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INTRODUCTION

Herbal medicine has been widely used to treat a variety 
of  disease in traditional Korean medicine. Co‑treatment 
of  Angelicae gigantis radix  (AGR) and Lithospermi 
radix (LR) was frequently used in Korean Medical Hospital 
of  Dongshin University in Republic of  Korea. AGR, the 
root of  Angelica gigas, is one of  the most popular medicinal 
herbs and is commonly used constituents in herbal 
prescriptions in traditional Korean medicine. Recently, 
memory ameliorating effects on scopolamine‑induced 

memory impairment[1] and anti‑allergic effects in 
dinitrofluorobenzene‑induced inflammation models[2] 
of  AGR have been demonstrated. LR, the root of  
Lithospermum erythrorhizon, is not as popular as AGR but 
has been used as therapy for cancer, wound, and skin 
diseases.[3‑5]

Not only the Korean Medical Hospital of  Dongshin 
University but also many local traditional Korean medicine 
clinics prescribe co‑treatment of  AGR and LR to treat 
hepatic disease, but few studies conducted to clarify the 
effects of  the prescription on hepatic disease. In traditional 
and folk medicine, some of  the doctors tend to use their 
own prescriptions without proving their effects or toxicity. 
Therefore, we aimed to clarify the effects of  AGR, LR, and 
co‑treatment of  these two herbal medicines on hepatic 
injury on rats.
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the protective effects of extracts of AGR and LR on carbon tetrachloride (CCl4) induced hepatic 
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effects on the CCl4‑induced rat hepatic tissue injury.
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Hepatic cell injury caused by carbon tetrachloride 
(CCl4)

[6,7] and others, as well as chronic alcohol 
consumption,[8] is well‑studied. CCl4‑induced hepatic injury 
is one of  the most investigated animal models, and in the 
past decades, molecular mechanisms for hepatic necrosis 
and steatosis induced by CCl4 were well‑documented.[9]

Herbal remedies on hepatic diseases have gained popularity 
in recent due to their safety.[10‑12] Herbal extract is composed 
of  various kinds of  phytochemicals, so it would be difficult 
to identify major components having pharmaceutical 
effect. Therefore, high throughput screening systems like 
microarray analysis is an essential process to elucidate the 
molecular effects of  herbal extract on disease animal model.

Therefore, in this experiment, we measured hepatoprotective 
effects AGR and LR on by CCl4‑induced hepatic injury 
using biochemistry and microarray technology with three 
treatment conditions including individual and co‑treatment 
of  these two.

MATERIALS AND METHODS

Animal
Sprague‑Dawley rat (Daehan Biolink Co., Korea), weighing 
200 ± 20 g, was maintained under 12 h day‑night cycles 
for at least 2 weeks prior to the experiment. The animals 
were free access to food and water. All experiments were 
conducted under the Institutional Guidelines for Animal 
Experimentation at Dongshin University School of  Korean 
Medicine.

Preparation of crude extracts from Angelicae gigantis 
radix, Lithospermi radix, and Angelicae gigantis 
radix + Lithospermi radix
AGR and LR were supplied by Gwangmyung Pharmaceutical 
Company  (Ulsan, Korea) and identified by Dr. Gumsan 
Lee  (College of  Korean Medicine, Wonkwang University, 
Korea). Voucher specimens  (201‑AGR and 201‑LR) were 
placed in the Herbarium of  School of  Korean Medicine, 
Pusan National University  (Yangsan, Korea), and all the 
materials satisfy the quality control guidelines from Korean 
Food and Drug Administration.

The three kinds of  raw materials (AGR, LR, AGR + LR) 
were ground into powders to 1 kg, and were extracted with 
75% aqueous ethanol for two times (2 days for each) under 
sonication at room temperature. The ratio of  AGR and 
LR in AGR + LR is 50:50. The extracted solutions were 
filtered using Whattman filter paper No. 3. The filtrate 
was then freeze‑dried to a powder, which was stored at 
4°C until use. The powder was dissolved into water prior 
to administration.

Measurements of total phenolic compounds 
and flavonoids contained in Angelicae gigantis 
radix, Lithospermi radix, and Angelicae gigantis 
radix + Lithospermi radix
80 ul of  aqueous solutions (80 mg/ml) of  each extracts 
was mixed with 20 ul of  50% Folin‑ciocalteu reagent, 
and 5 min add 100 ul of  2% sodium carbonate solution 
and incubate for 30  min at room temperature. The 
absorbance was read after the absorbance of  the reaction 
mixture was measured at 725 nm with ultraviolet (UV) 
spectrometer. All determination was performed in 
triplicate. The calibration curve was prepared by 
preparing tannic acid standard solutions at concentration 
4–20 ug/ml in water.

Diethylene glycol colorimetric method was used 
for flavonoids determination. 100 ul of  aqueous 
solutions  (80  mg/ml) of  each extract was mixed with 
1 ml of  diethylene glycol and 100 ul of  1 N NaOH. It 
remained at 37°C for 1 h. The absorbance of  the reaction 
mixture was measured at 420 nm with UV spectrometer. All 
determination was performed in triplicate. The calibration 
curve was prepared by preparing naringin standard 
solutions at concentration 0.4–20 ug/ml in water. Total 
content (%) of  flavonoids in each extract was calculated 
as naringin equivalent.

Total contents (%) of  phenolic compound and flavonoids 
in each extract were calculated as tannic acid and naringin 
equivalent (TAE and NE), respectively.

C  =  the concentration of  Naringin established from 
calibration curve mg/ml
V = Volume of  extract (ml)
M = the weight of  herbal extract (mg)

Folin‑ciocalteu method for total phenolic compounds 
clears that AGR, LR and AGR + LR extracts contain small 
amount of  phenolic compound, that is, 0.78%, 0.28%, 
and 0.33%, respectively, and diethylene glycol colorimetric 
method shows 0.20%, 0.08%, and 0.11% amount of  
flavonoids in each extract [Table 1].

High‑performance thin layer chromatography‑based 
fingerprinting
It is difficult to maintain consistent qualities of  herbal 
medicines because they are natural resource‑derived 
materials such as AGR and LR, therefore, quality 
control or standardization of  herbal medicine is very 
important. A  Camag high performance thin layer 

× ×T A E = ( [C V ] / M ) 10 0

× ×NE = ( [C V ] / M ) 10 0
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chromatography system was used for the fingerprinting of  
the herbal extracts, and the linear ascending development 
was carried out in a Camag horizontal development 
chamber (10 cm × 120 cm) which was presaturated with 
mobile phase chloroform: Methanol (10:1 v/v) at room 
temperature. After development, derivatization was carried 
out in UV or anisaldehyde solution spraying followed by 
heating [Figure 1].

Chemical treatment
Hepatic injury was induced by intraperitoneal injection 
of  CCl4 at 1 ml/kg (10%, diluted in corn oil). Control 
group received only corn oil intraperitoneally. For oral 
administration of  herbal extracts, 1% (w/v) of  each of  
the extracts was freely supplied in water to seven rats 
for five consecutive days after the induction of  hepatic 
injury.

Blood collection and estimation of serum aspartate 
aminotransaminase and alanine aminotransaminase
Before sacrificing the animals, blood was collected 
from cardiac puncture under anesthesia without the use 
of  anticoagulant. The blood was allowed to stand for 
20 min before centrifugation at 5000 ×g for 10 min to 
obtain serum. The obtained serum was used for analysis 
of  aspartate aminotransaminase  (AST) and alanine 
aminotransaminase (ALT). Serum levels of  AST and ALT 
were assayed from kits (Asan Pharma. Co., Ltd., Hwasung, 
Korea).

Estimation of lipid peroxidation
Estimation of  lipid peroxidation level in hepatic tissue 
homogenate was conducted by measuring malondialdehyde 
(MDA) content  (pmol/mg protein), a measure of  lipid 
peroxidation in the form of  thiobarbituric acid reacting 
substances by the method of  Gutteridge.[13]

Histopathological examination of the liver
After blood collection from rats, livers from all of  the rats 
were removed quickly, and were stored separately in a deep 
freezer. Some pieces were fixed in phosphate‑buffered 
formalin (10%) for histopathological examination stained 

hematoxylin and eosin  (Hematoxylin and Eosin stain), 
and the representative features were examined under light 
microscope.

Statistical analysis
The values are expressed as mean ± standard error, and 
the results were analyzed using the Statistical Package for 
the Social Sciences (version 18.0, SPSS Inc. Chicago, USA) 
and Sigmaplot (version 12, Systat Software Inc. San Jose, 
USA) software and statistical significance was evaluated by 
one‑way analysis of  variance followed by Duncan’s multiple 
comparison test. A  value of P  <  0.05 was considered 
statistically significant.

RNA isolation from hepatic tissue
The rats were sacrificed by intraperitoneal injection 
of  sodium pentobarbital. The liver was then surgically 
removed. After immediate snap frozen, hepatic tissue was 
stored in liquid nitrogen. The total RNA was then isolated 
from the frozen tissue using the Qiagen RNeasy Kit 
following the manufacturer’s instructions (Qiagen Korea 
Ltd.). For the evaluation of  quality of  RNA, the ratio of  
28S/18S ribosomal RNA was measured to be over 1.6.

Microarray experiment
RNA isolated from the 7 rats in each group was pooled 
to eliminate individual variability. An Agilent microarray 
system (Agilent Technologies Co.) was used, which contains 
approximately 45,000 oligo‑spots representing  ~17,000 
genes. Initially, 20 µg of  RNA was labeled fluorescently 
and hybridized with reference RNA using 3 DNA 
array detection system according to the manufacturer’s 
protocol  (Genisphere, PA). RNA from normal rats was 
used as a reference. Microarray was scanned using a 

Table 1: Total phenolic compounds and flavonoids 
contents in the herbal medicines

Total phenolic 
compounds

Total flavonoids

In 80 mg/ml 
solution 
(ug/ml)

Percentage 
of contents 
in extracts

In 80 mg/ml 
solution 
(ug/ml)

Percentage 
of contents 
in extracts

AGR 622 0.78 163 0.20
LR 225 0.28 63 0.08
AGR+LR 261 0.33 84 0.11

AGR: Angelicae gigantis radix; LR: Lithospermi radix

Figure 1: High-performance thin layer chromatography (HPTLC) 
images of Angelicae gigantis radix (AGR), AGR + Lithospermi radix 
(LR) and LR (lane a, b, and c, respectively) fingerprinting. HPTLC plate 
(silica gel F254; mobile phase, chloroform:Methanol/8:2) and visualizer 
(Camag, Swiss) were used in acquiring the images. (a) 254 nm 
ultraviolet (UV); (b) 366 nm UV; (c) white light; (d) p-anisaldehyde 
sprayed followed by white light detected

dc

ba
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ScanArray scanner (Perkin‑Elmer, Boston, MA) to produce 
raw image file.

Microarray data analysis
Microarray data were normalized using the Lowess 
method as previously described.[14] Only spots with 
the intensity level  >1.4  times to that of  the local 
background were selected for analysis and only 
genes that were well‑measured in all sample were 
included in the analysis. The hierarchical clustering 
was performed using CLUSTER and TREEVIEW 
program (M.B. Eisen, http://rana.lbl.gov). We considered 
1.5 fold of  expression change as baseline of  up‑  or 
down‑regulation. OntoExpress program was applied 
for ontological analysis,[15] and cytoscape program was 
applied for interaction network analysis[16] in which 
databases of  BOND (http://bond.unleashedinformatics.
com) and the BioGrid  (http://www.thebiogrid.org/) 
were used. Common genes present in rat and human 
were obtained from the database of  The Jackson 
Laboratory (http://www.informatics.jax.org).

RESULTS

Effects of Angelicae gigantis radix, Lithospermi radix 
and Angelicae gigantis radix  +  Lithospermi radix 
extracts on hepatic injury markers
Hepatoprotective effects of  AG, LR, and AGR + LR 
on hepatic injury induced by CCl4 administration 
was observed by evaluating serum level of  AST 
and ALT in treatment groups. These enzymes are 
cytoplasmic in nature but marked increased release 
of  AST and ALT indicates a severe damage to hepatic 
tissue. As shown in Figure 2a and b, CCl4 treatment 
significantly increased the serum levels of  AST 
and ALT from 120.69  ±  11.16 and 30.35  ±  11.16 
to 224.06 ± 13.73 and 101.82 ± 10.67, respectively. 
However, pretreatment with AGR  +  LR before the 

injection of  CCl4 prevented the elevation of  the serum 
levels of  AST and ALT (P < 0.05).

Exposures to CCl4 showed a significant increase 
in lipid peroxidation in hepatic tissue homogenate 
from 23.03  ±  8.37 to 168.38  ±  15.74, however, oral 
administration of  AGR and AGR + LR extract decreased 
the liver MDA level to 134.06 ± 20.13 and 80.93 ± 10.52, 
respectively [Figure 3].

As depicted in Figures 2 and 3, CCl4 administration induced 
severe hepatic injury as shown as elevation in tissue level 
of  MDA and serum levels of  AST and ALT. Histological 
examination also confirmed above data by showing 
the inflammatory features of  hepatic tissues  [Figure  4], 
whereas pretreatment with AGR significantly reduced the 
hepatotoxicity of  CCl4.

Clustering pattern of gene expression
The effects of  pretreatment of  AGR, LR, and AGR + LR 
oral administration on gene expression in the rat hepatic 
tissue injured by CCl4 treatment were measured by 
microarray analysis. Of  a total of  approximately 17,000 
genes on the microarray, about 2,400 genes that were up‑ or 
down‑regulated in at least one sample were filtered to be 
clustered based on gene expression level [Figure 5a]. AGR, 
LR and AGR + LR administration induced and repressed 
different genes, respectively. The effect of  herbal medicines 
according to treatment conditions on up (194 genes) and 
down‑regulated genes  (513 genes) induced by hepatic 
injury was also measured. As shown in Figure 5b and c, 
many up‑ or down‑regulated genes by hepatic damage were 
restored to a normal level by AGR, LR, and AGR + LR, 
respectively.

Figure 2: Effects of herbal medicines on serum aspartate 
aminotransaminase and alanine aminotransaminase activities in rats 
treated with carbon tetrachloride (CCl4). Rats were orally administered 
with Angelicae gigantis radix (AGR), AGR + Lithospermi radix (LR), and 
LR for five consecutive days, respectively, and then blood samples were 
obtained. Data are mean ± standard error of seven experiments. #P < 0.05 
when compared to normal rats; *P < 0.05 when compared to CCl4 group

Figure 3: Effects of herbal medicines on liver homogenate lipid peroxidation 
of carbon tetrachloride (CCl4) treated rats. The results represent mean ± 
standard error of seven animals in each group. #P < 0.05 when compared 
to normal rats; *P < 0.05 when compared to CCl4 group
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Ontological analysis of genes altered in liver by carbon 
tetrachloride
To elucidate the molecular effects of  CCl4 treatment on 
liver, we performed an ontological analysis for genes that 
were up‑ or down‑regulated in response to hepatic damage 
induced by CCl4. As shown in Table 2, various biological 
processes were involved in hepatic injury induced by CCl4, 

which means that treatment of  CCl4 caused suppression or 
induction of  various cellular functions in the liver.

Interaction network analysis of genes altered in liver 
by carbon tetrachloride
Because it was postulated that key components would interact 
with many other counterparts, we evaluated the interaction 
significance using interaction network information (Bond 
database, http://bond.unleashedinformatics.com BioGrid 
database, http://www.thebiogrid.org/). Figure  6 shows 
the interaction network structure of  the first neighbors 
of  proteins corresponding to up‑ or down‑regulated genes 
in liver injured by CCl4. Because amount of  information 
on interaction in rat system was much smaller than that 
in human system, we transformed rat genes into human 
genes based on gene symbol using orthology database 
provided by The Jaxon Laboratory  (http://www.
informatics.jax.org). Five hundred and thirty‑seven nodes 
of  the first neighborhood were selected for up‑regulated 
genes [Figure 6a], whereas 1,501 nodes were selected for 
down‑regulated genes [Figure 6b]. Of  these first neighbor 
nodes, core nodes which have at least 10 interaction edges 
were selected as significant. Of  core nodes, 19 genes 
were up‑regulated, and 51 genes were down‑regulated in 
response to hepatic injury by CCl4. Table 3 shows top 10 
core node genes.

Effect of treatment of Angelicae gigantis radix, 
L i thospermi radix,  and Angel icae gigant is 
radix + Lithospermi radix on genes altered in liver by 
carbon tetrachloride
The core node genes identified in this analysis were thought 
to play key roles in the response to hepatic injury by CCl4. 
Therefore, we measured the effect of  AGR, LR, and 
AGR + LR on these genes. Although the overall expression 
pattern of  the core node genes was similar to that of  the 

Figure 4: Histological examination of rat acute hepatic injury induced by carbon tetrachloride (CCl4). (a) naïve rats; (b) CCl4 treated; (c) CCl4 

and Angelicae gigantis radix (AGR) treated; (d), CCl4 and Lithospermi radix (LR) treated; (e) CCl4 and AGR + LR treated group, respectively. V, 
central vein. Arrows indicate inflammation cells. Histological examinations were performed under a light microscope (×100)

d
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e

Figure 5: Expression profiles of genes regulated by carbon tetrachloride 
(CCl4) and herbal medicines. Normalized microarray data were 
hierarchically clustered according to the level of gene expression. 
Columns represent each experimental group, and rows represent genes. 
Red and green indicates up- and down-regulation, respectively. Scale 
bar represents the color intensity corresponding to the expression ratio 
(logarithm of base 2). Cluster (a) shows expression profile of total genes 
(2,423 genes) according to treatment of herbal medicines followed by 
CCl4 treatment. A detailed view of the individual gene expression is 
shown in b and c. Cluster b (194 genes) consists primarily of genes 
that were up-regulated while cluster (c) (513 genes) consists primarily 
of genes that were down-regulated in response to CCl4 treatment

c

b

a
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expression pattern of  all of  the genes that were altered by 
hepatic injury [Figure 7], the percentage of  core node genes 
recovered by treatment with the herbal medicines increased 
greatly in all treatment conditions. Specifically, of  19 core 
node genes up‑regulated by CCl4, all 19 genes were restored to 
normal levels by AGR administration [Figure 7b]. However, 
when all of  the genes that were up‑regulated in response 
to hepatic injury were evaluated, AGR administration 
restored the expression level of  94.3%  (183/194) of  
the genes  [Figure 7a]. LR administration also recovered 
94.7% (18/19) of  genes when measured using core node 

genes and 93.8%  (182/194) when measured using all 
of  the genes that were up‑regulated by CCl4. The most 
prominent effect of  the herbal medicines was obtained 
when these two treatment conditions (AGR + LR) were 
co‑administrated. One hundred percentage  (when using 
core node genes) and 97.4% (when using all up‑regulated 
genes) of  recovery rates were obtained. Similar effects were 
also observed when the genes that were down‑regulated 
in response to hepatic injury by CCl4 were evaluated. 
Specifically, by AGR administration, 89.1% (457/513) of  
the genes that were down‑regulated in response to hepatic 

Table 2: Ontological analysis of genes altered by CCl4 treatment
Up by CCl4 treatment Down by CCl4 treatment

GO ID P Function GO ID P Function
Biological process

GO: 0007283 0.000127 Spermatogenesis GO: 0006986 0.00128 Response to unfolded protein
GO: 0001953 0.00240 Negative regulation of cell‑matrix 

adhesion
GO: 0045429 0.00272 Positive regulation of nitric oxide 

biosynthetic process
GO: 0030282 0.00395 Bone mineralization GO: 0006508 0.00411 Proteolysis
GO: 0042640 0.00395 Anagen GO: 0030433 0.00702 ER‑associated protein catabolic process
GO: 0000910 0.00539 Cytokinesis GO: 0050896 0.00749 Response to stimulus
GO: 0043524 0.0106 Negative regulation of neuron 

apoptosis
GO: 0006596 0.00832 Polyamine biosynthetic process

GO: 0006641 0.0200 Triacylglycerol metabolic process GO: 0007608 0.0110 Sensory perception of smell
GO: 0000042 0.0203 Protein targeting to Golgi GO: 0007275 0.0128 Multicellular organismal development
GO: 0000915 0.0203 Cytokinesis, contractile ring formation GO: 0006950 0.0129 Response to stress
GO: 0000917 0.0203 Barrier septum formation GO: 0006909 0.0138 Phagocytosis

Molecular function
GO: 0005509 0.00311 Calcium ion binding GO: 0042803 2.39E‑04 Protein homodimerization activity
GO: 0005516 0.00674 Calmodulin binding GO: 0004872 8.15E‑04 Receptor activity
GO: 0008201 0.0139 Heparin binding GO: 0017163 0.00287 Negative regulator of basal transcription 

activity
GO: 0004482 0.0203 mRNA (guanine‑N7‑) ‑ 

methyltransferase activity
GO: 0042577 0.00287 Lipid phosphatase activity

GO: 0000224 0.0203 Peptide asparagine amidase GO: 0030911 0.00287 TPR domain binding
GO: 0030345 0.0203 Structural constituent of tooth enamel GO: 0005515 0.00417 Protein binding
GO: 0004620 0.0203 Phospholipase activity GO: 0016651 0.00832 Oxidoreductase activity, acting on 

NADH or NADPH
GO: 0050425 0.0203 Carboxypeptidase B activity GO: 0004694 0.00832 Translation initiation factor 2 alpha 

kinase activity
GO: 0004574 0.0203 Oligo‑1,6‑glucosidase activity GO: 0004984 0.0132 Olfactory receptor activity
GO: 0000171 0.0203 Ribonuclease MRP activity GO: 0030235 0.0160 Nitric oxide synthase regulator activity

Cellular component
GO: 0005938 4.06E‑04 Cell cortex GO: 0005887 0.00170 Integral to the plasma membrane
GO: 0043234 7.49E‑04 Protein complex GO: 0042788 0.00287 Polysomal ribosome
GO: 0005694 0.0172 Chromosome GO: 0005794 0.00417 Golgi apparatus
GO: 0001669 0.0200 Acrosome GO: 0005886 0.00611 Plasma membrane
GO: 0000172 0.0203 Ribonuclease MRP complex GO: 0031307 0.00832 Integral to mitochondrial outer 

membrane
GO: 0042585 0.0203 Germinal vesicle GO: 0005802 0.00890 Trans‑Golgi network
GO: 0001520 0.0203 Outer dense fiber GO: 0000139 0.0100 Golgi membrane
GO: 0030137 0.0203 COPI‑coated vesicle GO: 0005739 0.0165 Mitochondrion
GO: 0005954 0.0203 Calcium calmodulin‑dependent 

protein kinase complex
GO: 0016605 0.0183 PML body

GO: 0005763 0.0277 Mitochondrial small ribosomal subunit GO: 0000785 0.0204 Chromatin
GO ID represents the identification number determined by gene ontology. The P value was calculated by Fisher’s exact test based on the total array element. MRP: Mitochondrial 
ribonucleic acid processing; TPR: Tetratricopeptide repeat; PML: Promyelocytic leukemia; ER: Endoplasmic reticulum; COPI: Coat protein complex; NADH: reduced form of 
Nicotinamide adenine dinucleotide; NADPH: Nicotinamide adenine dinucleotide phosphate
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injury were recovered [Figure 7c], whereas this recovery rate 
was 72.5% (37/51) when only the core node genes were 
evaluated [Figure 7d]. LR administration increased recovery 
rate from 73.3% (376/513) to 92.2% (47/51) using core 
node genes rather than all down‑regulated genes. As in 
the case of  up‑regulated genes, co‑treatment of  AGR and 
LR (AGR + LR) showed the highest recovery rate. 100% of  
recovery rate was measured with core node genes whereas 
89.3%  (458/513) was obtained with all down‑regulated 
genes induced by CCl4 treatment.

DISCUSSION

These two medicinal herbs, AGR and LR, are often 
prescribed together in Korean Medical Hospital of  
Dongshin University to treat hepatic diseases including 
acute hepatitis. AGR was reported to have memory 

Table 3: Top 10 core node genes altered by CCl4 treatment
Unigene Symbol Name Edge number
Over by CCl4 treatment

Rn. 99639 TAF1 TAF1 RNA polymerase II, TATA box binding protein‑associated factor 30
Rn. 1762 CANX Calnexin 26
Rn. 99925 TEX11 Testis expressed gene 11 23
Rn. 101301 RACGAP1 Rac GTPase‑activating protein 1 15
Rn. 33853 TERF1 Telomeric repeat binding factor 1 14
Rn. 10539 CENTA1 Centaurin, alpha 1 14
Rn. 23810 CSNK1A1 Casein kinase 1, alpha 1 13
Rn. 95169 ABI3 ABI gene family, member 3 13
Rn. 214214 RUNX2 Runt‑related transcription factor 2 12
Rn. 79548 CNKSR1 Connector enhancer of kinase suppressor of Ras1 11

Down by CCl4 treatment
Rn. 108128 CREBBP CREB binding protein 100
Rn. 2274 UBE2I Ubiquitin‑conjugating enzyme E2I 78
Rn. 119867 HSP90AA1 Heat shock protein 90, alpha (cytosolic), class A member 1 68
Rn. 8653 YWHAB Tyrosine 3‑monooxygenase/tryptophan 5‑monooxygenase activation 

protein, beta polypeptide
64

Rn. 2809 PTK2 PTK2 protein tyrosine kinase 2 60
Rn. 34914 MAPK1 Mitogen‑activated protein kinase 1 54
Rn. 11119 TNFRSF1A Tumor necrosis factor receptor superfamily, member 1a 47
Rn. 22518 CAV1 Caveolin, caveolae protein 1 45
Rn. 214576 ZBTB16 Zinc finger and BTB domain containing 16 44
Rn. 22436 LRP1 Low‑density lipoprotein receptor‑related protein1 42

Genes were ordered according to the number of interaction edges. CREB: CAMP response element-binding

Figure 7: Effects of herbal medicines on the gene expression that 
were altered by carbon tetrachloride. The effects of herbal medicines 
according to treatment conditions on total up-regulated (a), up-regulated 
core node genes (b), total down-regulated (c), and down-regulated 
core node genes (d) were evaluated. The figures represent the 
number of up-regulated and down-regulated genes according to each 
treatment condition. The dotted line indicates the baseline of up- or 
down-regulation. Core node genes were determined as genes showing 
interaction edges with at least 10 neighborhood nodes

dc

ba

Figure 6: Analysis of the interaction network. The first neighborhood 
of genes that were altered in response to carbon tetrachloride (CCl4) 
treatment was identified during analysis of the interaction network. The 
number of first neighborhood nodes of genes that were up-regulated 
in response to CCl4 was 537 (a) and the number of first neighborhood 
nodes of genes that were down-regulated was 1,501 (b) yellow nodes 
indicate core node genes that were altered by CCl4 treatment and had 
at least 10 interaction edges with other proteins

ba
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ameliorating[1] and anti‑allergic effects,[2] and LR was 
reported to have anti‑cancer,[3] and wound healing[4] effects. 
However, the mechanism of  the effect of  co‑treated remedy 
on hepatic injury has not been clearly studied. In this study, 
we evaluated the biochemical and overall expression profile 
to determine if  AGR, LR, and AGR + LR exerted effects 
on hepatic injury induced by CCl4 treatment.

In order to investigate the protective effects of  the herbal 
medicines, we performed CCl4‑induced hepatic injury 
in rats. CCl4 is frequently used to induce liver fibrosis 
in experiment. It is known that liver damage caused 
by CCl4 may be due to the free radical formed during 
metabolism of  CCl4 in the liver.[7,17] Furthermore, in our 
previous study, lipid peroxidation was greatly increased 
in liver by the treatment with CCl4.

[18,19] As depicted in 
Figures  2‑4, CCl4 administration induced significant 
hepatic injury shown dramatic elevation in serum levels 
of  AST and ALT. These results indicate that the effect 
of  AGR + LR on AST mainly induced by AGR, but the 
effect of  AGR  +  LR on ALT mainly induced by LR. 
Hence, we can presume that there are possibilities of  
having different action mechanisms of  AGR and LR on 
hepatoprotective effects. Hepatic tissue level of  MDA also 
supports the occurrence of  acute hepatic injury. This was 
also confirmed by conducting histological examination as 
showing the typical inflammatory features, centrilobular 
necrosis, whereas, pretreatment with the AFR treatment 
significantly attenuated the hepatotoxicity induced by CCl4.

As shown in Figure 5, treatment with CCl4 induced various 
molecular responses in rat liver tissue. The functional 
annotation of  altered genes reveals that the CCl4 may be 
related with impairment of  many biological functions in 
the liver [Table 2]. Recent studies on expression profile 
also reported various functional changes, especially lipid 
metabolism and transport pathway in rat liver injured 
by CCl4.

[20,21] Up‑or down‑regulated genes by CCl4 were 
restored to the normal level by the pretreatment with 
herbal medicines. All treatment conditions including 
AGR, LR, and AGR + LR were effective to recover the 
up‑or down‑regulated genes by CCl4 to the normal level. 
Especially, AGR + LR administration shows the most 
prominent effect on restoring altered genes to the normal 
level for both up‑ and down‑regulated genes [Figure 5]. 
This result supports biochemical data depicted above in 
which AGR + LR administration significantly reduced 
hepatic injury and lipid peroxidation level compared 
with AGR only or sole treatment of  LR. The recovery 
rate even increased to 100% by co‑treatment of  AGR 
and LR when measured using a subset of  genes that 
represented core nodes of  interactions with many 
other proteins  [Figure  7]. But the restoration of  the 

expression level in response to co‑treatment does not 
mean the recovery of  liver function itself. The variability 
in the recovery rate among measured biochemical 
parameters such as AST, ALT  [Figure  2], and lipid 
peroxidation  [Figure  3] indicates that this rate should 
be determined based on a combination of  results, not 
on only one parameter. In addition, many genes were 
newly up‑or down‑regulated in rat liver by treatment 
with the herbal medicines. These newly expressed genes 
seem to play critical roles in response to hepatic injury; 
therefore, it is necessary to identify the functions of  these 
newly regulated genes to elucidate the precise molecular 
mechanism by which Korean traditional herbal medicines 
can reduce hepatic injury induced by CCl4. When we 
take the biochemistry data and gene expression profile 
together, the three kinds of  herbal extracts showed 
moderate effects on hepatic injury in biochemical 
analysis, on the other hand, gene expressions dramatically 
restored by the herbal extracts. It means that gene 
expression recovery can be considered as supplementary 
data for clinical evaluation, but not as the main.

A vulnerability of  this study is inaccuracy of  dosage of  
each extract on individual rats. We tried not to give physical 
stress to experimental animals, so we administered the 
extracts via drinking water. Nevertheless, the three kinds 
of  extracts showed beneficial effects on hepatic injury. 
The hepatoprotective effect was greater when AGR and 
LR were administered together, and AGR was thought to 
have more dominant effect.

CONCLUSIONS

This is the first report of  the comparative study of  
protective effects of  AGR, LR, and AGR + LR against CCl4 
induced hepatic injury in rats. The effects measured with 
biochemical assays are dependent on its ability of  AGR, 
and the efficacy may have a correlation with components 
of  AGR. The high recovery rate we obtained using the core 
node genes does not indicate the recovery of  liver injury 
itself  but suggests that these genes play significant roles 
in response to liver injury induced by CCl4. Furthermore, 
our study revealed that the co‑treatment of  AGR and LR 
was more effective to reduce liver injury induced by CCl4 
at molecular level than only single treatment condition.
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