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Hepatotoxicity and nephrotoxicity of gallotannin-enriched extract 
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To evaluate the hepatotoxicity and nephrotoxicity of Galla Rhois (GR) toward the liver and kidney of ICR
mice, alterations in related markers including body weight, organ weight, urine composition, liver
pathology and kidney pathology were analyzed after oral administration of 250, 500 and 1,000 mg/kg
body weight/day of gallotannin-enriched extract of GR (GEGR) for 14 days. GEGR contained 68.7±2.5% of
gallotannin, 25.3±0.9% of gallic acid and 4.4±0.1% of methyl gallate. Also, the level of malondialdehyde
(MDA), a marker of lipid peroxidation, was decreased with 19% in the serum of high dose GEGR (HGEGR)-
treated mice. The body and organ weight, clinical phenotypes, urine parameters and mice mortality did
not differ among GEGR-treated groups and the vehicle-treated group. Furthermore, no significant increase
was observed in alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase
(AST), lactate dehydrogenase (LDH), blood urea nitrogen (BUN) and the serum creatinine (Cr) in the
GEGR-treated group relative to the vehicle- treated group. Moreover, the specific pathological features
induced by most toxic compounds such as CCl

4
 were not observed upon liver and kidney histological

analysis. Overall, the results of the present study suggest that GEGR does not induce any specific toxicity
in liver and kidney organs of ICR at doses of 1,000 mg/kg body weight/day, indicating that this is no
observed adverse effect level (NOAEL).
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Galla Rhois (GR) is a type of excrescence formed by

parasitic aphids, primarily Schlechtendalia chinensis

Bell, on the leaf of sumac, Rhus javanica L. (Anacardiaceae)

[1,2]. The extract of GR contains several compounds

including methyl gallate, 3-galloyl-gallic acid, 4-galloyl-

gallic acid isomers, 1,2,3,4,6-penta-O-galloyl-β-D-glucose,

gallic acid methyl ester and gallic acid [3]. In traditional

Korean medicine, GR has long been used for treatment

of various diseases including diarrhea, seminal emissions,

excessive sweating, bleeding and chronic cough, although

there is little scientific evidence supporting these

pharmacological effects [4-6]. However, several studies

have provided some clues for the therapeutic effects of

GR against various human diseases and their mechanisms.

Several compounds and extracts purified from GR showed

good antibacterial activity against many pathogenic

bacteria strains, including Salmonella spp., Escherichia

coli, Eimeria tenella, Brucella abortus, Staphylococcus

aurous and Clostridium perfringens [7-10]. Methyl

gallate and ethyl gallate isolated from GR were also

found to exert significant anti-inflammatory activity in

lipopolysaccharide (LPS)-stimulated RAW264.7 macro-

phages via the induction of heme oxygenase 1 and

suppression of iNOS/COX-2 [11,12]. Moreover, galloyl
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glucose (GG6-10) isolated from GR inhibited the invasion

of metastatic HT-1080 cells into a reconstituted basement

membrane via inhibition of the gelationolysis mediated

by MMP-2 and -9, while ellagic acid extracted from GR

showed anticancer activity against nasopharyngeal

carcinoma cells via down-regulated expression of COX-

2 and stathmin [13,14]. Furthermore, oral administration

of GR 85% methanol extract reduced brain infarct

volume by 37.5% and lipid peroxidation in middle

cerebral artery occlusion, while also improving sensory

motor function in a transient focal cerebral ischemia rat

model [15]. Moreover, tacrine, nitrofurantoin and tert-

butyl hydroperoxide-induced hepatotoxicity in HepG2

cells was greatly retained by an equilibrium mixture of

3-galloyl-gallic acid, 4-galloyl-gallic acid isomers, and

1,2,3,4,6-penta-O-galloyl-β-D-glucose isolated from GR

[3,16]. Despite the increase in attention and publications

regarding the therapeutic effects of GR, its toxicity

toward specific organs of mice has not been investigated

to date.

Therefore, in this study, we investigated GEGR toxicity

in the liver and kidney of ICR mice following short-term

treatment. The results indicate that there is a scientific

basis for determining the optimal concentration of

GEGR as a therapeutic drug for the treatment of human

chronic diseases.

Materials and Methods

Preparation of GEGR

Briefly, samples of original GR were collected from

plantations in the Hongcheon area of Korea during

October of 2013 and dried in a hot-air drying machine

(JSR, Seoul, Korea) at 60oC for 24 h. Voucher specimens

of dried GR (WPC-14-001) were deposited in the

functional materials bank of the PNU-Wellbeing RIS

Center at Pusan National University. GEGR was prepared

using a modified version of previously described methods

[17]. Briefly, dried samples of GR were reduced to

powder using an electric blender, after which they were

extracted in water at 90oC for 9 h in a fixed liquor ratio

(solid GR powder/water ratio, 1:10) using circulating

extraction equipment (IKA Labortechnik, Staufen,

Germany). The extracts were subsequently filtered through

a 0.4 µm filter, after which they were concentrated by

vacuum evaporation and lyophilization using circulating

extraction equipment (IKA Labortechnik, Staufen,

Germany). Finally, the powder was dissolved in distilled

water (dH
2
O) to 1 mg/mL, then further diluted with

phosphate buffered saline (PBS) to the required

concentration.

Measurement of gallotanin, gallic acid and methyl

gallate concentration

To analyze the three main components in GEGR,

gallotannin (IUPAC name; 3,5-dihydroxy-2-(3,4,5-tri-

hydroxybenzoyl)oxy-6-[(3,4,5-trihydroxybenzoyl)oxymethyl]

oxan-4-yl] 3,4,5-trihydroxybenzoate, MW: 1701.20 g/

mol, Sigma-Aldrich Co., St. Louis, MO, USA), gallic

acid monohydrate (IUPAC name; 3,4,5-trihydroxybenzoic

acid, MW: 170.12 g/mol, Sigma-Aldrich, St. Louis, MO,

USA) and methyl gallate (IUPAC name; methyl 3,4,5-

trihydroxybenzoate, MW: 184.15 g/mol, Sigma-Aldrich)

were used as standard compounds. The wavelengths of

the maximum absorption of pure gallic acid, pure methyl

gallate, commercial gallotannin, and gallnut extract were

212/257, 214/268, 213/278 and 212/275 nm, respectively.

The UV-VIS spectra for pure gallic acid, pure methyl

gallate, pure gallotannin, and gallnut extract showed two

bands at 212-214 nm and 257-278 nm, which were both

assigned to the π→π* transitions of the given aromatic

units and C=O groups in the UV-VIS region (Albu et al.,

2009). Finally, the UV-Vis spectra were analyzed using

a curve-resolving technique based on linear least-squares

analysis to fit the combination of the Lorentzian and

Gaussian curve shapes.

Design of animal experiment

The animal protocol used in this study was reviewed

and approved by the Pusan National University-

Institutional Animal Care and Use Committee (PNU-

IACUC; Approval Number PNU-2014-0746). All ICR

mice were handled in the Pusan National University-

Laboratory Animal Resources Center, which is accredited

by the Korea Food and Drug Administration (FDA) in

accordance with the Laboratory Animal Act (Accredited

Unit Number-000231) and AAALAC International

according to the National Institutes of Health guidelines

(Accredited Unit Number; 001525). Eight-week-old

female ICR mice were purchased from Samtako (Osan,

Korea) and provided with ad libitum access to a standard

irradiated chow diet (Samtako) consisting of moisture

(12.5%), crude protein (25.43%), crude fat (6.06%),

crude fiber (3.9%), crude ash (5.31%), calcium (1.14%),

phosphorus (0.99%) and water throughout the feeding

study. During the experiment, these mice were maintained
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in a specific pathogen-free state under a strict light cycle

(lights on at 08:00 h and off at 20:00 h) at 23±2oC and

50±10% relative humidity.

Female ICR mice (n=28) were assigned to either a

vehicle-treated group (n=7), low dosage GEGR-treated

group (LGEGR, n=7), middle dosage GEGR-treated

group (MGEGR, n=7), or high dosage GEGR-treated

group (HGEGR, n=7). Additionally, one group of ICR

mice received an equivalent volume of water via gavage

daily (vehicle-treated group) as a control, whereas the

others groups received 250 mg/kg body weight/day of

GEGR (LGEGR), 500 mg/kg body weight/day of GEGR

(MGEGR), or 1,000 mg/kg body weight/day of GEGR

(HGEGR) via gavage for 14 days. The administration

period for the toxicity test was as described in the

Guideline for Drug Toxicity published by the Korea

Food and Drug Administration. After GEGR treatment

for 14 days, all mice were immediately sacrificed using

CO
2
 gas and urine, blood, liver and kidney samples were

prepared.

Measurement of body weight and organ weights

Clinical signs and the number of animals that died

were recorded more than twice a day for 14 days. In

addition, alterations in body weight were observed using

an electronic balance (Mettler Toledo, Greifensse,

Switzerland) every day according to the KFDA

guidelines. Finally, the weights of eight organs (brain,

ovary, kidney, spleen, liver, thymus, heart, and lung)

collected from the sacrificed ICR mice were determined

using the same method employed to detect the body

weight.

Urine analysis

Urine was collected from the bladders of sacrificed

mice and assayed for bilirubin, urobilinogen, ketones,

protein, pH, specific gravity and leucocytes using a

URiSCAN optima II urine analyzer (Yeongdong Electronics

Co., Ltd., Yongin, Korea). All assays were conducted in

triplicate using fresh urine.

Serum biochemical analysis

After fasting for 8 h, whole blood of each mouse in the

subset groups was collected from their abdominal veins

and incubated for 1 h at room temperature. Serum was

then obtained by centrifugation of blood and analyzed

for ALP, ALT, AST, LDH, BUN and CRE using an

Automatic Serum Analyzer (HITACHI 747, Tokyo,

Japan). All assays were conducted in triplicate using

fresh serum.

Determination of MDA levels

The MDA level was assayed using a Lipid Peroxidation

(MDA) Assay Kit (Cat. No. MAK085, Sigma-Aldrich

Co.) according to the manufacturer’s protocols. Briefly,

the sera from each mice was mixed with MDA Lysis

Buffer containing butylhydroxytoluene (BHT), after

which the homogenates were stored at −20oC until

analysis. The sample or standards and TBA solution

(70 mM thiobarbituric acid, 5.0 M glacial acetic acid)

were incubated in micro-centrifuge tube at 95oC for

60 min, then cooled to room temperature in an ice bath

for 10 min, after which the reaction absorbance at 450

nm was read using a Vmax ELISA reader (Molecular

Devices).

Histological analysis

Liver and kidney tissues dissected from mice and fixed

in 4% neutral buffered formaldehyde (pH 6.8) overnight,

after which each tissue was dehydrated and embedded in

paraffin. Next, a series of liver and kidney sections

(4 µm) was cut from paraffin-embedded tissue using a

Leica microtome (Leica Microsystems, Bannockburn,

IL, USA). These sections were then deparaffinized with

xylene, rehydrated with ethanol at a graded decreasing

concentration of 100-70%, and finally washed with

distilled water. The slides with liver and kidney sections

were stained with hematoxylin (Sigma-Aldrich Co.) and

eosin (Sigma-Aldrich Co.), then washed with dH
2
O,

after which pathological changes were measured using

the Leica Application Suite (Leica Microsystems,

Wetzlar, Germany).

Statistical analysis

Significant differences between the vehicle- and GEGR-

treated groups were identified by one-way analysis of

variance (ANOVA) using SPSS for Windows, Release

10.10, Standard Version (SPSS Inc., Chicago, IL, USA).

All values are reported as the mean±standard deviation

(SD) and a P value of <0.05 was considered as a

significance.

Results

Concentration of three functional components

As shown in Table 1, three functional compounds
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including gallotannin, gallic acid and methyl gallate

were analyzed in GEGR. Among these compounds,

gallotannin was found to be the highest level (68.7±

2.5%), followed by gallic acid (25.3±0.9%) and methyl

gallate (4.4±0.1%), respectively. Therefore, the results

indicate that GEGR may contain high levels of gallotanin

and gallic acid, but low levels of methyl gallate.

Inhibitory activity of GEGR against the oxidative stress

To investigate the inhibitory activity of GEGR against

the oxidative stress, MDA concentration was measured

in the serum of subset group. The concentration of MDA

was decreased as increasing concentration of GEGR,

although a significant decrease was detected in olny

HGEGR-treated group compared with vehicle-treated

group (Figure 1). Therefore, the present results suggest

that HGEGR treatment for 14 days can inhibit the lipid

peroxidation in the serum of ICR mice.

Effects of GEGR on pathological toxicity in ICR mice

To investigate whether GEGR treatment affects

phenotypical toxicity, the clinical phenotypes and

mortality were observed in ICR mice for 14 days. No

significant pathological symptoms (e.g., melancholy,

hypokinesia, gait abnormality and tremors) were detected

in any mice treated with three different concentrations of

GEGR. In addition, dead mice were not observed in the

same group. These results show that GEGR does not

induce any pathological symptoms or mortality and thus

the minimum lethal dose (MLD) is higher than 1,000

mg/kg of GEGR.

Effects of GEGR on the weights of body and organ and

urine biochemical parameters in ICR mice

To examine the effects of GEGR treatment on the

weights of body and organs and urine biochemical

composition of ICR mice, the weights of eight organs

and seven urine factors were measured. No significant

difference in body weight was observed between the

vehicle- and GEGR-treated group throughout the 14 day

experimental period (Data not shown). Moreover, no

significant differences in body and organ weight at day

14 were observed between vehicle- and GEGR-treated

groups (Table 2). Furthermore, no morphological changes

Table 1. Distribution of three functional components in GEGR

Items Gallotannin Gallic acid Methyl gallate

Ratio 68.7±2.5% 25.3±0.9% 4.4±0.1%

The data shown represent the means±SD of three replicates

Figure 1. MDA concentration in the serum of ICR mice treated
with GEGR. The level of MDA was determined in the serum
collected from the whole blood of ICR mice using a lipid
peroxidation assay kit. Also, this kit could detect MDA at 0.1
nmole/mg to 20 nmole nmole/mg. Three samples were assayed
in triplicate by MDA assay. Data are reported as the mean±SD.
a, P<0.05 compared to the vehicle-treated group.

Table 2. Alteration in the weights of body and organs of ICR mice treated with GEGR

Organs Vehicle LGEGR MGEGR HGEGR

Body weight (g) 27.79±1.190 27.36±1.840 26.67±1.250 26.71±1.600

Brain (g) 0.50±0.02 0.49±0.02 0.51±0.01 0.49±0.02

Ovary (mg) 17.56±11.12 20.43±6.230 18.65±3.980 20.49±2.040

Kidney (g) 0.33±0.02 0.33±0.04 0.31±0.03 0.31±0.02

Spleen (g) 0.11±0.01 0.10±0.03 0.11±0.01 0.10±0.01

Liver (g) 1.15±0.08 1.10±0.11 1.04±0.13 1.05±0.14

Thymus (g) 0.08±0.02 0.07±0.02 0.08±0.02 0.07±0.02

Heart (g) 0.13±0.02 0.12±0.01 0.13±0.01 0.11±0.01

Lung (g) 0.17±0.02 0.19±0.03 0.18±0.01 0.18±0.02

The data shown represent the means±SD of three replicates. Vehicle, vehicle-treated group; LGEGR, low dosage GEGR-treated
group; MGEGR, middle dosage GEGR-treated group; HGEGR, high dosage GEGR-treated group.
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in the brain, ovary, kidney, spleen, liver, thymus, heart,

and lungs were observed in any of the GEGR-treated

groups when compared to the vehicle-treated group

(Data not shown). Finally, the levels of urine parameters

including bilirubin, urobilinogen, protein, pH, specific

gravity and leucocytes in the GEGR-treated group were

very similar to those of the vehicle-treated group, although

the ketone level was slightly higher in the same group

(Table 3). These results indicate that GEGR treatment

for 14 days does not induce any toxicity toward body

weight, organ weights and urine parameters in ICR mice.

Effects of GEGR on hepatotoxicity of ICR mice

To investigate whether GEGR treatment for 14 days

induced hepatotoxicity in ICR mice, alteration of several

enzymes related to liver metabolism were measured in

the serum. There was no significant increase in liver

toxicity indicators such as ALP, AST, ALP and LDH in

the GEGR-treated group (Figure 2A). To confirm the

absence of toxicity, liver sections were stained with

H&E and observed microscopically. There were no

significant pathological changes such as inflammation,

necrosis, apoptosis, and fibrosis observed in the liver

tissue of vehicle- and GEGR-treated groups. Additionally,

its histological structure was very similar to that of the

vehicle treated group (Figure 2B). Therefore, these

results suggest that GEGR treatment does not induce

hepatotoxicity in the liver of ICR mice.

Effects of GEGR on nephrotoxicity of ICR mice

Finally, the nephrotoxicity of GEGR was investigated in

ICR mice using serum biochemical and histological

analyses. Serum biochemical analysis revealed no

significant alterations in BUN or CRE in the GEGR-

treated group relative to the vehicle-treated group (Figure

3A). Furthermore, histological analysis revealed that

specific pathological symptoms such as degeneration and

necrosis of the glomerulus and renal tubes were not

observed in any GEGR-treated groups (Figure 3B).

These results indicate that short-term GEGR treatment

does not induce nephrotoxicity in kidney tissue of ICR

mice.

Discussion

Natural products have long been considered as a

source of leads for the development of therapeutic drugs

available for the treatment of human diseases because

they serve as active principles in drugs and as templates

for the synthesis of new drugs [18,19]. However, there

are some problems that must be overcome to successfully

develop new drugs, including the large-scale procurement

of sufficient source materials for bulk production, the

potency and inherent toxicity of many natural products

and the development of suitable vehicles and dosing

schedules for the administration of new drugs to clinical

patients [20]. Among these problems, toxicity has long

been considered one of the most important issues during

preclinical investigations of natural products. In this

study, we investigated the hepatotoxicity and nephrotoxicity

of GEGR in ICR mice after short term administration.

The results demonstrated that treatment with GEGR did

not induce significant toxicity against the liver and

kidney of ICR mice at less than 1,000 mg/kg.

Lipid peroxidation is known as an indicator of

oxidative stress as well as a well-established mechanism

of cellular injury in cells and tissues of plants and

animals [21,22]. MDA is the most abundant lipid

peroxides and an important reactive carbonyl compounds

during lipid peroxidation [23]. A significant increase of

MDA levels has been associated with a variety of

chronic diseases including diabetes, cancer and Alzheimer’s

Table 3. Alteration in the urine biochemical parameters of ICR mice treated with GEGR

Parameter Vehicle LGEGR MGEGR HGEGR

Bilirubin (mg/dL) 0.20±0.274 0.25±0.289 0.25±0.354 0.33±0.224

Urobilinogen (mg/dL) 0.40±0.548 0.50±0.577 0.50±0.707 0.67±0.548

Leucocytes (WBC/µL) 50.00±28.860 46.25±33.760 53.33±37.530 41.67±27.390

Protein (mg/dL) 47.50±35.000 65.00±40.410 65.50±49.500 46.67±46.370

Ketones (mg/dL) 6.25±2.500 *8.33±2.887* 10.00±0.000*. .9.17±2.236*

pH 6.75±1.190 7.25±1.190 6.00±0.500 5.42±0.418

Specific gravity 1.03±0.003 1.03±0.003 1.03±0.003 1.03±0.003

*P<0.05 compared to the vehicle-treated group. The data shown represent the means±SD of three replicates. Vehicle, vehicle-treated
group; LGEGR, low dosage GEGR-treated group; MGEGR, middle dosage GEGR-treated group; HGEGR, high dosage GEGR-treated
group.
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disease in both humans and animal models [24-26].

Furthermore, this level was rapidly deceased after the

treatment of medical plants [27] and several natural

products including antioxidant compounds [28,29].

Especially, tannic acid, gallic acid, ellagic acid, and

propyl gallate could be effectively prevented the lipid

peroxidation induced by H
2
O

2
 in IMR-90 cells [30],

while gallic acid suppressed lipid peroxidation in sodium

fluoride (NaF)-induced oxidative stress of Wistar rats

[31]. In the present study, GEGR contained gallotannin,

gallic acid and methyl gallate suppressed the lipid

peroxidation in the serum of ICR mice. Therefore, our

Figure 2. Effects of GEGR on liver toxicity in ICR mice. (A) Serum was collected from the abdominal veins of ICR mice and the serum
concentrations of ALP, AST, ALT and LDH were then analyzed as described in the Materials and Methods. (B) Liver tissues were
stained with H&E and cellular morphology was viewed at 400× magnification. The data shown represent the means±SD of three
replicates. Vehicle, vehicle-treated group; LGEGR, low dosage GEGR-treated group; MGEGR, middle dosage GEGR-treated group;
HGEGR, high dosage GEGR-treated group. Arrow, hepatocytes; arrow head, Sinusoid.
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results provide addition evidence that tannin related

compounds could contribute to the prevention of lipid

peroxidation in animals system.

Ketone is known as metabolic end products of fatty

acid metabolism in the liver [32]. The concentration of

ketone in the urine can be affected with various abnormal

physical conditions although only small amount of ketone

are excreted during the normal condition. Especially, the

main reasons for abnormally large quantities of ketone

include abnormal food or nutrition intake, disorders of

increased metabolism, cute or severe illness, burns,

fever, hyperthyroidism, lactation and pregnancy [33,34].

In the present study, GEGR-treated group showed high

level of ketone concentration compared with vehicle-

treated group regardless of GEGR concentration. We

believe that the increase of ketone concentration in

GEGR-treated group is attributable to the administration

of abnoraml food and nutrition for 14 days.

Tannin, one of major components of GR, is naturally

distributed in the leaves, twigs, bark, wood and fruit of

many species of plants utilized for food component [35].

Although tannins have been shown to have low acute,

subchronic and chronic oral toxicities in animals studies,

humans consume large amounts of these compounds in

coffee, tea, wine, tobacco, catechu, pomegranates, legumes

and chocolate [36]. After oral administration of tannins

to rabbits, they were absorbed by the gastrointestinal

tract, metabolized and excreted within 24 hr [37]. Also,

tannins have been shown to exert low acute oral toxicity

when administrated to rats [38]. Although the oral LD
50

values of various tannins-contained sources including

Aleppo, tara, Chinese, Sililian sumac and Douglas fir

were found to range from 1,550 to 7,500 mg/kg [39], the

LD
50

 of tannins was found to be 2.26±0.083 g/kg bw

[38]. However, subchronic oral toxicity analysis revealed

no significant differences in body weight, food intake,

Figure 3. Effects of GEGR on the kidney toxicity in ICR mice. (A) Serum was collected from the abdominal veins of ICR mice and
serum concentrations of BUN and CRE were then analyzed as described in the Materials and Methods. (B) Kidney tissues were
stained with H&E, and cellular morphology was viewed at 400× magnification. The data shown represent the means±SD of three
replicates. Vehicle, vehicle-treated group; LGEGR, low dosage GEGR-treated group; MGEGR, middle dosage GEGR-treated group;
HGEGR, high dosage GEGR-treated group. Arrow, Distal convoluted tubules; arrow head, Proximal convoluted tubules; RC, Renal
corpuscle.
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liver and kidney weight or histopathology between male

and female rats administered 8, 80 or 800 mg/kg bw/day

of Aleppo or tara tannin for 12 weeks [40]. In the present

study, ICR mice administered three different concentrations

of GEGR (250, 500 and 1,000 mg/kg BW) for 14 days

showed no significant changes in pathological toxicity,

hepatotoxicity or nephrotoxicity. These findings are

similar to those of a previous study in which the toxicity

of extract containing tannins at 1,550 to 7,500 mg/kg

was investigated.

ICR mice were widely applied to various research

fields including toxicology, neurobiology, oncology,

infection, pharmacology and safety test because they

characterized by rapid growth, high productivity, docile

nature and low incidence of spontaneous tumor [41,42].

Especially, toxicity test for many natural products and

chemical compounds were conducted using ICR mice in

the previous studies [43-45]. Therefore, we selected ICR

mice to evaluate the toxicity of GEGR which was

considered as one of natural products. The present

results indicated that ICR mice could be successfully

applied to investigate the toxicity of GEGR.

Meanwhile, there is one report on the acute and

subchronic toxicity and safety pharmacology of GR

solution. Xiang et al. [46] showed that the LD
50

 of GR

solution was greater than 500 mg/kg/day and NOAEL of

GR solution was lesser than 1,500 mg/kg/day. Furthermore,

the safety pharmacology study indicated that GR

solution did not induce any side effects to SD rats in

respiratory system, cardiovascular system and central

nerve system. In our study, any significant toxicity on the

liver and kidney organs of ICR mice did not detected at

1,000 mg/kg/day of GEGR. These results are in agreement

with the previous report although the extraction method

and animals used were differenced.

The liver is the primary target responsible for metabolism

of chemicals, drugs alcohol, food additives, pesticides

and natural products [47]. During evaluation of liver

toxicity caused by various compounds, the degree of

steatosis, lobular inflammation, hepatocellular ballooning,

and fibrosis are often used as toxicity markers [48]. Liver

toxicity has also been evaluated based on alterations in the

levels of ALT, AST, ALP and LDH. Among these enzymes,

AST and ALT have been reported as noninvasive

methods of evaluating liver fibrosis and cirrhosis [49]

and used as diagnostic markers for identification of the

appearance of cirrhosis in patients infected by hepatitis

C virus [50]. Moreover, the level of ALP and LDH can

be used to diagnose the condition for liver disease [51].

ALP activity is enhanced by diseases that lead to

increased bile secretion, such as primary biliary cirrhosis

and extra- and intra-hepatic cholestasis [52]. Moreover,

LDH is present in almost all animal tissues and up-

regulated in response to cell damage [53]. In this study,

serum biochemical markers and histopathological indicators

reported in previous studies were used as indicators of

liver toxicity. The results indicate that they reflected no

toxicity in the liver of ICR mice treated with three

different doses of GEGR for 14 weeks.

The kidney is commonly considered a toxicity indicator;

therefore, it is often weighed and analyzed in toxicological

experiments [54]. Cellular damage can be caused kidney

dysfunction owing to metabolites of the toxic chemicals

that are excreted from the kidneys [55], and the degree

of kidney dysfunction is evaluated based on increases in

red blood cells in the glomerulus and tubule luminal

diameter upon histological analysis [56]. In addition, the

serum levels of BUN and CRE are considered key

markers of nephrotoxicity, and their levels increase

dramatically in patients with renal trauma [57]. Accordingly,

these parameters are commonly used to detect kidney

toxicity in preclinical and clinical studies, as well as

during routine clinical care [58]. In the present study, no

significant alterations in kidney weights or histological

changes were observed throughout the experiment.

Additionally, the levels of BUN and CRE in the serum

of ICR mice treated with GEGR for 14 weeks did not

differ.

Taken together, these results indicate that GEGR has

no toxic effects on liver and kidney tissues of ICR mice.

Furthermore, these findings provide vital information

regarding the development of GEGR as a therapeutic

drug for the treatment of various chronic diseases.
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