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Abstract 

Objective: Well accepted animal models are of the greatest importance in studying the 

Drug-induced Liver Injury (DILI), especially for those of which induced by the Traditional 

Chinese Medicine- Polygonum multiflorum Thunb (Chinese name: He-Shou-Wu, PMT) 

because of the difficulties to successfully simulate one in animals that can pattern the 

characteristics shown in people. This research aims to establish an early-warning animal 

model to investigate the potential mechanisms of DILI related to Toll-like Receptor 4 

(TLR4), and to verify the effectiveness of serum microRNA-122 as a candidate biomarker 

for DILI. Methods: 2 hours after LPS injection, rats were administrated with PMT 

respectively for 7 consecutive days Qd. On the 2nd h, 14th h, 5th day and 8th day, serum 

samples were collected for ALT/ALP test and TaqMan detection of microRNA-122 

expression. After weighing the organ to body ratio for each rat, liver samples were treated 

for histopathology observation and mTLR-4 detection by RT-PCR. Results: Comparing 
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against single administration with PMT, livers collected from animals pretreated with LPS 

injection were injured to various extents and performed hepatocyte degeneration. 

Meanwhile expression of liver mTLR4 and serum microRNA-122 increased significantly 

(p<0.05). Conclusions: Activated by LPS, this rat model of DILI for PMT was established 

successfully and its potential association with TLR4 was established. Serum 

microRNA-122 might be used as a candidate biomarker for the PMT- DILI. 

Key words: DILI; Polygonum multiflorum Thunb; Animal model; TLR4; microRNA-122 

 

Introduction 

Drug-induced liver injury (DILI) is a kind of liver injury caused by the drug itself, its 

metabolites, special hypersensitivity constitution or tolerance reduction to certain 

drug.
1,2

 Data from the WHO showed that in the past 50 years, DILI ranked the fifth cause 

of death in the world statistics. It has become the most common cause of withdrawal from 

the market as a result of safety concern.
3-8

 While liver injury can, in general, be classified 

as hepatocellular, cholestasis or mixed
9-10 

based on the criteria established by the Council 

for International Organizations of Medical Sciences (CIOMS).
11,12

 The clinical diagnosis of 

DILI is, however, a very big challenge of exclusion. Even though the CIOMS system is 

also used for causality assessment of DILI by scoring parameters, as is in the Roussel 

Uclaf Causality Assessment Method (RUCAM) scoring system, such as time to onset of 

symptoms, laboratory data, additional drug regimen, known toxicity of suspected drug, 

non-drug causes, and response to re-challenge, other remaining discussion must also be 

devoted to the patterns observed in DILI with emphasis on morphological features, 

common drugs and differential diagnosis for each pattern.
13-15

 In analysis of the reasons 
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that cause the current challenge in the diagnosis, prevention, and treatment of DILI, it is 

generally accepted that the difficulty of eliciting exposure to herbal products, 

over-the-counter agents and toxins, the lacking of biomarkers with liver specificity, 

expression stability and high sensitivity, the poor prognosis and rapid evolution of injury 

leading to high case fatality in along with their poorly understood mechanisms, 

cytochrome P450 enzymes (CYP450) metabolic activation, intracellular calcium 

homeostasis damage, mitochondrial damage, apoptosis, autoimmune activation, 

cholestasis and bile duct injury , and many others, are among the most often briefed 

ones.
16-19

 

 

A new animal model for DILI by herbal and botanical drugs is in urgent need in that, taking 

China as an example, the proportion of Traditional Chinese Medicine (TCM) induced liver 

injury, exceeding one third of DILI, has grossed over anti-TB drugs to become a major 

cause of DILI.
20,21

 Difficulties of the research rely on the complexity of TCM ingredients, 

unclear mechanisms of DILI, blindness of taking medicine, multiformity of pathological 

features and lack of specific biomarkers for diagnosis
22,23

 and it is, thus, that the 

commonly used animal models cannot satisfy the needs of simulating the TCM-DILI. Well 

accepted animal models are of the greatest importance in studying the prediction, 

diagnosis and treatment of DILI. Currently, three animal models are extensively adopted 

for DILI study in vivo. The chemical-induced liver injury model, by CCl4 and APAP, 

leading to toxic hepatic necrosis, is for evaluating drugs with liver-protect effectivity. The 

immunity-induced liver injury model, BCG with LPS activation, is mainly used for studying 
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viral hepatitis, and the third one is the alcohol-induced liver injury model, none of which 

can be of any representativeness of the DILI by herbal and botanical drugs. Characterized 

by acute paroxysm and liver failure, the hepatotoxicity of Polygonum multiflorum Thunb 

(Chinese name: He-Shou-Wu, PMT) is commonly reported both in China and in other 

countries of the world in recent years.
24 

PMT is one of Chinese herbs, which is traditionally 

valued and reported for hair-blacking, liver and kidney-tonifying and anti-aging effects as 

well as low toxicity. Natural compounds such as rhubarb, emodin and other 

anthraquinones are the main ingredients of PMT. Its origin, harvest time, processing and 

processing methods
16

, storage and sales are likely to affect the herb quality. The unclear 

mechanism for its damage to liver and its complicated chemical composition undoubtedly 

made it difficult to do the research. Even from the perspective of the TCM protection, the 

first notice of amendments to oral formulations containing PMT is given by the SFDA in 

October 2013, and has developed to a clear prompt attention to its risk of liver injury in 

July, 2014.
25

 As a traditional liver-protection drug, hepatotoxicity of PMT must draw our 

attention. Former research indicates that PMT-DILI as the idiosyncratic liver injury type 

may be related to immune-toxicity.
 26,27 

The unclear pathogenesis of hepatotoxicity, and 

the complex chemical composition undoubtedly make it difficult to unveil the mechanisms. 

One thing need to notice for the conventional animal models for PMT-DILI is that they 

usually cost a long period up to at least one month. What’s more, the administration 

dosage is over 200 times more than that of the clinical usage.
28

 Therefore, the aim of this 

work was to provide an animal model for PMT which has similar characteristics shown in 

humans. 
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It is well established that the activation of Kupffer Cells (KCs) plays a vital role in 

mediating idiosyncratic liver injury. The fatal thing may be the recognition and signal 

transduction of LPS. Available data show that the Toll-like receptors (TLRs) participate in 

the occurrence and development of hepatic pathological physiological process.
29 

As the 

important receptor of LPS, TLR4 combines with LPS in the participation of LBP, CD14 and 

MD to activate KC. Involved in the relevant receptors-signaling molecules, TLR4 

downstream signals in cells finally induce associated molecules to translocate into the 

nucleus and start transcription of inflammation factor and lead to liver injury.
30-32

 The 

current study tested the simulation of a new animal model of DILI for PMT via a strategy of 

the pre-activation of the KCs in the liver, based on the possible mechanisms of the 

idiosyncratic type of DILI and in an aim of reducing the time and amount of drug needed in 

the conventional models. In doing so, effects of DSS and LPS, the two most commonly 

used activators for KCs
33-36

 were compared, and LPS was chosen as the suitable inducer. 

Endeavors for a TLRs’ role and comparisons of the serum microRNA-122
27-41

 expression 

against the conventional biomarkers ALT and ALP for a potential biomarker were also 

made. The aim of this comparison was to verify the effectiveness of serum potential 

biomarker microRNA-122 for liver injury. 

 

Materials and Methods 

Animals 
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4-week male Sprague-Dawley rats (Beijing Vital River, Laboratory Animal Technology Co., 

Ltd.), SPF grade, weight 200±20g, were kept in GLP laboratory of National Beijing Center 

for Drug Safety Evaluation and Research ( NBCDSER) with a 12:12 light/dark photoperiod 

(lights off at 18:00 h) at 20–24 °C. Each 5-rats were housed in one plastic cage and 

provided with filtered drinking water and food ad libitum. This study was fully conducted 

under protocols approved by Institutional Animal Care and Use Committee (IACUC) in 

NBCDSER who was authenticated by Association for Assessment and Accreditation of 

Laboratory Animal Care International (AAALAC). 

 

Reagents and instruments 

Acetaminophen (APAP) tablets (Beijing dawn Pharmaceutical Co., Ltd., Zhunzi 

H11020830, China); Trizol (P/N: 15596-018, Invitrogen Life Technologies, USA); 

superScript III enzyme reverse l (P/N: 18080-044, Invitrogen Life Technologies, USA); 

SYBR® Premix Ex Taq ™ II (Tli RNaseH Plus), ROX plus (P/N: RR82WR, TaKaRa Bio 

Inc., Japan); Premix Ex Taq ™ (Probe qPCR), ROX plus (P/N: RR39WR, TaKaRa Bio Inc., 

Japan); 5x RNA Loading Buffer (P/N: CW0611A, Beijing century goldreha co., ltd, China); 

RNasin (P/N: AM2682, Invitrogen Life Technologies, USA); primers and probes 

(Has-miR-122, U6 snRNA, Invitrogen Life Technologies, USA); LPS (L2880, Lot # 

113M4068V, Sigma-Aldrich Co., USA); automatic blood analyzer (XT-2000iv, Japan 

Sysmex Co., Japan); vortex meter (QL-902, Lindberg Haimen Instrument Manufacturing 

Co., Ltd., China); centrifuge (Centrifuge 5415D, Eppendorf, Germany); spectrophotometry 

meter (NANODROP 2000, Thermo scientific Life Technologies, USA); fluorescence 
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quantitative PCR instrument (ABI7500, Applied Biosystems Life Technologies, USA). 

Polygonum multiflorum Thunb (PMT) was identified and obtained from Professor Xiao 

XH’s research group in 302 Hospital (purchased from Beijing green Pharmaceutical Co., 

BN.13101701, Hubei, China). Immersing into 50% ethanol twice by cold immersion 

method, the two extracts of PMT were combined and concentrated to 3g ml
-1

 (raw herbs); 

The ethanol extracts were analyzed by LC/MS method (Agilent Technologies, 6550 

iFunnelQ - TOF LC/MS). Chromatographic conditions: Agilent 300SB-C18 column 

(2.1mm×100mm, 1.8µm); Mobile phase was water (A) - acetonitrile (B). The linear 

gradient elution: 0-5min, 95%-68%A; 5-6min, 68%-45%A; 6-12min, 45% -12%A; 12 

-15min, 15% - 10%A; The column temperature was 30 ℃; The volumetric flow rate was 

0.3 ml/min; Detection wavelength was 280 nm; The elution time was 15 min; The Sample 

volume was 1 ml. The sample was prepared by 50% ethanol with a concentration of 

4mg/ml for raw herb. The analyzed result is showed in figure 1. 
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Figure 1. The UPLC fingerprint of ethanol extracts of Polygonum multiflorum 

Thunb. 

 

Establishment of Animal model for PMT-induced liver injury  

100 rats were randomly divided into 6 groups as follows: control group (20 rats), LPS 

group (20 rats), APAP group (15 rats), LPS+APAP group (15 rats), PMT group (15 rats) 

and LPS+PMT group (15 rats). For rats in LPS, LPS+APAP and LPS+ PMT group, LPS 

(4mg kg
-1

) was injected by caudal vein. 2 hours later, rats were administrated via 

intragastric route with APAP (325mg kg
-1

) and PMT (6g kg-1, equivalent to 30 times the 

clinical dose) respectively once a day for 7 days according to each group.  
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Figure 2. The entire experimental process and study design. 

General clinical observations, such as body weight, were performed daily. 5 rats in the 

control and LPS group on the 2
nd

 hour , 5 rats in each group on the 14
th

 h, the 5
th

 Day and 

the 8
th

 Day were anesthetized to sacrifice with 5% Pentobarbital sodium (100mg kg
 -1

 by 

peritoneal injection) respectively. Each blood sample was collected to clot from the 

abdominal aorta for further detection. After weighing the liver for each rat, livers were 

excised to be tested. 

 

ALT/ALP detection in serum 

The serum of rats was separated to determine the hepatic enzyme activities such as 

alanine aminotransferase (ALT) and alkaline phosphatase (ALP). 

 

Histopathology Observation 
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4% Paraformaldehyde fixed, paraffin-embedded liver samples were cut into 4 µm thick 

sections. Then the sections were deparaffinized in xylene and rehydrated by ethanol and 

stained with hematoxylin-erosin. Histopathology observation of liver was performed under 

light microscopy.  

 

Detection of liver mTLR4 expression by RT-PCR 

Total RNA containing microRNA was isolated from frozen liver samples using TRIzol 

reagent according to the manufacturer's instructions and assessed by quantitative 

real-time PCR (qPCR). Then the purtity and concentration of RNA was determined using 

spectrophotometry meter (Thermo scientific) with an amount of 1 µL the extraction. Next, 

the extracted RNA was reverse-transcribed to synthesize cDNA using the SuperScript III 

RNAse H– Reverse transcriptase kit (Invitrogen). Thirdly, the amplification reactions were 

performed by product manuals using SYBR® Premix Ex Taq ™ II (Tli RNaseH 

Plus). SYBRgreen was used as the detection channel. The primers are listed in Table 

1. The amplified samples were normalized to GAPDH. Real-time PCR data were 

analyzed by the relative gene expression (i.e., ∆∆Ct) method.  

Table 1. Primers for mTLR4 

 

Detection of serum microRNA-122 by TaqMan 

Gene Upstream primer(5'-3') Downstream primer(5'-3') Length(bp) 

TLR4 CTTTGCCTTCATTACAGGGACTTT CCAGAGCGGCTACTCAGAAACT 182 

GAPDH TGGAGTCTACTGGCGTCTT TGGAGTCTACTGGCGTCTT 138 
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The methods of serum Total RNA extraction was the same as mentioned in 2.2.4. Then 

the extracted RNA was reverse-transcribed by the TaqMan microRNA Reverse 

Transcription Kit and microRNA-122 stem-loop primers in accordance with the 

manufacturer’s protocols. Premix Ex Taq™ (Probe qPCR) was used to amplify the 

samples by product manuals. FAM and BHQ1 were used as the detection channel. The 

primers are listed in Table 2. In the end, the results were calculated by the relative 

standard curve method and normalized to RNU6B expression. 

Table 2. Primers for microRNA-122 

 

Statistical Analysis 

All data are expressed as mean ± SEM. For comparison of two groups, an unpaired t test 

was used. For comparisons that involved multiple variables and observations, ANOVA 

(SPSS 19.0; GraphPrism Pad 6) was used. Having passed statistical significance by 

ANOVA, Turkey-Kramer test for all pair comparisons or individual comparisons were 

made by using the contrast method. Statistical significance is stated in the figure legends. 

We used relative value to compare the indicators in each group. Mean value of each 

indicator in control group was calculated out as the baseline value. Each value was 

Gene Upstream primer(5'-3') Downstream primer(5'-3') TaqMan probe(5'-3') 

U6 CTCGCTTCGGCAGCACA 
AACGCTTCACGAATTTGC

GT 

FAM-CGATACAGAGAAGAT

TAGCATGGCC-BHQ1 

    

rno-miR-122-5p 
TGGAGTGTGACAATGGTG

TTT 
GTGCAGGGTCCGAGGT 

FAM-CTGGATACGACCAAA

CA-BHQ1 

    

rno-miR-122-5p

-loop RT  

Primer 

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAAACA 
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divided by the baseline. 

 

Results 

LPS+PMT induce weight loss of rats 

In Figure 2, we observed that rats administrated with LPS+PMT had significantly greater 

weight loss than that in the control and PMT groups from the 2
nd

 hour to the 8
th

 day 

respectively (vs Ctrl p<0.01, vs PMT p<0.01 ). Rats in the LPS+APAP and LPS+PMT had 

similar degree of weight loss as rats in the LPS group from the 2
nd

 hour to the 14
th

 hour. 

On the 14
th

 hour, the 5
th
 day and the 8

th
 day, the body weight for the rats in the LPS, 

LPS+PMT groups was much lower than that in the control and PMT groups. ( vs Ctrl 

p<0.01, vs PMT p<0.01). However, rats in the LPS group had slight weight recovery from 

the 2
nd

 hour to the 8
th

 day than those in the LPS+PMT group (p<0.05). n=5 for each group. 

 

Figure 3. Evolution of the body weight in the control, LPS, APAP, LPS+APAP, PMT 
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and LPS+PMT groups during the experiment. The body weight for each group changed 

on the 2
nd

 hour, the 14
th

 hour, the 5
th

 day and the 8
th

 day. a p<0.01 LPS and LPS+PMT 

groups vs Control rats. b p<0.01 LPS and LPS+PMT groups vs PMT rats. c p<0.05 LPS vs 

LPS+PMT rats. Data represent the mean ± SEM, * p<0.05, n=5 for each group. 

 

LPS+PMT promote slight liver swelling 

Organ to body weight ratio of liver were calculated (%). Each ration was divided by the 

mean value for the control group on the 2nd hour, 14th hour, 5th day and 8th day 

respectively. Data were expressed as mean ± SEM. * p<0.05. n=5 for each group. After 

activated by LPS, rats liver enlarged to swelling. Liver to body weight ratio increased 

significantly on the 2nd hour. Liver enlargement in the LPS+PMT and LPS+APAP groups 

was more obvious than that in the PMT and APAP groups respectively (LPS+PMT vs PMT 

p<0.05, LPS+APAP vs APAP p<0.05 ). Liver enlargement in the LPS group recovered 

gradually. On the 8th day, liver enlargement in the LPS+PMT group was greater than that 

in the LPS and PMT groups ( vs LPS p<0.05, vs PMT p<0.05 ). It suggested that the 

PMT-DILI model was successfully established. 
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Figure 4. LPS+PMT promote slight liver swelling. On the 2nd hour, KC activated by 

LPS lead to liver swelling. On the 14th hour, liver swelling was shown for rats in the LPS, 

LPS+APAP and LPS+PMT groups. Comparing with the LPS group, the liver to body 

weight ratio of rats in the APAP, LPS+APAP and LPS+PMT changed significantly higher 

on the 5th day (vs APAP p<0.05, vs LPS+APAP p<0.05, vs LPS+PMT p<0.05 ). On the 8th 

day, liver to body weight ratio of rats in the LPS+PMT group was significantly higher than 

those in the LPS and PMT groups respectively (LPS+PMT vs LPS p<0.05 ). Data were 

expressed as mean ± SEM. * p<0.05.n=6 for each group. 

 

ALT/ALP of LPS+PMT change in the normal range 

Administrated with LPS+PMT, ALT/ALP changed in normal range on the 8th day. After 2 

hours of Caudal vein injection of LPS, compared with the control group, serum ALT of 

rats in the LPS group increased significantly (LPS vs Ctrl p<0.05 ). At the following three 

time points, there was no obvious variation in the LPS group; serum ALT and ALP of rats 

in the PMT and LPS+PMT groups appeared no significant difference. The indexes varied 
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within normal range. Serum ALT of rats in the APAP and LPS+APAP groups increased 

significantly (vs Ctrl p<0.05). Data were expressed as mean±SD. * p<0.05. n=5 for each 

group. 

Table 3. serum ALT (U L
-1
) of rats in each group (x ±s, n=5)

a
 

Time Control LPS APAP LPS+APAP PMT LPS+PMT 

Hour 2 39.6±5.7 35.8±3.3 -- -- -- -- 

Hour 14 46.2±8.3 93.3±21.1* 41.8±6.3 87.8±20.7* 42.2±8.0 80.8±30.7* 

Day 5 20.6±4.4 21.2±2.5 76.4±33.2 46.6±18.3 26.6±5.5 23.8±6.3 

Day 8 28.4±9.1 23.8±5.4 56.6±12.6* 50.4±3.4* 30.6±6.8 28.0±5.3 

a 
Note: Compared with the control group on the 2

nd
 hour, 14

th
 hour, 5

th
 day and 8

th
 day, 

statistically significant changes are indicated as * p<0.05. 

Table 4. serum ALP (U L
-1
) of rats in each group (x ±s, n=5) 

Time Control LPS APAP LPS+APAP PMT LPS+PMT 

Hour 2 175.2±15.4 229.4±49.2 -- -- -- -- 

Hour 14 191.2±35.0 284.8±39.5 249.0±33.1 292.4±77.1 191.4±24.3 289.4±50.1 

Day 5 114.8±26.8 128.6±26.0 205.6±45.5* 182.6±45.5* 109.6±6.7 101.6±20.9 

Day 8 108.0±14.7 110.2±17.3 166.4±13.1* 168.6±26.1 116.6±28.5 102.6±41.2 

a 
Note: Compared with the control group on the 2

nd
 hour, 14

th
 hour, 5

th
 day and 8

th
 day, 

statistically significant changes are indicated as * p<0.05. 

 

LPS activate the hepatotoxicity of PMT 

The PMT-induced rats acute liver injury model was successfully established. On the 2
nd
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hour, a small amount of hepatocyte degeneration in the LPS group was observed. From 

the 2
nd

 hour to the 8
th

 day, the hepatocyte degeneration recovered gradually in the LPS 

group. Only a small amount of hepatocyte degeneration was observed in the PMT group; 

Degrees of liver injury in the LPS+PMT group deepened gradually, showing various extent 

of hepatocyte damage and degeneration. Chronic inflammatory lesions could be seen 

locally; Livers were damaged partially in the APAP group, and hepatocytes degenerated 

and grew necrosis. 
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Figure 5. The histopathological examination of liver. (A). The liver tissue of rats in the 

control group on the 8th day. (B). A particle of liver cells degeneration recovered after LPS 

activation on the 8th day. (C). Acute liver injury induced by APAP on the 8th day. The injury 

had been shown with focal inflammation and hepatocytes degeneration. (D). The liver 
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tissue of rats in the LPS+ APAP group on the 8th day. The injury had been shown with the 

necrosis of the hepatocytes. (E). The liver tissue of rats in the PMT group on the 8th day. 

Administrated with PMT, few hepatocytes degenerated. (F) The liver tissue of rats in the 

LPS+ PMT group on the 8th day. Focal necrosis of the hepatocytes had been shown as 

well as a particle of hepatocyte degeneration. Figures were all stained with HE (220×). 

 

Hepatotoxicity of LPS+PMT is associated with mTLR4 up-regulation in liver 

To determine mechanism of the PMT-DILI, mTLR4 expression in liver was used for 

evaluating the inflammation on hepatotoxicity. Each value for all the rats was divided by 

the mean value of its control group on the 2
nd

 hour, the 14
th

 hour, the 5
th
 day and the 8

th
 

day respectively (Figure 5). On the 2
nd

 hour, mTLR4 expression in the LPS group showed 

significant inhibition (Figure 5, vs Ctrl p<0.05). The following three time points, compared 

with the control group, mTLR4 expression appeared no obvious change in the PMT group. 

On the 5
th
 day, mTLR4 expression in the LPS+PMT group increased significantly by 

contrast to that of the control, LPS and PMT groups (Ctrl vs LPS+PMT p<0.05, LPS vs 

LPS+PMT p<0.05, PMT vs LPS+PMT p<0.05). While significantly increased in the APAP, 

LPS+APAP and LPS+ PMT groups on the 8
th

 day (Ctrl vs LPS+PMT p<0.05, LPS vs 

LPS+PMT p<0.05, PMT vs LPS+PMT p<0.05 ). n=5 for each group. Together, these data 

indicated that up-regulation of mTLR4 expression was associated with hepatotoxicity of 

LPS+PMT. 
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Figure 6. Hepatotoxicity of LPS+PMT on the expression of mTLR4 in liver. 

Expression of mTLR4 was analyzed on the 2
nd

 hour, the 14
th

 hour, the 5
th

 day and the 8
th

 

day in liver tissue from each group. The mTLR4 expressions in the LPS group were 

obviously inhibited compared with those in the control group (p<0.05). Rats treated with 

LPS+PMT had increased the level of mTLR4 when compared to those in the LPS and 

PMT group respectively (p<0.05). Data were expressed as mean ± SEM. * p<0.05. n=5 for 

each group. 

 

LPS+PMT upregulate microRNA-122 expression in serum 

Each value for all the rats was divided by the mean value of its control group on the 2
nd

 

hour, the 14
th

 hour, the 5
th

 day and the 8
th

 day respectively. After activated with LPS, 

microRNA-122 expression in rats serum increased significantly in the LPS group (vs Ctrl 

p<0.05) on the 2
nd

 hour. The following three time points, compared with the control group, 

microRNA-122 expression in rats serum appeared no significant change in the LPS group, 

while significantly increased in the LPS+ PMT, APAP, LPS+APAP groups with time 
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passing by (vs Ctrl * p<0.05). 

 

Figure 7. Ration of microRNA-122 expression in rats’ serum at different time points 

compared with control group. Expression of microRNA-122 was analyzed on the 2
nd

 

hour, the 14
th
 hour, the 5

th
 day and the 8

th
 day in serum from each group. The 

microRNA-122 expressions in the LPS group were obviously increased compared with 

those in the control group ( LPS vs Ctrl p<0.05). Rats in the LPS+PMT group had 

increased the level of microRNA-122 when compared to those in the LPS and PMT group 

respectively ( LPS vs LPS+PMT p<0.05, PMT vs LPS+PMT p<0.05 ). Data were 

expressed as mean ± SEM. * p<0.05. n=5 for each group. 

 

microRNA-122 and mTLR4 are more sensitive than ALT/ALP 

Each value of index, such as microRNA-122, mTLR4, ALT and ALP, was divided by the 
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mean of control group on the 2nd hour, 14th hour, the 5th day and the 8th day respectively. 

Comparing with the expression of ALT and ALP, microRNA-122 in rats serum and mTLR4 

in rats liver in the LPS+PMT group elevated significantly on the 8th day. And the degree of 

changes was in proportion to the liver damage. The augment of indexes in the LPS+PMT 

group was greater than that in the PMT group. Although ALT, ALP in rats serum in the 

LPS+PMT group increased significantly at the beginning (vs Ctrl, p<0.05), the expression 

of the two varied within normal range of rats serum. n=5 for each group. This 

phenomenon indicates that microRNA-122 in serum can be used as potential biomarker 

for this model. Perhaps mTLR4 in liver is also a promising candidate. 

 

Figure 8. Comparison of ration for the expression of ALT, ALP, microRNA-122 in rats 

serum and mTLR4 in rats liver in each group at different time points. (A). On the 2nd 

hour, the expression of microRNA-122 in serum increased promptly with the activation of 

LPS. On the contrary, the expression of mTLR4 in liver was inhibited by LPS injection. (B). 
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On the 14th hour, serum ALT and ALP in the LPS, LPS+APAP and LPS+PMT groups 

elevated in normal range. (C). On the 5th day, each index for rats in the APAP and the 

LPS+APAP groups aggrandized significantly compared with the control group. (D). On the 

8th day, the augment of serum microRNA-122 ration and liver mTLR4 ration in the 

LPS+PMT group were larger than those of ALT and ALP. By contrast, these variation in 

the LPS+PMT group were greater than those in the PMT group. Each index in the LPS 

group returned to normal. Data were expressed as mean ± SEM. * p<0.05. n=5 for each 

group. 

 

Discussion 

The pathogenesis of DILI is extremely complicated, especially for the immuno liver injury 

that associated with KCs activity. Liver macrophages, KCs, consist of the largest number 

of tissue macrophages, KCs play a vital role in regulating the immune system of the liver 

and even the whole body on the basis of its specific anatomic location and physiological 

function.
42

 Its functional status depends on striking a balance between activation and 

tolerance of KCs. For one thing, KC, a kind of typical mononuclear phagocyte, is activated 

to mediate inflammatory response and lead to local immuno injury under the stimulus of 

enterogenous bacteria and its endotoxin. For the other thing, existed in the liver, the 

activity of KCs is regulated by its internal LPS signal transduction system and various cells 

interaction. Only the interaction between activation and tolerance reached equilibrium, 

could the immune response of liver remain in the normal physiological range. LPS signal 

transduction system of KC is activated by a mass of LPS. Then vast pro-inflammatory 

Page 22 of 34Toxicology Research

To
xi

co
lo

gy
R

es
ea

rc
h

A
cc

ep
te

d
M

an
us

cr
ip

t



factors are released to mediate inflammation and pathological injury of liver, and may 

eventually develop systemic inflammation. 

 

Previous work was made to screen out an ideal model induce hepatotoxicity of PMT. DSS 

and LPS are commonly used to activate KCs as idiosyncratic liver injury inducers.
33-36

 Our 

previous studies hints that LPS is a better choice to activate the immune liver injury. 

Clinical observation index including liver to body weight ratio, hematology test, 

histopathology observations were recorded to determine whether the model was 

successful in our previous studies. In the pre-screening model, we used 3.5% DSS for 4 

consecutive days orally administration and 4mg kg
-1

 LPS once by caudal vein as inducing 

agents respectively. Compared with the DSS group, SD rats induced by LPS appeared 

loose stools on the 2nd hour. Eyelid secretion abnormalities were observed with a daily 

oral administration dosage of 20 times the clinical dosage for 7 consecutive days. Liver to 

body weight ratio of the LPS group increased significantly. Meanwhile, histopathology 

observation showed KCs activation, accompanied by a small number of hepatocytes 

degeneration. Ratio of rats with liver injury was higher than that of the DSS group. 

Compared with the female rats, the male rats were more sensitive to PMT-induced liver 

injury. It maybe results from the effect of estrogen-related anti-inflammation.
42

 Thus LPS 

was chosen as the inducer. LPS pretreatment and PMT dosing are performed with a 

2-hour interval on the basis of their the onset times of CYP450 activation.
44-46 

The types of 

CYP450 which are used to metabolize the main ingredients of PMT are similar to those of 

LPS. To determine the dosage of administration, Modified Karber method was used to test 
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SD rat oral median lethal dose (LD50), the maximum tolerated dose (MTD) and the 

maximum dosage (MLD) of PMT ethanol-extract after 4mg kg
-1

 LPS injection. LD50, MTD 

and MLD were 30g kg
-1

, 90g kg
-1

, and 53.26g kg
-1

, which were equivalent to 150, 450 and 

266.3-fold of clinical dosage respectively. The 95% confidence limit for LD50 was 46.91 ~ 

60.46g kg
-1

. 

 

Currently, the commonly used animal models are not suitable for studying the mechanism 

of PMT-DILI. The CCl4 model, as chemical-DILI animal model, is a classical one to 

accurately reflect the function, metabolism and morphology of hepatocytes. CCl4 could 

not only induce liver injury but also other organ injuries of experimental animals. The 

formation of free radicals and triggering of a chain peroxidation are the mainly accepted 

mechanisms. Different from the immune pathology of clinical hepatitis, liver injury that 

induced by chemical drugs can develop into toxic liver necrosis.
47

 Another commonly 

used chemical model is APAP. On the condition of hypohepatia or over-dosage of APAP 

within a short time, the metabolism of liver is confined to deplete intracellular GSH. Then 

the accumulating NAPQI leads to hepatocyte degeneration and necrosis.
48,49

 Secondly, 

alcoholic liver injury animal model is mainly used to study alcoholic fatty liver disease. The 

injury is mainly induced through directly affect the structure of cell membrane and function 

and indirectly influence its metabolites.
50,51 

Thirdly, BCG with LPS activation is an immune 

liver injury animal model. Immune response in the liver is the important mechanism of the 

virus hepatitis. Direct hepatocytes damage and destruction mediate T cell immune 

response. T cell-mediated immune response is the direct cause for hepatocyte damage.
52
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Our studies showed that the new model with LPS activation was established successfully 

because of short induction period and low induction dosage. Administrated with single 

PMT, rats in the PMT group weighed close to those in the control group. By contrast, rats 

in the LPS+PMT group weighed lighter obviously than those in the control group. The 

different trend of weight loss of rats between the PMT and the LPS+PMT groups might be 

due to the pharmaceutical effect of PMT on immune system. On the contrary, LPS+PMT 

might have a negative effect on the animal bodies. Rats, only treated with single LPS, 

weighed to normal after a sharp loss. It hints that PMT have a negative effect on animal 

bodies with the induction of LPS. Liver to body weight ratio of rats in the LPS or PMT 

groups gradually returned to normal. There were no significant differences between the 

two. The ratio of rats in the LPS+PMT group increased on the 2
nd

 hour, and reduced to a 

certain level which was higher than that of the LPS or PMT groups. It suggested that PMT 

could induce liver injury with the participation of LPS. Ratio of rats in the APAP and 

LPS+APAP groups raised significantly different with that of other groups. It proved that the 

injury mechanism between APAP and PMT were different. For histopathology observation, 

acute hepatocytes degeneration could be seen after 2 hours activation by LPS. On the 8
th
 

day, the morphology and structure of hepatocytes returned to normal. Liver injury in the 

LPS+APAP group appeared much more severe than that in the APAP group with visible 

hepatocytes necrosis. Minor hepatocytes degeneration could be seen in the PMT group. 

By contrast, hepatocytes degeneration and necrosis in the LPS+PMT group deepened 

gradually with the increasing times of drug administration. It proved that this model was 
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established successfully. LPS could activate the liver injury of PMT. Compared against 

the clinical usage, animal models for PMT-induced liver injury cost quite a long period up 

to 1 or 3 months with 200 times the clinic dosage. Its pathogenesis is different from the 

clinic trials. So the primary value of the research is to establish PMT-induced liver injury 

animal model that has similar characteristics shown in humans. 

 

In this animal model, the pathogenesis was associated with the expression of mTLR4 in 

liver. After activated by LPS, mTLR4 levels of rats’ liver in the LPS group returned to 

normal with a 7-day rise. It suggests that LPS could magnify the effect of PMT-DILI. The 

expression of mTLR4 in liver is proportional to the degrees of injury. TLRs, a kind of 

pattern recognition receptors (PRRs), can regulate the innate immunity and acquired 

immunity. They also play an vital role in the host resistance against microbial infection, 

and endogenous ligand. After the identification of exogenous and endogenous 

ligands, TLRs promote the inflammatory response signaling pathways and upregulate the 

expression of inflammatory factors to protect the tissues from injury.
53,54

 Endotoxins 

consist of lipoprotein and lipopolysaccharide (LPS) complexes. As the main active 

component of endotoxins, LPS performs important pathophysiological function. Identified 

as critical receptor for LPS signaling, modulation of TLR4 expression is closely related to 

control LPS-associated inflammation. There are two primary pathways for TLR4 to induce 

inflammation combined by LPS activation. Namely they are the myeloid differentiation 

factor 88 (Myd88) dependent and MyD88 independent signaling pathways.
55

 Combined 
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with LPS, TLR4 is transduced from the extracellular to the intracellular. It provide a bright 

orient for our next research.  

 

 Detection of the microRNA–122 expression in peripheral blood can help to predict the 

hepatotoxicity of a new drug. DILI, especially induced by TCM, is hard to predict for its 

acute paroxysm, rapid evolution of injury, high morbidity. Traditional biomarkers such as 

ALT/ALP cannot meet the requirement of early prediction of DILI. So a biomarker with 

high specificity, sensitivity and stability is indispensable.
56

 microRNA molecules, existed in 

body fluid with high stability, participate in cell growth, differentiation, proliferation and 

apoptosis, and other important physiological processes.
57,58

 The microRNA-122 only 

expresses in liver tissue with the highest amount expression of microRNA in 

hepatotoxicity.
37-41 

Studies show that the microRNA - 122 is an ideal potential biomarker 

for liver disease.
59

 In this research, we validate the effectiveness of potential serum 

biomarker microRNA-122 for DILI. The peak time of microRNA-122 expression in the 

LPS+PMT group was earlier than that of ALT/ALP. Indexes such as ALT, ALP, 

microRNA-122 and mTLR4 performed differently in the APAP, LPS+APAP, PMT and 

LPS+PMT groups. The different performance of microRNA-122 and liver to body weight 

ratio over time for the LPS+APAP and LPS+PMT groups indicates that the two are of 

different pathogenesis of liver injury.  

 

On account of the complex ingredients of PMT extract and lack of ideal animal model, the 

mechanism of PMT remains unclear to prevent further injury. While the new model could 
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validate the relation of toxicity mechanism with TLR4 and contribute to further study. It 

provides a new orient for studying hepatotoxicity mechanism of chemical, herbal and 

botanical drugs. Liver samples of this model will be used for proteomics analysis by 

iTRAQ technology.
60,61

 Compared with patients’ liver samples, the selected proteins will 

be validated to unveil the mechanism of PMT-DILI by ELISA or Western Blot. With the 

same method, the model’s blood samples will be analyzed to find out differentially 

expressed proteins. Then the selected proteins will be applied to identify the effectiveness 

of potential hepatotoxicity biomarkers for serum samples of patients with PMT-DILI.  

 

Conclusions 

This new animal model for PMT-induced Liver Injury with similar characteristics shown in 

humans was established successfully. Its mechanism is closely related to mTLR4 

expression. More sensitive than ALT and ALP, microRNA-122 was certificated to be an 

ideal potential serum biomarker for this model. Meanwhile the expression trend of mTLR4 

in liver is similar to that of microRNA-122 in serum. It hints that mTLR4 might also be used 

as a potential biomarker for this model. 
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Graphical Abstracts: A new animal model for Polygonum multiflorum Thunb (PMT)-induced Liver Injury, more similar to clinical 

trials, is established successfully with the activation of LPS. Its pathogenesis is associated with the expression of mTLR4 in rats’ liver. 

More sensitive than ALT and ALP, microRNA-122 is certificated to be an ideal potential serum biomarker for this model. 

 

                  
 The expression of mTLR4 in liver is 

positive proportional to the degrees of 

PMT-induced liver injury in this model. 

LPS injection triggered the 

hepatotoxicity of PMT in rats  

Serum microRNA-122 serves as a better 

potential biomarker for liver injury in this 

model than ALP or ALT does. 
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