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Abstract

Objectives—Chlorogenic acid (CGA) is one of the most widely consumed polyphenols in diets 

and is recognized to be a natural hepatoprotective agent. Here, we evaluated the protective effect 

and the potential mechanism of CGA against α-naphthylisothiocyanate (ANIT)-induced 

cholestasis and liver injury.

Methods—Twenty-five male 129/Sv mice were administered with CGA, and ANIT challenge 

was performed at 75 mg/kg on the 4th day. Blood was collected and subjected to biochemical 

analysis; the liver tissues were examined using histopathological analysis and signalling pathways.

Key findings—Chlorogenic acid almost totally attenuated the ANIT-induced liver damage and 

cholestasis, compared with the ANIT group. Dose of 50 mg/kg of CGA significantly prevented 

ANIT-induced changes in serum levels of alanine aminotransferase, alkaline phosphatases, total 

bile acid, direct bilirubin, indirect bilirubin (5.3-, 6.3-, 18.8-, 158-, 41.4-fold, P<0.001) and 

aspartate aminotransferase (4.6-fold, P<0.01). Expressions of the altered bile acid metabolism and 

transport-related genes were normalized by cotreatment with CGA. The expressions of interleukin 

6, tumour necrosis factor-α and suppressor of cytokine signalling 3 were found to be significantly 

decreased (1.2-fold, ns; 11.0-fold, P<0.01; 4.4-fold, P<0.05) in the CGA/ANIT group. Western 

blot revealed that CGA inhibited the activation and expression of signal transducer and activator of 

transcription 3 and NFκB.

Conclusions—These data suggest that CGA inhibits both ANIT-induced intrahepatic cholestasis 

and the liver injury. This protective effect involves downregulation of STAT3 and NFκB 

signalling.
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Introduction

Cholestasis is a condition defined as a defective bile acid flow from the liver to the 

duodenum, due to the obstruction of bile ducts, impaired bile formation or secretion induced 

by drugs, infections, metabolic or genetic disorders.[1] On a mechanistic basis, cholestasis is 

generally classified into extra- and intrahepatic forms.[2] On a clinical basis, cholestasis is 

characterized by an elevation in the level of serum alkaline phosphatase (ALP) and total bile 

acid (TBA), which often precede the development of jaundice and parenchyma injury in the 

liver. Owing to nutritional problems and liver injury caused by the accumulation of toxic 

compounds,[2] cholestasis is an important manifestation of inherited and acquired liver 

diseases.[3,4] However,many liver diseases due to cholestasis have not been curedand still 

lack an effective pharmacotherapy [5,6] and cholestasis progresses towards hepatic fibrosis, 

cirrhosis and liver failure without proper treatment.[7,8]

Cholestasis induced by α-naphthylisothiocyanate (ANIT) is the most used experimental 

model. In this model, cholangiolitic hepatitis was characterized by intrahepatic cholestasis, 

biliary epithelial cell necrosis, bile duct obstruction and then hepatocellular injury.[9–11] 

These characteristics mimic the drug-induced cholestasis and hepatic injury in humans. 

Therefore, treatment with ANIT is used as a typical protocol to prepare intrahepatic 

cholestasis model, which was used in this study.

At present, traditional phytotherapy and plant-derived natural medicine are quite popular for 

treating liver diseases. Lonicera japonica Thunb (Caprifoliaceae family), known as Jinyinhua 

(in Chinese), is widely consumed as healthy tea beverage and used in traditional Chinese 

medicine (TCM) to treat various diseases including hepatitis, arthritis, allergy and infection.
[12–16] Of particular interest is the L. japonica-containing TCM formula: Yin-zhi-huang 

(YZH) is a classical polyherbal prescription dated from the traditional Chinese prescription 

‘Yin-chen-hao-tang’,[17,18] which has been widely used in East Asian countries for more 

than a thousand years to treat jaundice and chronic liver diseases.[19,20] Extensive studies on 

the phytochemical ingredients from coffee and L. japonica demonstrated that chlorogenic 

acid (CGA) is supposed to be the primary active component (indicator compound) 

contributing to the health benefits.[13,14,19]

Chlorogenic acid (5ʼ-caffeoylquinic acid, Figure 1) is one of the most dietary polyphenols 

found in fruits, vegetables and plant-derived traditional medicines.[20,21] It was reported that 

the antioxidant activity of CGA may reduce the risk of some chronic diseases.[19,22,23] Some 

studies have shown that CGA is the anti-inflammatory compound in CGA-containing natural 

products.[10,21] Importantly, CGA has been reported to be biologically active to protect 

against experimental liver injuries.[24–26] A recent study of CGA reported its protective 

effect against liver injury caused by bile duct ligation, involving transcriptional regulation of 

collagen and growth factor expression.[27] However, no effect of CGA action on bile acid 
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metabolism and cholestatic inflammation was found in previously reported intrahepatic 

cholestasis models.

Lately, several bioactive compounds from medical herbs are reported to exhibit a remarkable 

chemopreventive activity against drug-induced cholestasis, liver injury, hepatotoxicity and 

digestive disorders via regulating inflammatory signalling pathways.[28–31] For example, 

emodin from Rheum officinale is used to treat digestive disorders, shows a hepatoprotective 

effect and prevents cholestatic hepatitis via anti-inflammatory process.[28] Resveratrol, a 

dietary polyphenol present in peanuts, grapes and red wine, exerts a hepatoprotective effect 

against paracetamol-induced liver injury by regulating SIRT-p53 signalling pathways.[30] 

Some of the protective effects involve NFκB or STAT3 signalling pathways that are 

critically important in cell survival and apoptosis. Isoquercitrin protected against 

paracetamol-induced liver injury; the anti-inflammatory activity of isoquercitrin occurs 

through the blockade of NFκB and MAPK signalling pathways.[32] Plumbagin ameliorates 

CCl4-induced hepatic fibrosis in rats through the down-regulation of EGFR and STAT3 in 

the liver.[33] Saikosaponin D, one of the major bioactive components of the Chinese herb 

Bupleurum falcatum, was found to protect mice from paracetamol-induced hepatotoxicity by 

inhibiting NFκB and STAT3 signalling pathways.[29] However, involvement of NFκB and 

STAT3 in protection against cholestasis by CGA has not ever been reported.

This work aimed to evaluate the protective effects of CGA against intrahepatic cholestasis 

and hepatotoxicity induced by ANIT in mice. The underlying mechanism involving 

repressing NFκB activation and inhibiting STAT3 signalling was also investigated, in 

combination with a systematic assessment of CGA exposure, biochemical and 

histopathological changes, expressions of inflammatory cytokines.

Materials and Methods

Chemicals and reagents

Chlorogenic acid (98%, Figure 1a) was obtained from the National Institute for the Control 

of Pharmaceutical and Biological Products (Beijing, China). α-Naphthyl isothiocyanate 

(ANIT, 95%) was purchased from Sigma Aldrich (Louis, MO, USA). Trizol was provided 

by Invitrogen (Carlsbad, CA, USA). Alkaline phosphatase (ALP), alanine aminotransferase 

(ALT), aspartate aminotransferase (AST), total bile acid (TBA), direct bilirubin (DBIL) and 

indirect bilirubin (IBIL) assay kits were from Yonghe Sunshine Technology (Changsha, 

China). Antibodies against NFκB subunit p65 and active form p-p65, total STAT3 (t-STAT3) 

and phospho-STAT3 (p-STAT3) were purchased from Cell Signaling (Danvers, MA, USA). 

Antibody against GAPDH was purchased from Abcam (Cambridge, MA, USA). Ultrapure 

water was freshly prepared using a Milli-Q50 SP Reagent Water System (Bedford, MA, 

USA). All the other chemicals were of the highest grade from commercial sources.

Animal and treatment

Twenty-five male 129/Sv mice (5 weeks old, 20 ±5 g) were provided by the Experimental 

Animal Center, Ningbo University, and housed in plastic cages under controlled humidity 

(average 55%) and temperature (average 25 °C). The mice were exposed to a 12-h light/dark 
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cycle with free access to purified water and a standard diet. Animal handling and 

experimental procedures were approved by the Ethics Committee of Medical School of 

Ningbo University and were conducted in accordance with the Guide for the Care and Use 

of Laboratory Animals.

Twenty mice were divided into four groups (n = 5): control, CGA, ANIT and CGA/ANIT. 

CGA and ANIT were dissolved in corn oil. The mice in the CGA and CGA/ANIT groups 

were gavaged with CGA 50 mg/kg once daily for 5 days. On the 4th day, the ANIT and 

CGA/ANIT groups were orally administered ANIT 75 mg/kg.[34] The vehicle/ control group 

was fed vehicle only. Two days after the ANIT challenge, the mice were weighed and killed 

by taking off the neck to death after blood collection. The serum samples were centrifuged at 

3000 rpm for 10 min, and the supernatants were collected. Liver tissues were harvested and 

weighed to calculate liver/body weight ratio. A section of freshly isolated liver tissues was 

excised and immediately fixed in 10% neutral buffered formalin after a brief wash with 

phosphate-buffered saline. The remaining liver tissues were flash-frozen in liquid nitrogen 

and then stored at 80 °C until analysis.

Serum chlorogenic acid exposure measurement

To measure the systemic serum concentration of CGA, the rest five mice were 

intragastrically treated with single dose of 50 mg/kg b.w. CGA once; 0.5, 1, 2, 5, 24, 48 and 

72 h after dosing, the blood was collected from the tail vein. A volume of 50 μl serum was 

isolated by centrifuging the blood at 3000 rpm for 10 min, and 100 μl acetonitrile was 

added. The mixture was vortexed for 30 s and centrifuged at 15 000 g for 20 min. An aliquot 

of 10 μl supernatant was injected to a Shimadzu high-performance liquid chromatography 

(HPLC) system (Kyoto, Japan) coupled with an API-4000 triple quadrupole mass 

spectrometer (Toronto, Canada). The ion transition of m/z 353.2→191.4 was detected in 

multiple reaction monitoring mode with negative electrospray ionization (ESI). A calibration 

curve with correlation coefficient (r2) above 0.99 was constructed for quantification.

Biochemical assay

The serum samples were haemolysis-free and stored at 20 °C before determining the 

biochemical parameters. The alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), alkaline phosphatase (ALP), total bile acid (TBA), direct bilirubin (DBIL) and 

indirect bilirubin (IBIL) in the serum samples were assayed by Spectra Max M5 (Sunnyvale, 

CA, USA).

Histopathological and apoptosis assessments

Fixed liver tissues were dehydrated in a serial concentration of alcohol and xylene, 

embedded in paraffin and cut into four-micrometre serial sections. The sections were stained 

with haematoxylin and eosin for histopathological examination and examined using 

Olympus BX41 light microscope. For apoptotic analysis, the sections were stained with 4ʼ,6-

diamidino-2-phenylindole (DAPI) and examined under fluorescence microscope. The 

positive rate of four groups was calculated and compared.
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Quantitative-PCR analysis

Total RNA from mice hepatic tissues homogenized in Trizol reagent was determined by 

Nano Drop 2000 (Thermo Fisher, Waltham, MA, USA). Reverse transcription was 

performed with M-MLV Reverse Transcriptase. Reaction volume (20 μl) included 59 

reaction buffer, 10 mM dNTPs, 1 μg oligo dT18, 1 μg random primer, 1 μg total RNA, 200 U 

M-MLV and 20 U RNasin. The procedure was conducted according to the manufacturer’s 

protocol. The synthesized cDNA was stored at −20 °C until analysis.

The primer sequences listed in Table 1 were extracted from the public database (http://

mouseprimerdepot.nci.nih.gov/). Each 10 μl PCR reaction mixture contained 1 μl total 

cDNA, 5 μl LightCycle 480 SYBR Green I Master Mix (FastStart Taq DNA Polymerase, 

reaction buffer, dNTPmix, SYBR Green I dye and MgCl2), 0.2 μl forward primer, 0.2 μl 

reverse primer and 3.6 μl nuclease-free water. Amplification with 35–40 cycles was 

performed: reaction cycle consisting of denaturation at 95 °C for 10 s, renaturation at 55 °C 

for 10 s and then elongation at 72 °C for 15 s. The fluorescence signal was detected at the 

end of each cycle, and 18S rRNA was used as an internal control. Melting curve analysis 

was used to confirm the specificity of the primers.

Western blot analysis

Liver tissues were homogenized by MagNA Lyser (Roche) using RIPA buffer (1 : 10, g/v) 

containing 1% PMSF (Shanghai, China). Tissue debris was removed by centrifugation at 10 

000 g and 4 °C for 5 min. The total protein was quantified using a BCA protein assay kit 

from Beyotime Biotech Co. Ltd (Nantong, China). To each tube, an equivalent volume of 5× 

SDS-PAGE sample loading buffer (Shanghai, China) and the proteins were boiled for 5 min. 

The samples were loaded and separated on 10% SDS–poly-acrylamide electrophoresis gels.

The proteins were transblotted onto PVDF membranes that were blocked with 5% fat-free 

milk at 37 °C for at least 2 h. The membranes were incubated overnight with primary 

antibodies against p65, p-p65, p-STAT3, t-STAT3 and GAPDH. After secondary antibody 

incubation for 2 h, the blotted membranes were exposed to ECL substrates Advansta (Menlo 

Park, CA, USA), and the signals were detected by Kodak X-ray films (Rochester, NY, USA). 

Densitometry analysis was performed, and the result was expressed as the relative intensity 

of p-STAT3, t-STAT3, p-p65 and p65 vs GAPDH, respectively.

Statistical analysis

All data were averaged from five independent experiments (n = 5) and were expressed as 

mean ± SD. Nonparametric Kruskal–Wallis test was performed where the difference 

between the four groups in all the biomarkers was determined significant (P < 0.05) and post 

hoc test between treatments was performed. Then, comparison of CGA and ANIT groups 

with the control indicated the toxic potential of CGA and success of positive model. 

Comparison between ANIT and CGA/ANIT groups was made to check the protective effect 

by CGA where P < 0.05 was considered significant.

Tan et al. Page 5

J Pharm Pharmacol. Author manuscript; available in PMC 2018 December 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://mouseprimerdepot.nci.nih.gov/
http://mouseprimerdepot.nci.nih.gov/


Results

Serum chlorogenic acid exposure

The MRM transition of CGA was determined as 353.2→ 191.4 in ESI¯ mode with the 

fragmentation pattern shown in Figure 1a. The HPLC-MRM data demonstrated a linear 

relationship with r2 > 0.99. In the single-dose group, after the administration of 50 mg/kg of 

CGA, the serum concentration of CGA was determined to be above 5 ng/ml for 5 h and 

disappeared after 24 h (Figure 1b). The serum concentration of CGA in the consecutive dose 

group was around 1.5 ng/ml.

Hepatic biochemistry

Serum ALT and AST are reliable indicators of acute hepatic injury. As shown in Figure 2a 

and 2b, both serum ALT and AST levels were found to be significantly increased (5.3fold, P 
< 0.001; 4.6-fold, P < 0.01) in the ANIT-treated group, in comparison with the control 

group. The increase in ALT and AST was attenuated by pretreatment with CGA at 50 mg/kg 

(P < 0.01), suggesting an evident protection effect of CGA.

Alkaline phosphatase and TBA are typical indicators of intrahepatic cholestasis. Similar to 

the ALT and AST analyses, ALP and TBA levels were found to be significantly increased 

(6.3- and 18.8-fold, P < 0.001) in the ANIT group. In the CGA/ANIT group, they were 

found to be significantly decreased (P < 0.01, P < 0.001). A notable protective effect was 

produced by pretreatment with CGA (Figure 2c and 2d).

Direct bilirubin and IBIL are two toxic indicators closely associated with cholestasis. In this 

study, serum DBIL and IBIL levels were found to be elevated (158- and 41.5-fold, P < 

0.001) in the ANIT group. Administration of CGA totally attenuated (P < 0.01) the ANIT-

induced increase in DBIL and IBIL activity (Figure 2e and 2f).

Histopathological and apoptosis analyses

Pathological analysis revealed that 75 mg/kg ANIT resulted in necrosis and infiltration of 

neutrophils and monocytes in the ANIT group (Figure 3e and 3f). In contrast, only small 

lesions were observed sporadically under the low-power microscope, indicating that liver 

damage was attenuated in the CGA/ANIT group (Figure 3g). In the control and CGA 

groups, the liver tissues were histologically normal (Figure 3a and 3c), revealing no 

hepatotoxicity by treatment with CGA alone. Thus, pretreatment with 50 mg/kg CGA 

protected mice against ANIT-induced liver injury. By DAPI staining of the nuclei to check 

the involvement of apoptosis, no significant increase in positive staining was observed 

between the treatments specified (data not shown).

Influence of chlorogenic acid on bile acid metabolism and transportation

The rate-limiting enzymes CYP7A1, CYP8B1 and CYP27A1 play a key role in bile acid 

homeostasis. Cyp7a1, Cyp8b1 and Cyp27a1 mRNAs were found to be increased (4.9-, 4.8- 

and 1.4-fold, P < 0.05, Figure 4a) in the ANIT group, while in the CGA/ANIT group, their 

expression was found to be reversely regulated and almost normalized by pretreatment with 

CGA.
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Basolateral efflux transporters MRP3 and MRP4 are involved in the export of bile acids to 

the blood. Multidrug resistance-related protein 2 (MRP2), bile salt export pump (BSEP) and 

organic solute transporter-β (OSTB) export bile acids into canaliculi. Ostb, Mrp2 and Mrp3 
mRNAs increased (12.3-, 3.2- and 3.7-fold, P < 0.05) in the ANIT-treated group; similar 

changes were observed for Bsep and Mrp4 mRNAs. These data were in accordance with a 

previous report.[35] In this study, the expression of these mRNAs was normalized by 

treatment with CGA (Figure 4b).

The basolateral transporters such as organic anion-transporting polypeptide 1 (OATP1), 

organic anion-transporting polypeptide 2 (OATP2) and sodium/taurocholate-cotransporting 

polypeptide (NTCP) are involved in the bile acid uptake. Oatp2 and Ntcp mRNA expression 

decreased (1.1fold, ns; 1.2-fold, P < 0.05) after ANIT (75 mg/kg) challenge, while the 

expression of Oatp1 mRNA was found to be increased in the vehicle/ANIT group (Figure 

4c). In the CGA/ANIT group, all mRNAs returned to the baseline levels.

Effects of chlorogenic acid on inflammation, necrosis and apoptosis

Because inflammation often occurs when the liver is injured by toxins, mRNAs of typical 

genes involved in inflammation, such as Il-6 and Tnf-α, were analysed. Compared with the 

control group, expressions of Il-6 and Tnf-α mRNAs were found to be significantly 

increased (39-fold, P < 0.05; 11-fold, P < 0.01) in the ANIT group. However, transcription 

factors c-Fos and c-Jun mRNAs were found to be not changed between those groups. These 

data indicate that the proinflammatory Il-6 and TNF-α have an important role in intrahepatic 

cholestasis (Figure 5a).

Target genes of STAT3, including Fga, Fgb, Fgg and Socs3, are often involved in toxicity.[29] 

In this study, Fga, Fgb, Fgg and Socs3 mRNAs were found to be significantly increased 3.1-, 

2.0-, 9.5- and 16.1-fold in the ANIT group compared with vehicle alone. In contrast, these 

mRNAs were lower in the CGA/ANIT group except for Fgb, indicating the potential role for 

STAT3 in ANIT-induced cholestasis (Figure 5b).

Fas, ICE and Bcl-2 mRNAs encoding proteins involved in apoptosis were also measured in 

this study. Fas and ICE mRNAs were found to be increased after the administration of 

ANIT, but their levels were not decreased by pretreatment with CGA. Moreover, expression 

of Bcl-2 mRNA was not different between these groups, suggesting that apoptosis is not 

involved in ANIT-induced liver injury (Figure 5c).

LXR and FXR are reported to regulate the expression of bile acid synthesis enzyme 

CYP7A1.[36,37] Considering the regulation of Cyp7a1 in CGA group, the involvement of 

LXR and FXR in the protection was checked by examining their target genes. No significant 

change in the LXR target genes Abca1, Srebp and Lxr was observed between these groups 

(Figure 5d). The expression of Shp mRNA increased after treatment with ANIT and was 

suppressed by CGA, which was in accordance with the previous report.

Activation and expression of STAT3 and NFκB

STAT3 is a master regulator of genes involved in inflammation. The active form p-STAT3 

increased (5.0-fold, Figure 6b) in the ANIT group and was attenuated by coadministration of 
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CGA 50 mg/kg. Similarly, the total STAT3 increased moderately (1.5-fold, Figure 6b) in the 

ANIT group and decreased in the CGA/ANIT group (Figure 6). Thus, the protective effect 

of CGA against ANIT toxicity was associated with the inhibition of both activation and 

expression of STAT3.

Compared with the ANIT group, the protein level of p-p65 and p65 showed a moderate 

decrease in CGA/ANIT group. In the CGA group, the total NFκB was not significantly 

affected, but a sharp decrease in p-p65 was observed (Figure 6a and 6c). These data 

indicated that the inhibition on NFκB activation was involved in the protection of CGA 

against ANIT toxicity.

Discussion

Chlorogenic acid, an abundant component of Yin-zhihuang, was considered the major 

component in Jinyinhua (Lonicerae Japonicae Flos).[38] In the C57BL/6J mouse, CGA 

exhibited a significant protective effect against LPS-induced liver toxicity when the mice 

were administered with 50 mg/ kg of CGA once daily for 5 days.[39] CGA efficiently 

inhibited CCl4-induced liver fibrosis in rats when 60 mg/kg of CGA was intraperitoneally 

injected.[40] In a previous report, when Sprague-Dawley rats were intravenously 

administered YZH injection (1 ml/kg, equivalent to CGA 54 mg/kg), the plasma 

concentration of CGA was determined as 20 ng/ml 3 h after injection. In this study, the mice 

were treated with 50 mg/kg CGA and the steady-state serum concentration of CGA was 

determined to be above 5 ng/ml for at least 5 h. Clinically, YZH injection (10–20 ml) is 

administered once daily for neonatal jaundice or cholestasis, and the dose is equivalent to 

CGA 54–108 mg/kg in mouse. Thus, the dose of CGA and its protective effect in this study 

were of relevance to medical application.

α-naphthylisothiocyanate causes cholestasis by injuring the bile duct epithelial cells, and the 

rodents treated with ANIT are commonly used as animal models to emulate human 

intrahepatic cholestasis for elucidating the mechanism of this drug-induced cholestatic liver 

injury.[6,41] In this study, bile acid synthesis genes Cyp7a1, Cyp8b1, Cyp27b1 decreased 

after gavaged with ANIT for 48 h. Hepatic basolateral and canalicular transporters were 

found to be increased in the ANIT group. Transporters involved in bile acid uptake 

decreased after the administration of ANIT. In contrast, expressions of the bile acid 

metabolism and transport-related genes altered by ANIT were normalized by cotreatment 

with CGA. These modifications could not explain the increased TBA by ANIT treatment. 

Based on the analysis of the FXR target SHP whose suppressive role is associated with FXR 

signalling,[42–44] the alteration in bile acid metabolism seemed secondary to the attenuated 

toxicity.

In the progression of xenobiotic-induced hepatotoxicity and liver disease, it is generally 

accepted that inflammation plays a critical role.[29,36–38] In LPS-induced liver injury mouse 

model, the hepatic expressions of toll-like receptor 4 (Tlr4), Tnf-α and NFκB p65 subunit 

mRNAs were found to be increased after the LPS challenge.[39] TNF-α is the key pro-

inflammatory cytokine that initiates the inflammatory response and induces massive 

apoptosis of hepatocytes.[45] In the present study, after the administration of 75 mg/kg 
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ANIT, the inflammatory factors IL-6 and TNF-α mRNAs were found to be significantly 

increased and attenuated by pretreatment with CGA. Thus, the anti-inflammatory activity of 

CGA may play a key role in the protection against the liver injury induced by ANIT.

Recent studies revealed that a prophylactic injection of IL-22, a STAT3-activating cytokine, 

significantly reduced serum ALT levels and histopathological damage in the APAP-induced 

liver injury, suggesting a protective role of STAT3.[46] Alisol B 23-acetate produced a 

protective effect against CCl4-induced hepatotoxicity, while alisol B 23-acetate induced the 

expression of STAT3 phosphorylation and STAT3 target genes Bcl-xl and Socs3, resulting in 

decreased hepatocyte apoptosis.[7] In this study, transcription of apoptotic and anti-apoptotic 

genes was not modified (Figure 5), which correlated with the DAPI staining result (data not 

shown). So apoptosis pathway was not involved in the toxicity or the protection process. 

However, STAT3 target genes Socs3, Fga, Fgb and Fgg mRNAs were found to be increased 

in the ANIT group and normalized in CGA/ANIT group. Considering the modified 

activation and expression of STAT3 by CGA treatment, STAT3 was supposed to play a key 

role in intrahepatic cholestasis induced by ANIT.

The typical inflammatory factors TNF-α and IL-6 are mostly related to the activation of the 

NFκB pathway. In this study, they were found to be up-regulated in ANIT group and 

decreased by the treatment of CGA. In addition to the decrease in p-p65 and p65 in CGA/

ANIT group, CGA treatment caused a sharp decrease in p-p65 CGA group, which was 

unlike that of STAT3. Thus, the NFκB pathway was likely involved in the protection against 

intrahepatic cholestasis by CGA.

Conclusion

In conclusion, CGA, a major active component of functional foods and herbal medicines, 

was found to protect against ANIT-induced hepatotoxicity involving the inhibition of STAT3 

and NFκB signalling. The data provided new insights into the chemopreventive effects of 

CGA-containing herbal formula, such as the traditional Chinese medicine YZH, against 

cholestasis in East Asian countries. CGA, as an active chemical entity from traditional 

medicines, demonstrated the promising characteristics of a potential candidate to be 

developed.
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Figure 1. 
Structure of CGA and its monitored systemic exposure level in the mice challenged with 

CGA 50 mg/kg for 5 days. (a) Fragmentation profile of CGA and Chemical structures of 

CGA. (b) The retention time and the serum concentrations of CGA after administration at 

0.5, 1, 2, 5, 24 and 48 h.
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Figue 2. 
Effects of CGA on the levels of serum ALT (a), AST (b), ALP (c), TBA (d), DBIL (e), IBIL 

(f) at 48 h after ANIT treatment in male mice. CGA was administered intragastrically once 

daily three 4 days prior to treatment with 75 mg/kg ANIT. Data are represented as means ± 

SD (n = 5; **P < 0.01; ***P < 0.001; ns, not significant).
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Figure 3. 
Representative histological analysis of the livers in mice treated with ANIT and/or CGA. 

The patches framed in the pictures in the left column for each group were magnified pictures 

of the corresponding right column. CGA was administered to non-fasted mice by 

intragastrically once daily for 3 days prior to treatment with ANIT 75 mg/kg.
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Figure 4. 
Effects of CGA expression of mRNA from genes related to bile acid metabolism and 

transport in mouse liver. (a) Cyp7a1, Cyp8b1, Cyp27a1 mRNA. (b) The mRNA expressions 

of efflux and canalicular efflux transporters. (c) mRNA expressions of basolateral uptake 

transporters. Data are presented as mean ± SD. Asterisks indicate statistically significant 

differences between vehicle/control and CGA/control or vehicle/ANIT and CGA/ANIT 

treated male mice (n = 5; *P < 0.05; ns, not significant).
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Figure 5. 
Levels of mRNAs encoding by inflammation-related factors, apoptosis and necrosis-related 

factors, STAT3 target genes and LXR targrt genes. (a) c-Fos, c-Jun, Il-10, Il-6, Tnf-α. (b) 

Socs3, Fga, Fgb, Fgg. (c) Fas, Bcl-2, ICE. (d) Abca1, LXR, SREBP,SHP mRNAs. Data were 

from liver samples collected 48 h after ANIT treatment. The mRNA levels were measured 

by Q-PCR and normalized by 18S rRNA. Messenger RNA levels in vehicle-treated control 

mice were arbitrarily set as 1 and results were expressed as mean ± SD (n = 5; *P < 0.05; 

**P < 0.01; ns, not significant).
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Figure 6. 
Western blot and densitometry analysis of STAT3 and NFκB in liver extracts. Liver samples 

were collected 48 h after vehicle/ANIT treatment and three of them were randomly selected 

for protein analysis. GAPDH was used as a loading control. The molecular weight was 

indicated at the left side of the respective band. (a) Western blot of STAT3 and NFκB in liver 

extracts. (b) Densitometry analysis of STAT3 activation in liver extracts. (c) Densitometry 

analysis of NFκB activation in liver extracts. Results of control group were set as 1 and data 

were expressed as relative intensity of p-p65 and p-STAT3 vs p65 and STAT3 respectively (n 
= 3; *P < 0.05; **P < 0.01; ns, not significant).
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