past few decades. 

Moreover, it has been revealed to cause in vivo hepatotoxicity9, 10.  30 

 Using well-designed in vitro assays is now an efficient 

approach for predicting chemicals’ toxicity to humans, which 

would facilitate the mechanism understanding of the mode of 

action. In previous studies, the cytotoxicity of chemicals such as 

perfluorooctanoic acid and pyrrolizidine has been researched in 35 

human liver cells11, 12. Emodin-induced cell injury has been 

disclosed via disrupting mitochondrial function 13, regulating 

protein kinase C expression14, 15 and inducing DNA damage 16. 

However, only few studies focus on the mechanism of emodin-

induced hepatocyte cytotoxicity. A recent study revealed that 40 

accumulation of emodin in hepatocyte cytoplasm could 

contribute to hepatocyte injury 17. 

 Drug-induced cytotoxicity is related to cell metabolism. 

Metabolomic is an omics technology that enables cellular 

functions to be analyzed via a holistic view of metabolic 45 

pathways. Of several metabolic detection techniques, liquid 

chromatography–mass spectrometry (LC-MS) suits the 

simultaneous profiling of lipid-related metabolic pathways, e.g., 

fatty acids, steroids, phospholipids and acylcarnitine pathways18, 

19. In this study, an UPLC-MS-based metabolomics approach was 50 

applied to the study of emodin-disturbed hepatocyte metabolism. 

L-02, one of the commonly used human normal liver cell lines for 

in vitro evaluation cytotoxicity that induced by drugs, was chosen 

as the model system to evaluate the hepatotoxicity of emodin. 

Such as, Ma and colleagues and some other researchers’ studies 55 

showed that this cell line is fit to analysis of drug-induced 

hepatotoxicity 20, 21, 22. 

 The primary goal of this study was to investigate emodin-

induced cytotoxicity in human normal liver cells (L-02), to assess 

the toxicity-related metabolic pathways and to explore toxicity-60 

related mechanism. Cell viability was determined using MTT 

assay. After cultivated for 48 h with different doses of emodin 

(low, medium and high), respectively, the intracellular 

metabolites in cell samples were extracted for subsequent 

metabolomics study, and the corresponding cell cultured medium 65 

was prepared for emodin-cysteine adduct analysis. The formation 

of emodin-cysteine adduct in liver cells may contribute to 

emodin-induced metabolic disorder. Our findings provide 

insights into the mechanism of emodin-induced hepatotoxicity, 

and are potentially of clinical significance to diagnose emodin-70 

induced hepatotoxicity.  
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2 Materials and methods 

2.1 Materials 

Methanol and acetonitrile (HPLC grade) were obtained from 

Sigma-Aldrich (St. Louis, MO, USA). Formic acid (HPLC grade) 

was purchased from Kemiou (Tianjin, China). Roswell Park 5 

Memorial Institute-1640 (RPMI-1640) medium and fetal bovine 

serum (FBS) was obtained from Gibco (Grand Island, N.Y, USA). 

3-(4, 5-dimethylthiazol-2yl)-2, 5-diphenyltetrazolium bromide 

(MTT), dimethylsulfoxide (DMSO) and Bradford protein 

measurement kit were purchased from Solarbio (Beijing, China). 10 

Emodin (CAS No. 518-82-1, 98% purity), was obtained from 

National Institutes for Food and Drug Control (Beijing, China). 

Reverse osmosis deionized glass distilled water was obtained in 

house using a Milli-Q system with a 0.22 μm Millipore filter 

(Millipore, USA).  15 

2.2 Cell culture 

Human normal liver cells (L-02; obtained from Shanghai Obio 

Biotech. Corp., Ltd, Shanghai, China) were cultured at 37 ℃ in 

RPMI-1640 medium supplemented with 10% FBS (Gibco, Grand 

Island, N.Y, USA) in a humidified 5% CO2 atmosphere. The cells 20 

were detached using cell scrapper for metabolomics experiment 23. 

2.3 Cell viability assay 

MTT assay was used to measure cell viability. Equal number of 

L-02 cells (106/ml) was seeded into 96-well plates (3 replicates 

for each concentration). Cells were cultivated for 24 h and were 25 

then treated for 48 h with series of concentrations of emodin in 

fresh cultured medium ranged from 10 to 120 μM, respectively. 

Cells with non-emodin medium served as control and medium 

without cells served as blank. Then, 15 μl of MTT (5 mg/ml) was 

added to each well and incubation was continued for 4 h at 37 ℃. 30 

After discarding the medium, the formazan products were 

dissolved with 150 μl DMSO and the optical density (OD) values 

at 570 nm were determined using a Sunrise micro plate 

absorbance reader (TECAN. Austria). Inhibition rates of emodin 

were calculated using following equation. And the inhibition ratio 35 

curve of emodin was depicted using Graphpad Prim (version 5.0, 

Intuitive Software for Science, San Diego, CA, USA) accordingly. 

%100
OD -OD

OD -OD
n

570blank570control

570dosed570control ratehibitionI  

2.4 Assay for intracellular metabolomics study 

Equal number of L-02 cells (106/ml, 2 ml) was seeded into 6-well 40 

plates (6 replicates for each group). Cells were cultivated for 24 h 

and were then treated for 48 h with the different concentrations 

(10 μM, 20 μM and 30 μM) of emodin in fresh cultured medium. 

Vehicle-treated cells (treated with medium) served as control, and 

blank medium with emodin (without cells) served as blank 45 

control. Cells were quenched using 1 ml chilled methanol, 

washed three times with 50 mM phosphate buffered saline (PBS, 

pH 7.4), washed once with water to remove saline solution, 

scrapped by cell scraper, centrifuged at 92 ×g for 5 min to obtain 

cell pellets, and stored at -80℃ until further analysis. 50 

 The method of metabolite extraction was described in previous 

research with little modifications 23. Briefly, 200 μl of chilled 80% 

(v/v) methanol solution was added to quench the enzymatic 

reactions. Cell lysate was prepared with homogenization using 

the mini-beadbeater 16 (Biospec, USA) (homogenization for 55 

1min, internal for 20s, twice), and centrifuged at 4℃, 20, 627 ×g 

for 10 min. The supernatant was dried under vacuum and then 

reconstituted with 100 μl of 5% acetonitrile. The protein 

precipitated in each sample was quantified using Bradford protein 

measurement kit (Solarbio, China) according to manufacturer 60 

instructions. The total protein contents were used to calibrate the 

slight differences in the number of cells among different groups. 

A quality control (QC) sample was prepared by mixing 20 μl 

aliquots of each sample. The samples were stored at -80℃ prior 

to LC-MS analysis. 65 

 The UPLC-MS analysis was carried out using an Agilent 1290 

ultra performance liquid chromatography system coupled with 

Agilent 6520 time-of-flight mass spectrometry, using a Zorbax 

Eclipse plus C18 column (RRHD1.8 μm, 3.0×150 mm; Agilent, 

USA). The column temperature was maintained at 50 ℃, and the 70 

injection volume was 5 μl. The separation was performed using a 

gradient program with water (solvent A, modified by the addition 

of 0.1% formic acid) and acetonitrile (solvent B). The pump flow 

rate was 0.3 ml/min with an initial solvent composition of 5% B. 

The gradient was conducted from 5- 50% B over 3 min, 50-100% 75 

B over 3-15 min, held at 100% B for 5min, decreased to 5% B 

within 1 min, and held at 5% B for 5 min .To ensure the 

repeatability and stability of the instrument, QC sample was 

analyzed twice prior to the first initial injection, and analyzed 

once every eight sample injections during analysis process. All 80 

samples were injected randomly. 

 Mass spectrometry and accurate mass acquisition were 

operated in electrospray ionization mode. The optimal capillary 

voltage and the cone voltage were set at 3.5 kV and 40 V, 

respectively. The nebulization gas flow rate was set at 8 L/min 85 

and the liquid nebulizer was set at 40 psig. The capillary 

temperature was set at 350℃.  Data were acquired at a rate of 1 

spectrum per second for MS and 3 spectra per second for MS/MS 

(centroid mode). The collision energy for MS/MS was 10, 20 or 

40 eV according to the properties of metabolites. The mass scan 90 

range was from 100 to 1000 for MS and 30 to 1000 for MS/MS. 

The real-time correction method was used to increase the 

accuracy and stability of the mass. 

2.5 Emodin-Cysteine analysis and identification 

The cell cultured medium was centrifuged at 1467 ×g for 10 min 95 

to remove debris. A 200 μl aliquot of cell cultured medium was 

taken into a 1.5 ml centrifuge tube. Then, 400 μl of acetonitrile 

was added, and the mixture was oscillated for 5 min, stand for 30 

min at 4 ℃ and centrifuged at 20,627 ×g for 10 min to remove 

protein. The supernatant was dried under vacuum and 100 

reconstituted with 100 μl of 5% acetonitrile. A quality control 

(QC) sample was prepared by mixing 20 μl aliquots of each 

sample to ensure the stability of the instrument. The instrumental 

analysis method was identical with that mentioned in Section 2.4. 

The identification of emodin-cysteine adduct was based on the 105 

accurate mass matching, MS/MS fragment explanation and 

chemical synthesis result comparison. 
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Fig.1 Metabolomic profiles of the control and emodin-treated groups in positive and negative mode using UPLC-MS system. (a) PCA scatter plot. (b) 

PLS-DA scatter plot (Positive mode, R2X, 0.719; R2Y, 0.989; Q2 (cum), 0.899; negative mode, R2X, 0.872; R2Y, 0.98; Q2 (cum), 0.967). The artwork was 

created using SIMCA-P 11.0 (Umetrics, Sweden) software.

2.6 Analysis of metabolomics data  5 

Raw data were analyzed using XCMS online 24, which follows 

typical data processing steps, including peak discrimination, peak 

filtering, peak alignment, noise elimination and the generation of 

a matrix that consisted of the retention time, m/z value and the 

peak areas. Peak areas were firstly calibrated by protein 10 

quantification coefficient to eliminate cells number inference and 

then normalized by probabilistic quotient normalization (PQN), 

log transformation and Pareto scaling to make features more 

comparable. Variables, whose CV% (Coefficients of variations) 

were more than 30% (CV% were calculated based on QC data), 15 

were removed from further statistical analysis 25. 

 Pattern recognition analysis (principal component analysis, 

PCA; partial least squares discriminate analysis, PLS-DA) was 

carried out using SIMCA-P 11.0 (Umetrics, Sweden) software. 

Student’s t test (two-tailed) was used for statistical comparisons. 20 

The relative concentration of differential metabolites was 

expressed in a heatmap. Data analysis and heatmap visualization 

was conducted using Graphpad Prism (version 5.0, Intuitive 

Software for Science, GraphPad Software company, San Diego, 

CA, USA) and MeV software (version 4.9.0, Dana-Farber Cancer 25 

Institute, Boston, MA, USA), respectively.  

 The identification of the significant metabolites was performed 

based on the published identification strategy 26. The following 

steps were carried out. First, the quasimolecular ions were 

confirmed according to extracted ions chromatogram (EIC). 30 

Second, the exact masses of monoisotopic molecular weights 

were used to search our in-house human metabolites fluid 

database and the free online databases, including METLIN 

(http://metlin.scripps.edu), HMDB (http://www.hmdb.ca/), 

ChemSpider (http://www.chemspider.com), KEGG 35 

(http://www.genome.jp) and Lipid Maps 

(http://www.lipidmaps.org). The mass tolerance was set as 10 

ppm, and several candidates could be selected for each 
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quasimolecular ion. The third step was to determine the 

exact structure of each biomarker metabolite through commercial 

standards comparison or MS/MS spectra analysis and spectra 

databases comparison.  

 5 

Fig.2 Significant changed metabolites in emodin-treated liver cells. (a) Heat map showing differential metabolites in emodin treated liver cells relative to 

control liver cells. (b) Correlation plots for metabolites altered at low, medium and high doses of emodin treatment in L-02 cells. (c) Dendrogram 

representing hierarchical clustering of the emodin toxicity related metabolites described in a. Heat map and dendrogram were created using MeV software 

(version 4.9.0, Dana-Farber Cancer Institute, Boston, MA, USA), and correlation plots were plotted using Graphpad Prism (version 5.0, Intuitive Software 

for Science, San Diego, CA, USA). 10 

3 Results  

3.1 Cell viability 

A dose-dependent increase in L-02 cell inhibition rates was 

observed with increasing emodin concentrations (ESM_1). IC50 

value was calculated as 30 μM for 48 h using Graphpad prism 5.0. 15 

And therefore, the doses used in this study were set as 10, 20, 30 

μM (low, medium and high doses), for higher doses could induce 

larger death rate (larger than 50%) of cells and would cause larger 

deviations for further analysis The morphologies of the adherent 

L-02 cells after exposure to 10, 20, 30 μM emodin for 48 h were 20 

shown in ESM_2. Untreated L-02 cells appeared to be in spindle-

like shapes and in high density distribution in the flasks, while L-

02 cells treated with emodin became gradually contracted and 

rounded, and the density of the adherent cells became lower with 

increasing emodin concentrations. 25 

3.2 Overview of metabolic profiling 

The metabolic profiles of L-02 cells were acquired under both 

positive and negative ionization mode using UPLC-TOF-MS. QC 

sample was used to ensure the quality of the metabolomics data 

(ESM_3). A good separation between the control and dosed 30 

groups was observed when using unsupervised principal 

component analysis (PCA) (Fig.1a). Clearer results could be 

obtained from the score plot of PLS-DA (Fig.1b) (Positive mode, 

R2X, 0.719; R2Y, 0.989; Q 2(cum), 0.899; negative mode, R2X, 

0.872; R2Y, 0.98; Q2 (cum), 0.967). These results indicated 35 

distinct metabolic differences between the control and emodin-

treated groups. 

 According to variable importance in the projection (VIP) 

values obtained from PLS-DA models, 80 features in positive 

mode and 30 features in negative mode were selected as potential 40 

cytotoxicity-related biomarkers. After manual validation, 23 

features of them were found as isotope ions. Finally, 28 features 

(26 metabolites) were identified and semi-quantified (Table S1, 

Fig.2a and ESM_4).  

 To further analyze emodin hepatotoxicity related metabolic 45 

pathways, hierarchical clustering and correlation analysis were 

performed on identified biomarkers. Interestingly almost all the 

marker metabolites showed a consistent pattern of change at low, 

medium and high doses treatment (Fig.2b), which indicated the 

close metabolic relevance of these biomarkers. In addition, 50 

hierarchical clustering analysis further ensured the close 

metabolic relevance (Fig.2c).  

3.2.1 Changes in glutathione metabolism 

Emodin caused glutathione metabolism disorder in L-02, marked 

by the decreased level of glutathione (GSH), oxidized glutathione 55 

(GSSH) and the increased level of the metabolite of GSH, 

glutamate (Fig.3a). The levels of glutathione-related metabolites 

were gradually decreased or increased with increasing emodin 

concentration, and at high concentration point, the change ranges 

of metabolites became small when compared to medium dose 60 

group (Fig.3a). These results suggested that a drastic disturbance 

of GSH metabolism occurred with emodin treatment and the 

degree of emodin-induced injury would gradually reach to a 

maximum with increasing concentration of emodin. GSH is a 

critical cellular antioxidant. After GSH depletion, the toxicity of 65 
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drugs and chemicals enhanced 27. Oxidative stress and 

peroxidation will be subsequently happened resulting from GSH 

depletion. Moreover, cellular energy metabolism was also 

affected by emodin treatment, for increased level of adenosine 

monophosphate (AMP) suggested a increased ATP utilization of 5 

cells 28. 

 
Fig.3 Disturbance of metabolic pathways induced by emodin.  (a) Changes of metabolites in glutathione metabolism. (b) Disturbance of fatty acid 

oxidation induced by emodin (The double-line arrow represents the increased or decreased levels of the metabolites). (c) Changes of metabolites in 

acylcarnitine metabolism. 10 

3.2.2 Changes in fatty acid metabolism 

Fatty acid metabolism disorders, including fatty acid oxidation 

and acylcarnitine metabolism, were occurred in L-02 cells with 

emodin cytotoxicity. Under normal conditions, long-chain fatty 

acid oxidation involves several steps as follows; the first step is 15 

the oxidation of the fatty acid by acyl-CoA-dehydrogenase. The 

enzyme catalyzes the formation of a double bond; the next step is 

the hydration of the double bond; the third step is the oxidation of 

hydroxyacyl-CoA by NAD+. This process converts 

the hydroxyl group into aldehyde group; the final step is the 20 

formation of dicarboxylic acid and the cleavage of ketoacyl CoA 

by the thiol group of another molecule of CoA. However, these 

normal metabolism processes were disturbed by emodin. The 

levels of hydroxylated fatty acids, including hydroxydodecanoic 

acid, 18-hydroxy stearic acid, 9, 10-dihydroxy-hexadecanoic acid 25 

and 3-hydroxy-tetracosanoic acid were gradually increased with 

increasing emodin concentration. These results prompted us to 

predict that the third step of fatty acid oxidation process was 

blocked with emodin treatment. This speculation was further 

ensured by the increased levels of metabolites, including 4-30 

hexadecenoic acid, 7Z-octadecenoic acid produced in the first 

oxidation step and the decreased levels of metabolites produced 

in the latter step, including undecanedioic acid and sebacic acid 

(Fig.3b). 

 In addition, significant changes of acylcarnitines in emodin 35 

treated groups further validated the deduction that fatty acid 

metabolism disorder occurred in L-02 cells. After emodin 

treatment, levels of acylcarnitines  showed statistically significant 

increased (Fig.3c). Acylcarnitines are essential for fatty acid 

metabolism. They help the activated long-chain fatty acids to be 40 

transported into mitochondria and then be oxidized to acetyl-CoA. 

Moreover, as specific substrates of mitochondrial β-oxidation, 

acylcarnitines play an important role in mitochondrial function, 

and mitochondrial dysfunction is reported to be associated with  

hepatotoxicity 29. Acylcarnitines can facilitate the transfer of 45 

long-chain fatty acids from cytoplasm into mitochondria during 

the oxidation of fatty acids, and the levels of them are the rate-

limiting step in fatty acid β-oxidation30, 31. Our current results 

suggested that emodin had the potential to disturb fatty acid 

metabolism in L-02 cells through affecting fatty acid 50 

Page 5 of 8 Toxicology Research

To
xi

co
lo

gy
R

es
ea

rc
h

A
cc

ep
te

d
M

an
us

cr
ip

t

http://en.wikipedia.org/wiki/Double_bond
http://en.wikipedia.org/wiki/Hydration_reaction
http://en.wikipedia.org/wiki/Oxidation
http://en.wikipedia.org/wiki/Hydroxyl
http://en.wikipedia.org/wiki/Thiol
http://en.wikipedia.org/wiki/Coenzyme_A


 

6  |  Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

transportation and oxidation in liver cells. 

 
Fig.4 Emodin-cysteine adduct analysis and identification. (a) MS2 fragmentation of emodin-cysteine. (b) Extracted ion chromatogram of emodin-cysteine 

adduct. (c) Dose-dependent changes of glutathione (GSH) and emodin-cysteine adduct. 

3.3 Emodin-cysteine formation and identification 5 

Emodin-cysteine adduct was identified in cell cultured medium 

(Fig.4a). Fragment ions of 301.02, 273.02 and 245.04 are the 

characteristic fragments of emodin and the fragment of 120.01 is 

the characteristic fragment of cysteine. Additionally, the structure 

of this adduct was further validated through comparison with 10 

standard obtained from chemical synthesis，which using DMSO 

as the solubilizing agent. And the detailed synthesis procedure 

was given in supplementary materials (ESM_5). The level of 

emodin-cysteine adduct was increased with increasing emodin 

concentration (Fig.4b and Fig.4c). Since the CV% of the adduct 15 

peak area in QC data was less than 30% (CV, 7.5%), the 

differences among different groups were proved more likely to 

reflect biological changes rather than analytical variations. 

However, in blank medium (medium without liver cells) with 

different concentrations of emodin, emodin-cysteine was not 20 

detected (Fig.4b), and within L-02 cells it was also not detected. 

These results suggested that emodin-cysteine adduct was initially 

formed within liver cells, and finally secreted into the cultured 

medium. The formation of this adduct would result in the 

depletion of intracellular cysteine, which is an essential material 25 

of GSH synthesis. GSH synthesis disorder (Fig.4c) would 

contribute to a series of cellular metabolism disorders, including 

oxidation stress and fatty acid metabolism. Taken together, the 

formation of emodin-cysteine adduct was suspected to be related 

to emodin induced hepatotoxicity.  30 

4 Discussions 

The UPLC-MS metabolome analysis demonstrated that emodin 

had the potential to disturb GSH and fatty acid metabolism in 

human liver cells, through which produced hepatotoxicity. The 

discovery of a new adduct, emodin-cysteine, facilitated us to 35 

proposed one mechanism related to emodin-induced 

hepatotoxicity. 

 Liver is the essential organ for drugs and xenobiotics 

metabolism. Drug-induced hepatotoxicity could result from the 

direct toxicity of the parent compound or the indirect toxicity of 40 

more active metabolites. For example, acetaminophen 

hepatotoxicity begins with metabolism of the parent compound to 

the reactive electrophile N-acetyl-p-benzoquinone imine 

(NAPQI). Then NAPQI depletes GSH and produces 

hepatotoxicity32, 33. Ethanol hepatotoxicity begins with reactive 45 

oxygen species (ROS) produced in CYP2E1-dependent ethanol 

metabolism 34. The mechanism of emodin hepatotoxicity is rarely 

reported. The present study suggested an indirect toxicity 

mechanism of emodin. Emodin is firstly drawn into the liver cells, 

and binds to cysteine through the function of thioltransferase. 50 

Emodin links to cysteine to form a cysteine adduct which is then 

released to the cultured medium. This combination will 'spend' 

cellular cysteine, which is the necessary metabolite to glutathione 

(GSH) synthesis. GSH synthesis plays a central role in cell 

protection, and GSH depletion will cause a series of metabolism 55 

disorders, including oxidative stress and fatty acid oxidation 

disorder. In addition, synthesis of some proteins containing 

cysteine will be blocked due to cysteine depletion. All these 

series of metabolic disorders will consequently contribute to the 

death of liver cells (Fig.5).  60 

 The limitation of our study is that we only detected emodin-

cysteine adduct in the cultured medium. However, it must exist 

within liver cells within a certain period of time or one time point, 

since it cannot be formed in blank cultured medium. Therefore, 

capturing the initial formation of the adduct remains to be 65 

investigated. Nevertheless, the results in present study will help 

with better understanding the mechanism of emodin induced 

hepatotoxicity. Also, several intracellular metabolites and 

emodin-cysteine adduct could used as biomarkers for emodin 
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hepatotoxicity. 

 
Fig.5 Probable toxicity mechanism of emodin in liver cells. The dotted 

arrows represent the up- or down-regulation of metabolites. 

5 Concluding remarks 5 

In conclusion, the present study identified emodin hepatotoxicity 

related metabolic pathways, including GSH metabolism and fatty 

acid metabolism and discovered a new emodin-cysteine adduct 

formed in liver cells. A new indirect toxicity mechanism of 

emodin was proposed. As far as we know, there is no study that 10 

has investigated the changes in the intracellular metabolites 

during emodin-induced liver cell cytotoxicity. It is highly 

probable that the formation of emodin-cysteine adduct is one 

main reason for metabolism disorders in emodin treated liver 

cells, which is related to emodin hepatotoxicity.  15 
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