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ABSTRACT 

 

 

Protective Effect of Enzyme Treated Rhus Vernicifua Extract 

through Anti-oxidative and Anti-inflammatory Mechanism 

against Hepatotoxicity in Vivo 

Jesmin Ara 

Department of Medicine 

The Graduate School, Yonsei University 

Directed by Prof. Kyu-Jae Lee 

This study was investigated to evaluate the hepato-protective effects 

of enzyme treated Rhus Verniciflua extract/RVE (EX RVE) drinking 

supplementation against acetaminophen (APAP) induced 

hepatotoxicity in rats. Beyond that, we also investigated the nontoxic 

effects of enzyme treated / experimental RVE (EX RVE) and the 

mixed RVE (M RVE) efficacy on hepato-protection of APAP 

induced hepatotoxicity in C57BL6 mice. In this study, 70 mice were 

randomized into 7 groups (n=10/group) named, normal control (NC), 

APAP only (AP), Commercial ethanol purified  RVE only (CR),  

enzyme treated / experimental  RVE only (EX RVE), Commercial 

ethanol purified  RVE with APAP toxicity (CR+AP),  enzyme 

treated / experimental  RVE  with APAP toxicity (EX+RVE) and 

mixed RVE (M RVE). To exert the effects of RVE drinking 

supplementation continued for 14-day. After then all APAP group 

intoxicated with APAP solution (500mg/kg/mice) for 24 hours. 

Blood and liver tissue samples were subjected to biochemical and 

histological examinations. Firstly, we found the sharp reduction 
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trend of body weight in all APAP intoxicated group evidenced the 

induction of APAP toxicity. Secondly, production of higher ROS and 

NO enhance the antioxidant enzyme (GPx, CAT) activity in both 

EX+AP and M+AP group. In line, liver function test also showed the 

evidence of hepato-protecting ability of M+AP with lowering ALT, 

AST and bilirubin. EX group only, showed no self-toxicity which 

expressed through its positive immune redox balance and liver 

function test (LFT). Lastly, the EX only has mild sign of 

inflammation on histopathology. EX +AP and M+AP has less 

extensive hepatotoxicity than that showed in APAP only group. 

Collectively, EX RVE and M RVE might be a safe and cost effective 

natural medicinal agent against drug-induced hepatotoxicity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key Words: Rhus verniciflua extract; hepato-protective; oxidative 

stress; immune response, cytokines  
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I. INTRODUCTION 

 

Rhus verniciflua is a deciduous broad-leaved arborous tree belonging 

to Anacardiaceae family.1About 600 species are native to the world 

and the Korean lilac tree grown in Korea and it has distributed mainly 

in Southeast Asia including Korea, Japan, and China.2 Lacquer sap is 

durable and has been use as the main coating material for lacquer crafts 

since the from the late sixteenth or early seventeenth centuries.3 In 

recent years, it has been recognize as a high value-added industry. In 

order to utilize lacquer for industrial use, it has been experimented with 

the function of polyphenols and flavonoids contained in lacquer tree 

extract or Rhus verniciflua extract, such as improving menopausal 

symptoms,1 antimicrobial,1 anti-oxidant,4 anti-arthritic,1 anti-cancer,4 

anti-inflammatory 5 effects, and the results of the study were published 

consistently. However, it is difficult to use RVE as a medicinal agent 

due to its one of the main component urushiol.6 Urushiol is known as a 

potent allergy-inducing ingredient that can cause contact dermatitis 

such as blistering, itching, rash and the like only by a trace amount.7 

Therefore, it has regulated and controlled as food and medicinal use.  

To date, known techniques for removing urushiol includes: 1) removal 

using solvent and heat, 2) using electron ionization energy such as 

electron beam and radiation, and 3) using mushroom fermentation, but 

it is difficult to complete decontamination of urushiol.8,9 It has been 

extremely inefficient to cause urushiol reaction by using energy such as 

random heat, electron beam or radiation, and it may destroy 

physiologically active ingredients and almost all substances. Therefore, 

bioactive components are likely to be degraded by microorganisms 

during the fermentation period of the strain for a long time. If the 
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toxicity could completely remove, a functional product showing high 

benefit can be developed.  

To see the toxicity removal properties of RVE and its effects in hepato-

protection we performed the current study with three kind of RVE with 

different properties treated on animal model of human hepatotoxicity. 

The kind of RVE used here is, ethanol purified (CR), enzyme treated 

(EX) and combination of them (M). With this context of hepatotoxicity, 

we consider acetaminophen as a potent hepatotoxic agent. APAP 

induced hepatic damage is the first leading cause of drug induced 

hepatic necrosis and liver transplantation with considerable levels of 

morbidity and mortality.10 APAP is most commonly use as analgesics 

and antipyretics. In normal dose, range of APAP there is almost no side 

effect for acute use. But, in chronic use or overdoses , it causes hepatic 

necrosis, renal shutdown, extra hepatic lesions, and might be cause of 

death in humans and animals.10–12 

 In normal therapeutic dose, APAP is rapidly absorbed from gut and 

metabolized to liver into non-toxic agents. However, in acute overdose 

the metabolism is saturated and produces toxic metabolites in liver 

such as, N-acetyl-P-benzoquinoneimine (NAPQI), and is rapidly 

conjugate with glutathione, and reduced hepatocellular glutathione 

store. Subsequently, NAPQI causes severe hepatic damage by 

covalently bind with protein and the cell membrane leading to 

hepatocellular death and centrilobular liver necrosis.13,14 

 

Therefore, in this study, we scientifically verified not only the hepato-

protective effects of EX RVE on APAP toxicity but also the self-

hepatotoxicity of EX and CR and their combination treatment efficacy 

on APAP induced toxicity. 
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II. MATERIALS AND METHODS 

 

 

2.1 Animals 

Six weeks-old, specific-pathogen-free, female C57BL6 mice (19-20g) 

(Orient bio Company, Seongnam, Republic of Korea) used in the 

experiment. The mice were maintained under controlled conditions (23 

±2°C, 55 ± 5% humidity and 12 h light/dark cycle). After a week of 

acclimation, mice were randomly divided into three groups; Normal 

control, APAP only  (AP), EXP RVE only (EX), Control RVE only 

(CR), EXP RVE + APAP  (EX+AP), Control RVE + APAP  

(CR+AP), Mixed RVE + APAP  (M+AP). The animal use and care 

protocols for this animal experiment were approved by Institutional 

Animal Care and Use Committee (IACUC) (YWC-170320-1), Wonju 

College of Medicine, Yonsei University, Wonju, Gangwon-do, Korea. 

This animal experiment directed in accordance with the Guide for the 

Care and Use of Laboratory Animals published by the U.S. National 

Institutes of Health (NIH).  

 

2.2 Preparation and standardization of Rhus Verniciciflua extract 

Rhus verniciciflua extract was pre-prepared and purified by ethanol 

and enzyme treatment (Dawoom food and care Ltd, Seoul, Republic of 

Korea) with ensurance of the quality of Rhus verniciciflua extract. We 

use 100% concentration of this extract as experimental solution and we 

use another purified RVE (Yukbaeksan Co., Gangneung, and Republic 

of Korea) as positive control to compare the effects of each RVE. 
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2.3 Identification of urushiol 

The chemical structure of urushiol is composed of a catechol 

compound having two hydroxyl groups in the benzene ring and a long 

chain fatty acid having 15 carbon atoms bonded to the side chain. 

Depending on the number of the double bonds in the side chain and the 

bonding type, urushiol derivative is present. Unlike lacquer trees native 

to Korea, China, and Japan, Thitsiol and Lacchol, which are harmful to 

human body, are the main components of raspberry extract. Urushiol is 

catechol and derived fatty acid, which is present in over 70% of the 

off-white emulsion, which comes out when the bark of the lacquer tree 

has damaged. It is a transparent brown liquid. It has basic color and 

viscosity similar to sesame oil. It has rapidly transformed into polymer 

by inducing radical formation by enzyme, laccase. Urushiol is a highly 

reactive substance, as it shows the formation of a film due to an 

enzymatic reaction, not a strong chemical drying agent. Using this 

reactivity, various elimination methods developed at present, but 

urushiol has not completely detoxified.  

 

2.3 Identification of flavonoid components in the sap 

Previous studies have reported that ficetin and fustin are present in 

large amounts in the rusks. Most of studies have shown that urushiol is 

removed from the lacquer or lacquer extract. However, more than 60 

kinds of flavonoids showing the functionality of lacquer are present in 

the lacquer bark rather than the lacquer, and it is difficult to completely 

remove urushiol. Therefore, in this study, we tried to commercialize 

lacquer juice by scientifically proving its functionality and 

commercializing it by using technology that completely detoxify 

urushiol, which is our headquarters in the RVE sap containing various 
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kinds of flavonoids. 

 

2.4 RVE induction 

With the exception of the NC group, mice were subjected RVE 

induction, RVE supplied by oral gavage (100μl) every other day for 

consecutive 2 weeks. After proper RVE induction, we observe the mice 

for 30 minutes, 1 hour for any kind of allergic manifestation.  

2.5 Determination of body weight 

To understand the effect of RVE in this study, body weight of the mice 

was weighed every 3rd day for consecutive 2 weeks. Body weight 

measured in a weight measuring electronic balance. 

2.6 Determination of total liver weight 

With the standard protocol of anaesthesia, mice were sacrificed at day 

16 with all aseptic measurement. After dissection the total liver with 

gall bladder were removed and weighed in a fine organ measuring 

electric balance. 

2.7 Preparation of Acetamenophen (APAP) induction of APAP 

toxicity. 

APAP solution made by acetoaminophen powder (N-Acetyl-4-

aminophren), bioxtra 99% (Sigma Aldrich Co, 3050 Spruce Street, St. 

Louis, USA) in 10% ethyl alcohol solution following vortex for 1 

minute. After two weeks of prior RVE induction APAP toxicity is 

induced on the mice. At day 16, the APAP is induced by oral gavage at 

the dose of 500 mg/kg body weight of mice and the toxicity is induced 

for 24 hours. 

 

2.8 Serum and tissue sample preparation 

Mice were sacrificed 24 hoursafter APAP induction at day 16 with 
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standard protocol of anesthesia by isoflurane (Hana Pharm Co., 

Hwaseong, and Republic of Korea). After then, blood was collected 

from the retro-orbital plexus into tubes and serum samples were 

separated from blood by centrifugation of 14,000 rpm for 5 minutes. 

Liver tissue (10 mg) was homogenized in 10% cold RIPA lysis buffer 

included protease inhibitor (Thermo Scientific, Rockford, USA) using 

bead milling method (QIAGEN, GmbH, Mannheim, Germany), and 

centrifuged at 10,000 x g for 15 minutes at 4 ℃ and the supernatants 

were collected. Samples were stored at -80 ℃ in deep freezer. 

Approximate 0.5 cm of liver tissue was collected for histopathology. In 

addition, immediately put in 10 % formaldehyde for the purpose of 

fixation. 

2.9 Examination of reactive oxygen species (ROS) levels in serum 

and liver lysate. 

ROS in serum and liver lysate were analyze dusinng 2′,7′-

dichlorofluorescindiacetate (DCFH-DA) assay kit (Abcam, Cambridge, 

USA) according to the instruction manual. The samples of each group 

(serum and liver lysate) incubated with 10 μmol/L of DCFH-DA for 30 

minutes at 37 ℃ in the dark. Then it read and analyzed by using a 

DTX-880 multimode microplate reader (Beckman Counter Inc., 

Fullerton, CA, USA) at an excitation wavelength of 488 nm and an 

emission wavelength of 525 nm.  

2.10 Examination of nitric oxide (NO) levels in serum and liver 

lysate 

NO concentration was determined by using NO detection kit (Intron 

Biotechnology Company, Sungnam, Korea) according to 

manufacturer’s instruction. Fifty microliter of serum and liver lysate 

was transferred in a 96-well plate and incubated with reagent A for 10 
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minutes and reagent B for another 10 minutes at room temperature. 

The absorbance was read at 540 nm using a multimode microplate 

reader (Beckman Counter Inc., Fullerton, CA, USA). 

 

2.11 Endogenous Antioxidant Enzyme Activities 

2.11.1 GPx Assay 

Glutathione Peroxidase (GPx) activity in serum and liver lysate 

evaluated by measuring the H2O2 scavenging capacity using GPx assay 

kit (Biovision, Milpitas, CA, USA) according to the manufacturer’s 

instruction. In brief, oxidized glutathione, produced upon reduction of 

hydroperoxide by GPx, was recycled in its reduced state by glutathione 

reductase and reduced nicotinamide adenine dinucleotide phosphate 

(NADPH). The oxidation of NADPH to NADP+ was accompanied by 

a decrease in absorbance at 340 nm (Beckman Counter Inc., Fullerton, 

CA, USA). 

2.11.2 Catalase Assay 

Catalase activity in serum and liver was measured using catalase 

colorimetric assay kit (BioVision, Mountain View, CA94043, USA) 

according to the instruction manual. Briefly, the rate of decomposition 

of H2O2 measured in spectrophotometer at 570 nm using microplate 

reader (Beckman Counter Inc., Fullerton, CA, USA). One unit of 

catalase was defined as the amount of enzyme needed to decompose 1 

μM of H2O2 in 1 min. The catalase activity was normalized to 

milligram of protein used in the assay and was expressed as mU/mg 

protein. 
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2.12 Liver function tests (LFT) 

2.12.1 Total bilirubin assay 

Total bilirubin concentration in serum and liver lysate measured by 

bilirubin colorimetric assay kit (Biovision, Milpitas, CA, USA) 

according to manufacturer’s instruction. In brief, biovision bilirubin 

assay kit utilizes the Jendrassic-Grof principle to detect bilirubin. Total 

bilirubin (conjugated and unconjugated) concentration is determined in 

the presence of a catalyst, where bilirubin reacts with a diazo salt to 

form azobilirubin which absorbs at 600 nm (Beckman Counter Inc., 

Fullerton, CA, USA). 

. 

2.12.2 Alanine aminotransferase (ALT or SGPT) assay 

Total alanine aminotransferase (ALT or SGPT) assay concentration in 

serum and liver lysate evaluated by ALT colorimetric assay kit 

(Biovision, Milpitas, CA, USA) according to manufacturer’s 

instruction. In brief, it is almost always measured in units (U/L). In this 

kit an amino group is transferred of from alanine to alpha ketoglutarate. 

The products of reversible transamination reaction are pyruvate and 

glutamate. The glutamate is detected in a reaction that together 

converts a nearly colorless probe to color at 570 nm and fluorescent 

(EX/EM = 535/587nm). 

2.12.3 Aspartate aminotransferase (AST or SGOT) assay 

Total aspartate aminotransferase (AST or SGOT) concentration in 

serum and liver lysate evaluated by AST colorimetric assay kit 

(Biovision, Milpitas, CA, USA) according to manufacturer’s 

instruction. In brief, it is almost always measured in units (U/L). In this 

kit an amino group is transferred of from aspartate to alpha 
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ketoglutarate. The products of reversible transamination reaction are 

oxaloacetate and gluatamate. The glutamate has detected in a reaction 

that together converts a nearly colorless probe to color at 450 nm 

(Beckman Counter Inc., Fullerton, CA, USA). 

.  

2.13 ATP assay 

The total ATP concentration was measured using ab83355 Assay Kit 

(Dukpung-dong, Hanam-city, Seoul, Republic of Korea), following 

manufacturer’s instructions. ATP standard in two-fold dilution was 

prepared and added to the micro plate well. Samples added into the 

wells followed by the working detector reagent. The plate was 

incubated for 5 minutes and was analyzed at 570 nm (Biotech 

Instrument Inc, VT, USA).  

 

2.14 Total calcium assay 

The total calcium concentration was measured using Cayman Calcium 

Assay Kit (Ann Arbor, USA), following manufacturer’s instructions. 

Calcium standard in two-fold dilution was prepared and added to the 

microplate well. Samples added into the wells followed by the working 

detector reagent. The plate was incubated for 5 min and was analyzed 

at 590 nm (Biotech Instrument Inc, VT, USA).  

 

2.15 Cytokine analysis 

Cytokines such as interleukin IL-2, IL-4, IL-6 and TNF-α in serum 

were analyzed using a Multiplex Bead Suspension Array Kit (Bio-Rad, 

San Diego, CA, USA) according to the manufacturer’s instructions. 

The plate runs on a Luminex 200 Bio-Plex Instrument (Bio-Rad, 

Hercules, CA, USA). Raw data were analyzed by the software using 5-
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parameter logistic method. 

 

2.16 Histological analysis 

For light microscopical observations, liver 1cm2 were separated and 

fixed in 10% neutral buffered formalin (0.1m phosphate buffer, pH 7.4), 

dehydrated through a graded ethanol series, cleared by xylene and 

embedded in paraffin wax (Polyscience, Washington, USA). The 

paraffin section was cut 4μm thick by microtome (Reichert, Inc. New 

York, USA), stained and observed under the light microscope (BA300, 

Motic Ltd., Honkong, China).  

 

2.17 Statistical analysis 

The mean values among the groups were analyzed by GraphPad Prism 

version 5.0 software packages (GraphPad, La Jolla, CA, USA) and 

were compared using one-way analysis of variance (ANOVA) 

followed by subsequent multiple comparison test (Tukey). Differences 

were considered statistically significant at p<0.05, p<0.01, p<0.001. 
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II. RESULTS 

 

3.1 Effects of RVE on body weight 

Figure 1 represented the trace of RVE and APAP treatment on body 

weight of mice. Almost all group showed increasing pattern in body 

weight until 14 days of treatment. After 14 days the APAP induced 

groups showed the sharp decreasing trend on body weight. On the 

other hand, NC, CR and EX groups showed their increasing pattern of 

body weight until day 16. 
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Figure 1. Effect of RVE on body weight in APAP- induced acute 

hepatitis in C57BL/6. 

Data are the means ± SE for 10 mice. NC (normal control), AP (APAP-

induced only), CR (commercial RVE only), EX (experimental RVE 

group), CR+AP (commercial RVE with APAP induction), EX+AP 

(experimental RVE with APAP induction), M+AP (mixed RVE with 

APAP induction). 
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3.2 Effect of RVE on total liver weight 

Figure 2 represented the trace of RVE and APAP treatment on the total 

liver weight of mice. The result showed no statistical significance 

difference among groups. 

 

Figure 2. Effect of RVE on liver weight in APAP- induced acute 

hepatitis in C57BL/6. 

Data are the means ± SE for 10 mice. NC (normal control), AP (APAP-

induced only), CR (commercial RVE only), EX (experimental RVE 

group), CR+AP (commercial RVE with APAP induction), EX+AP 

(experimental RVE with APAP induction), M+AP (mixed RVE with 

APAP induction). 
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3.3Effect of RVE on ROS in serum and liver lysate 

To guage oxidative, we measured total ROS of both serum and liver 

lysate. Firstly, our result showed serum ROS levels in EX group were 

higher than that in AP, M+AP groups (p<0.05) and CR, CR+AP, 

EX+AP (p<0.01) groups respectively, Figure 3A). In line, hepatic ROS 

level in EX (p<0.05) and EX+AP (p<0.01) groups were higher than 

that in NC group (Figure 3B).
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Figure 3. Effect of RVE on ROS in APAP- induced acute hepatitis 

in C57BL/6. 

The levels of serum (A) and liver (B) ROS were measured. Data are 

the means ± SE for 10 mice. Significance difference was analyzed with 

ANOVA Tukey’s test (**p<0.01, *p<0.05). NC (normal control), AP 

(APAP-induced only), CR (commercial RVE only), EX (experimental 

RVE group), CR+AP (commercial RVE with APAP induction), EX+AP 

(experimental RVE with APAP induction), M+AP (mixed RVE with 

APAP induction). 
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3.4 Effect of RVE on NO in serum and liver lysate 

To determine  oxidative/nitrosative stress, we measured NO level of 

both serum  and liver lysate. Firstly, serum result showed that NO 

levels in M+AP group were higher than that in CR (p<0.01) and 

EX+AP groups (p<0.01)(Figure 4A). In line, hepatic NO level is 

higher in NC and AP group than that in M+AP (Figure 4B). 

 

 

 

Figure 4. Effect of RVE on serum and liver Nitric oxide (NO) levels 

in APAP- induced acute hepatitis in C57BL/6. 

The NO levels of serum (A) and liver (B) were measured. Data are the 

means ± SE for 10 mice. Significance difference was analyzed with 

ANOVA Tukey’s test (**p<0.01, *p<0.05). NC (normal control), AP 

(APAP-induced only), CR (commercial RVE only), EX (experimental 

RVE group), CR+AP (commercial RVE with APAP induction), EX+AP 

(experimental RVE with APAP induction), M+AP (mixed RVE with 

APAP induction). 
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3.5 Effect of RVE on GPx activity in serum and liver lysate 

CR and EX treatment markedly increased GPx activity in both serum 

and liver lysate  (p<0.05, p<0.01) respectively) compared to NC 

group. In particular, hepatic GPx activity of EX+AP group showed 

significantly higher level than NC group  (p<0.05) (Figure 5A and 

5B). 

 

 

Figure 5. Effect of RVE on serum and liver GPx levels in APAP- 

induced acute hepatitis in C57BL/6. 

The GPx levels of serum (A) and liver (B) were measured. Data are the 

means ± SE for 10 mice. Significance difference was analyzed with 

ANOVA Tukey’s test (**p<0.01, *p<0.05). NC (normal control), AP 

(APAP-induced only), CR (commercial RVE only), EX (experimental 

RVE group), CR+AP (commercial RVE with APAP induction), EX+AP 

(experimental RVE with APAP induction), M+AP (mixed RVE with 

APAP induction). 
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3.6 Effect of RVE on CAT activity in serum and liver lysate 

To determine the antioxidant activity of we measured CAT activity in 

both serum and liver lysate. In serum the M+AP group showed the 

lowest catalase level than all treatment groups. On the other hand, it 

showed opposite results in hepatic CAT level. In line, hepatic CAT 

activity of M+AP group showed markedly higher level than all 

treatment groups. However, the EX+AP group showed the lowest CAT 

activity in liver lysate (Figure 6A and 6B). 

 

 

Figure 6. Effect of RVE on serum and liver Catalase levels in 

APAP- induced acute hepatitis in C57BL/6. 

The Catalase levels of serum (A) and liver (B) were measured. Data 

are the means ± SE for 10 mice. Significance difference was analyzed 

with ANOVA Tukey’s test (***p<0.001, **p<0.01, *p<0.05). NC 

(normal control), AP (APAP-induced only), CR (commercial RVE 

only), EX (experimental RVE group), CR+AP (commercial RVE with 

APAP induction), EX+AP (experimental RVE with APAP induction), 

M+AP (mixed RVE with APAP induction). 
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3.7 Effect of RVE on serum cytokines level 

In Figure 7, we illustrated the levels of cytokine in serum. NC group 

showed the higher concentration of IL-2, IL-4 and TNF-α than that in 

all other groups with opposite trend showed by CR+AP group (Figure 

7A, 7B and 7D). On the other hand, AP and EX+AP group has the 

highest concentration of IL-6 compared to all other groups (Figure 7C). 
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Figure 7. Effect of RVE on serum cytokine levels in APAP- induced 

acute hepatitis in C57BL/6. 

The Cytokine levels IL-2 (A) IL-4 (B) IL-6 (C) TNF-α were measured. 

Data are the means ± SE for 10 mice. Significance difference was 

analyzed with ANOVA Tukey’s test (***p<0.001, **p<0.01, *p<0.05). 

NC (normal control), AP (APAP-induced only), CR (commercial RVE 

only), EX (experimental RVE group), CR+AP (commercial RVE with 

APAP induction), EX+AP (experimental RVE with APAP induction), 

M+AP (mixed RVE with APAP induction). 
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3.8 Effect of RVE on total bilirubin concentration in serum and 

liver lysate 

Figure 8 represented the total bilirubin concentration in serum and liver. 

In serum, the total bilirubin concentration showed increasing trend in 

all treatment group. There was no statistical significance in total 

bilirubin concentration in serum and liver lysate. 

 

 

 

Figure 8. Effect of RVE on serum and liver total bilirubin levels in 

APAP- induced acute hepatitis in C57BL/6. 

The total bilirubin levels of serum (A) and liver (B) were measured. 

Data are the means ± SE for 10 mice. NC (normal control), AP (APAP-

induced only), CR (commercial RVE only), EX (experimental RVE 

group), CR+AP (commercial RVE with APAP induction), EX+AP 

(experimental RVE with APAP induction), M+AP (mixed RVE with 

APAP induction). 

  



22 

 

 

3.9 Effect of RVE on ALT activity in serum and liver lysate 

ALT is one of the most important components in LFT and is specific 

for liver. To evaluate the LFT, we measured ALT activity in both serum 

and liver lysate. In line of serum the ALT activity is higher than that in 

EX, AP, CR and NC group (p<0.05 and p<0.01 respectively, Figure 

9A). On the other hand, there was no statistical significance in hepatic 

ALT activity (Figure 9B). 
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Figure 9. Effect of RVE on serum and liver ALT levels in APAP- 

induced acute hepatitis in C57BL/6. 

The ALT levels of serum (A) and liver (B) were measured. Data are the 

means ± SE for 10 mice. Significance difference was analyzed with 

ANOVA Tukey’s test (**p<0.01, *p<0.05). NC (normal control), AP 

(APAP-induced only), CR (commercial RVE only), EX (experimental 

RVE group), CR+AP (commercial RVE with APAP induction), EX+AP 

(experimental RVE with APAP induction), M+AP (mixed RVE with 

APAP induction). 
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3.10 Effect of RVE on AST activity in serum and liver lysate 

To gauge the LFT,  we measured AST activity both serum and liver 

lysate. The EX+AP group showed the highest level of AST activity in 

serum compared to all treated groups (Figure 10A). On the other hand, 

there was no statistical significance in hepatic AST activity (Figure 

10B). 

 

 

Figure 10. Effect of RVE on serum and liver AST levels in APAP- 

induced acute hepatitis in C57BL/6. 

The AST levels of serum (A) and liver (B) were measured. Data are the 

means ± SE for 10 mice. Significance difference was analyzed with 

ANOVA Tukey’s test (***p<0.001, **p<0.01, *p<0.05). NC (normal 

control), AP (APAP-induced only), CR (commercial RVE only), EX 

(experimental RVE group), CR+AP (commercial RVE with APAP 

induction), EX+AP (experimental RVE with APAP induction), M+AP 

(mixed RVE with APAP induction). 
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3.11 Effect of RVE on ATP levels in serum and liver lysate 

We measured ATP concentration both measured in serum and liver 

lysate. M+AP group showed the highest concentration of ATP in serum 

among all groups (Figure 11A). However, there was no statistical 

significance in ATP concentration in liver lysate. M+AP group showed 

the increasing trend in both serum and liver lysate (Figure 11A and 

11B). 

 

 

Figure 11. Effect of RVE on serum and liver ATP levels in APAP- 

induced acute hepatitis in C57BL/6. 

The ATP levels of serum (A) and liver (B) were measured. Data are the 

means ± SE for 10 mice. Significance difference was analyzed with 

ANOVA Tukey’s test (**p<0.001, ***p<0.001, *p<0.05). NC (normal 

control), AP (APAP-induced only), CR (commercial RVE only), EX 

(experimental RVE group), CR+AP (commercial RVE with APAP 

induction), EX+AP (experimental RVE with APAP induction), M+AP 

(mixed RVE with APAP induction). 
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3.12 Effect of RVE on total calcium concentration in serum and 

liver lysate 

Figure 12 showed the total calcium concentration in both serum and 

liver lysate. In line of hepatic calcium, concentration EX group has the 

lowest level of total calcium among all groups (Figure 12B). On the 

other hand, there were no statistical significant in serum total calcium. 

 

 

Figure 12. Effect of RVE on serum and liver calcium levels in 

APAP- induced acute hepatitis in C57BL/6. 

The calcium levels of serum (A) and liver (B) were measured. Data are 

the means ± SE for 10 mice. Significance difference was analyzed with 

ANOVA Tukey’s test (***p<0.001, **p<0.01, *p<0.05). NC (normal 

control), AP (APAP-induced only), CR (commercial RVE only), EX 

(experimental RVE group), CR+AP (commercial RVE with APAP 

induction), EX+AP (experimental RVE with APAP induction), M+AP 

(mixed RVE with APAP induction). 
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3.13 Effect of APAP on liver histopathology 

In the microscopic observation of only APAP induced liver of C57BL6 

mice showed some histopathological change of acute drug induced 

hepatitis. Hepatic sinusoids were congested with hepatocellular 

swelling and loss of radial appearance showed in (Figure 13A, 13B, 

13D). Vascular congestion and eosinophilic stained and piknotic nuclei 

hepatocytes focused in (Figure 13B). It also showed the mononuclear 

cell infiltration (Figure 13C). 
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Figure 13. Micrographic observation of APAP intoxication in AP 

group. 

(A) Disruption of radial arrangement of hepatocytes from central vein, 

(B) Vascular congestion, eosinophilic stained and piknotic nuclei 

hepatocytes (red arrow), (C) Mononuclear cell infiltration (red arrow) 

(D) Cellular swelling with perivascular necrosis (red arrow), 

hematoxylin-eosin stain, 400 magnifications. 
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3.14 Effect of RVE on liver histopathology in APAP induced acute 

hepatitis in C57BL/6. 

Micrographic observation showed clear outline of vena centralis with 

normal hepatocellular appearance in NC and EX group (Figure 14A 

and 14D). Centro-lobular pattern hepatocellular swelling, loss of radial 

appearance of sinusoids with eosinophilic stained and piknotic nuclei 

found in AP, EX+AP and M+AP group (Figure 14B, 14F and 14G). 

Mild grade of mononuclear cell infiltration showed in CR and CRAP 

group (Figure 14C and 14E). 
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Figure 14. Micrographic observation of effects of RVE on liver 

histopathology in APAP induced acute hepatitis in C57BL/6. 

(A) NC (normal control), (B) AP (APAP-induced only), (C) CR 

(commercial RVE only), (D) EX (experimental RVE group), (E) 

CR+AP (commercial RVE with APAP induction), (F) EX+AP 

(experimental RVE with APAP induction), (G) M+AP (mixed RVE 

with APAP induction), hematoxylin-eosin stain, 400 magnifications. 
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 IV. DISCUSSION 

 

In this scientific report, we found out the complete non-hepatotoxic EX 

RVE with its hepato-protection ability and the better efficacy with 

combination RVE therapy on APAP induced hepatotoxicity. Concretely, 

this has been evidence by four proofs such as gross activity, immune 

redox balance; LFT and histopathology. Of these, we first checked the 

body weight every 3 days up to day 16. The body weight result 

evidenced the normal growth of mice from the first to day fifteen 

(Figure 1) which grossly indicates the non-toxic effects of EX and CR 

on mice growth. After administration of APAP it evidenced to sharp 

reduction of body weight in all APAP treated mice clearly proof the 

APAP toxicity induction (Figure 1). In parallel, total liver weight 

among groups did not showed any significance but in the gross 

examination of liver the APAP and CR showed its inflammatory sign 

like superficial vascular congestion with the increasing trend in body 

weight measurement. Second, to validate this clinical relief, we 

examined the immune redox markers (ROS, NO, GPx, CAT and 

cytokines) among different treatment group, which are also the 

relevant biochemical indices to show the magnitude of toxicity. 

Towards this, we measured the levels of redox balance markers such as 

ROS, NO, GPx, and catalase. It has well known that hepatotoxicity 

might induce an increased ROS.15 In this study, we found that EX 

could increase the total ROS levels than other group but EX+AP has no 

ROS increasing effects. It suggested the protective effect of EX RVE. 

Whereas the APAP only group has the lowest ROS compare to NC 

might have, the harmful effects on ROS mediated cell signaling. 
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Lowering tendency strongly might suggesting the double-edged sword 

tendency of lowering ROS.16,17 To proof this fact, it needed to be 

explained by activity if GPX in serum and liver as another stress 

marker. NO plays a pivotal role in toxicity related to nitrosative stress 

because NO is able to react with ROS, thus producing reactive nitrogen 

species (RNS). These ROS and RNS might aggravate hepatotoxicity.18 

In this study, EX RVE drinking might block nitrosative stress pathway 

via the decrement of NO level in both serum and liver. This raised 

ROS in EX and EX+AP group might be explain by an increased levels 

of GPx and CAT antioxidant enzymes in both serum and liver18. These 

antioxidant enzymes plays important role in endogenous cellular 

defense mechanisms to control ROS.18–20 GPx enzyme has been 

regarded as one of the first line of defense system against ROS 

generated during oxidative stress.21 On the other hand, the highest 

activity of catalase has been found in the liver lysate of M+AP group.  

Catalase is able to catalyse the decomposition of H2O2 into H2O and 

O2.19,21 Of note, higher GPx and catalase activity in EX, EX+AP and 

M+AP fed mice implies that EX RVE and mixed RVE might be 

beneficial against APAP induced hepatotoxicity. Taken together, these 

redox data clearly shows EX RVE and mixed RVE drinking is effective 

in redox imbalance incurred in hepatotoxicity. Further, we also 

attempted to find immunological evidences through investigating four 

cytokines. Related drug induced hepatotoxicity the poor prognosis 

associated with the high level of cytokines are associated with innate 

immunity. On the other hand, good term of prognosis and eventual 

recovery is mostly dependent on the high level of cytokines associated 

with adaptive immunity.22, 23 Here in this study we measured the 

cytokines were IL-2, IL-4, IL-6 and TNF-α. Among them IL-2, IL-4 
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and TNF-α associated with innate immunity and IL-6 associated with 

adaptive immunity.22,23 Interleukin-6 belongs to a family of cytokines 

that signals through the shared receptor, gp130. A member of this 

cytokine family, including IL-6 and IL-27, plays critical pro and anti-

inflammatory roles. The pro inflammatory cytokines were significantly 

reduced in EX, EXAP and MAP group. Oppositely, IL-6 showed 

higher concentration in EXAP and AP group which could be play anti-

inflammatory or pro inflammatory role respectively or might be vice 

versa. 

Toward this, third we measured LFT with total bilirubin ALT and AST. 

The EX+AP group showed the highest level of AST activity in serum 

compared to all treated groups (Figure 7A). On the other hand, there 

was no statistical significance in hepatic AST activity (Figure 7B). In 

line, ALT activity of EX AP in both serum and liver lysate shows 

higher level than that in EX, AP, CR and NC group. There was no 

significance in serum total bilirubin results. The normal bilirubin has 

produced by the normal breakdown of pigment-containing proteins, 

especially hemoglobin from senescent red blood cells and myoglobin 

from muscle breakdown.24 Serum aminotransferase levels ALT and 

AST are two of the most useful measures of liver cell injury, although 

the AST is less liver specific than is ALT level.24–27 Elevations of the 

AST level also seen in acute injury to cardiac or skeletal muscle.22,24,28 

Lesser degrees of ALT level elevation might been shown in skeletal 

muscle injury or even after vigorous exercise. Following other studies, 

increased ALT level EX AP should be consider with the level of 

bilirubin, which did not increased eventually. Therefore, the source of 

ALT might be from liver or other non- hepatic sources.27, 29, 30 The low 

level of ALT, AST and bilirubin in EX group proves its non-
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hepatotoxic properties. However, M AP group showed better hepato-

protection ability with attenuation of ALT, AST and bilirubin in both 

serum and liver lysate. 

Lastly, we attempted to find histopathological evidence in this current 

study. Histopathology is one of the important study to support the liver 

toxicity biomarkers.11, 29 Considering the histological findings, NC, EX 

has normal histological findings. In APAP treated mices howed some 

histopathological changes as necrosis (Figure 12A), hemorrhage 

(Figure 12A, D), disruption of radial arrangement of hepatocytes from 

central vein, eosinophilic stained and pyknotic nuclei cells (Figure 12A, 

B), vascular congestion (Figure 12C), mononuclear cell infiltration 

(Figure 12C, ) and cellular swelling (Figure 12). On the other hand, in 

EX+AP, CR+AP and M+AP group histopathological findings were not 

as extensive as in the APAP group. 

 Collectively, it should be emphasized that above histopathological 

changes were significantly decreased in EX+AP, CR+AP and M+AP 

than the APAP only, and this results supporting by serum biomarkers 

and histopathological findings.  
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                 V. CONCLUSION 

 

In summary, this study shows hepato-protective effects of enzyme 

treated/experimental RVE (EX RVE) and mixed RVE drinking in acute 

hepatotoxicity mice model via immune-redox balance. In that context, 

enzyme treated RVE could be applied to the alternative, and safety 

fluid remedy for acute hepatotoxicity. Further studies are underway to 

uncover the molecular mechanism of enzyme treated/experimental 

RVE (EX RVE) in this model. 
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VII. ABSTRACT IN KOREAN 

 

국문초록 

 

간독성을 유도한 동물모델에서 효소처리로 얻어진 옻나무추출

물의 항암 및 항염증기전을 통한 간보호 효과 

<지도교수이규재> 

연세대학교대학원의과학과 

Jesmin Ara 

본 연구는 acetaminophen (APAP)을 C57BL6 마우스에 처리하여

간독성을 유도한 후 알러지유발 물질인 우루시올을 제거한 옻

나무진액을 경구투입하여 간보호 효과를 확인하기위해 시행되

었다. 사전 연구를 통하여 효소처리된 옻나무진액 및 혼합시

료가 C57BL6 마우스에서 안전함을 확인하였다. 70 마리의 마

우스를 각 10 마리씩 7 그룹으로 나누어 실험하였으며 각각 

정상군(NC), 아세트아미노펜투여군(AP), 시판중인 옻나무 추출

액 투여군(CR), 효소처리된 옻나무 진액투여군(EX), 아세트아

미노펜 + 시판중인 옻나무 열수추출액투여군(CR+AP), 아세트
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아미노펜 + 효소처리된 옻나무진액투여군(EX+AP), 아세트아

미노펜 + 시판중인 옻나무 열수추출물과 옻나무진액혼합물 투

여군(M+AP)으로 구분하였다. 옻나무진액의 음용효과를 검증

하고자 14일간 자유롭게 음용하도록 하였으며 이후 아세트아

미노펜을 500mg/kg의 농도로 일회투여하고 24시간 후에 희생

하여 혈액과 간조직 샘플을 채취하였다. 그 결과 아세트아미

노펜 투여 후 독성으로 인한 체중감소 현상이 관찰되었다. 또

한 활성산소와 산화질소관련 항산화효소인 글루타치온페록시

다제(GPx)와 카탈라제CAT)의 유의한 증가가 간독성 유발 후 

M+AP군에서 확인되었다. 간기능 검사결과에서는 CR+AP군에

서 AST, ALT, 빌리루빈의 감소가 관찰되었다. 면역조절반응과 

간기능실험을 통하여 효소처리에 의해 얻어진 옻나무진액투여

군(EX)에서만 자체 독성이 없는 것으로 확인되었으나 조직학

적으로는 약한 염증반응이 부분적으로 관찰되었다. 아세트아

미노펜으로 유도된 간독성실험에서 효소처리 옻나무 진액군과 

혼합액 처리군에서 간독성 예방효과가 있음을 확인하였다. 결

론적으로 효소처리한 옻나무진액은 자체 또는 옻나무 열수추

출물과의 혼합적인 사용의 경우 항산화작용을 통한 간보호에 

유효한 효과를 나타내는 것으로 판단된다.  
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핵심단어: 효소처리된 옻나무진액, 간보호효과, 항산화효과, 아
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