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The inhibitory effects of Asparagus cochinchinensis against inflammatory response induced by lipopoly­
saccharide (LPS), substance P and phthalic anhydride (PA) treatment were recently reported for some cell 
lines and animal models. To evaluate the hepatotoxicity and nephrotoxicity of A. cochinchinensis toward 
the livers and kidneys of ICR mice, alterations in related markers including body weight, organ weight, 
urine composition, liver pathology and kidney pathology were analyzed in male and female ICR mice 
after oral administration of 150, 300 and 600 mg/kg body weight/day saponin-enriched extract of A. 
cochinchinensis (SEAC) for 14 days. The saponin, total flavonoid and total phenol levels were found to be 
57.2,88.5 and 102.1 mg/g in SEAC, respectively, and the scavenging activity of SEAC gradually increased 
in a dose-dependent manner. Moreover, body and organ weight, clinical phenotypes, urine parameters 
and mice mortality did not differ between the vehicle and SEAC treated group. Furthermore, no 
significant alterations were measured in alkaline phosphatase (ALP), alanine aminotransferase (All), 
aspartate aminotransferase (AST), lactate dehydrogenase (LDH), blood urea nitrogen (BUN) and the 
serum creatinine (Cr) in the SEAC treated group relative to the vehicle treated group. Moreover, the 
specific pathological features induced by most toxic compounds were not observed upon liver and kidney 
histological analysis. Overall, the results of the present study suggest that SEAC does not induce any 
specific toxicity in the livers and kidneys of male and female ICR mice at doses of 600 mg/kg body 
weight/day. 
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A. cochinchinensis is a perennial herb belonging to the 
Liliaceae family that is widely distributed in China, Japan 

and Korea, and has long been considered a therapeutic 

drug because of its anti-inflammatory, diuretic, antiseptic, 
antitussive, antibacterial, nervine, sialogogue, antipyretic 
and stomachic effects. A. cochinchinensis is also administered 
in combination with other herbs as a medicine to treat 
lung disease, immune system-associated diseases and 
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aging [1,2]. 
Among various therapeutic activities, the anti­

inflammatory activity of the extract of A. cochinchinensis 
roots had been investigated in previous studies to generate 
scientific evidence and found to significantly inhibit 
production of pro-inflammatory cytokines and tumor 
necrosis factor (TNF)-a in lipopolysaccharide (LPS)­
and substance P-stimulated mouse astrocytes [3]. 
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Moreover, the nitric oxide (NO) concentration decreased

in response to compounds 2, 3 and 4 from the ethanol

extract of A. cochinchinensis roots in LPS-stimulated

BV-2 microglial cells. These compounds also greatly

decreased indicators of skin inflammation progression

including the degree of ectopic edema, ear thickness,

cytokine secretion and myeloperoxidase (MPO) activity

in a skin inflammation model induced with 12-O-

tetradecanoyl-phorbol-13-acetate (TPA) [4]. Furthermore,

the aqueous extract of A. cochinchinensis suppressed

TNF-α-induced cytotoxicity of HepG2 cells [5], enhanced

superoxide dismutase (SOD) activity and the spleen

index, and decreased the level of malondialdehyde (MDA)

in mice [1]. Moreover, saponin-enriched extract of A.

cochinchinensis (SEAC, ethyl acetate extrect) successfully

suppressed skin inflammation of IL-4/Luc/CNS-1

transgenic mice induced by phthalic anhydride (PA)

treatment [6]. Overall, the results of the aforementioned

studies suggest that SEAC can be considered a potential

drug for inflammation related diseases in humans.

However, its toxicity toward specific organs of mice has

not been investigated to date, despite the increased

attention and publications regarding the therapeutic

effects of SEAC.

In this study, we investigated SEAC toxicity in the

livers and kidneys of male and female ICR mice

following short-term treatment. The results indicate that

there is a scientific basis for determining the optimal

concentration of SEAC as a therapeutic drug for the

treatment of human chronic diseases.

Materials and Methods

Preparation of SEAC

The roots of A. cochinchinensis used in this study were

obtained from Gochang National Agricultural Cooperation

Federation in Korea and dried in a drying machine

(FD5510S and FD5520S, Ilshinbiobase Co., Dongducheon,

Korea) at 60
o

C. Voucher specimens of A. cochinchinensis

roots (WPC-14-003) were deposited in the functional

materials bank of the Wellbeing RIS Center at Pusan

National University. Dried roots were reduced to powder

using a pulverizer (MF-3100S, Hanil Electric Co., Seoul,

Korea), after which SEAC was obtained at 50
o

C for 24 h

in a 1:10 fixed liquor ratio of solid powder of A.

cochinchinensis to ethyl acetate solvent ratio using

circulating extraction equipment (SHWB-30/45, Woori

Science Instrument Co., Pocheon, Korea). These solutions

were subsequently passed through a 0.4 μm filter, after

which they were concentrated by vacuum evaporation

and lyophilization using circulating extraction equipment

(IKA Labortechnik, Staufen, Germany) (Figure 1A).

Finally, the collected SEAC powder was dissolved in

0.5% Tween 20 Solution (in dH
2
O) to 600 mg/kg, then

further diluted to the required concentration.

Determination of total saponins, phenolic compounds

and flavonoids

Total phenolic contents in SEAC were determined using

the Folin-Ciocalteu method as previously described [7].

Briefly, a mixture of SEAC solution (1 mL) and Folin-

Ciocalteu reagent (5 mL, Sigma-Aldrich Co., St. Louis, MO,

USA) was incubated at room temperature for 5 min. This

mixture was subsequently added to 15 mL of 20%

Na
2

CO
3

 and vortexed for 30 sec, after which the

absorbance was repeatedly measured at 765 nm using a

Versa-max plate reader (Molecular Devices, Sunnyvale,

CA, USA). A standard calibration curve was then made

using different concentrations of gallic acid (Sigma-

Aldrich Co.), and the concentration of total phenolic

contents in SEAC was presented as gallic acid

equivalent (mg) of extract.

The flavonoid contents in SEAC were measured as

previously described [8]. Briefly, 200 μL of several

different concentrations of SEAC were mixed with

60 μL of 5% NaNO
2

 (Sigma-Aldrich Co.) and 60 μL of

10% AlCl
3

 (Sigma-Aldrich Co.). Following incubation

at 25
o

C, the absorbance was measured using a Versa-max

plate reader (Molecular Devices). A standard calibration

curve was then made using different concentrations of

catechin (Sigma-Aldrich Co.). The flavonoid contents in

SEAC are presented as catechin equivalents (mg) of

extract.

Finally, the total saponins content was determined

using the Helaly method as previously described [9].

Briefly, extract of n-butanol was redissolved in 0.5 mL

of 80% MeOH, then mixed with 0.5 mL of 8% vanillin

in ethanol and 5 mL of 72% H
2

SO
4

 in water. Next, these

mixtures were placed in a 60
o

C water bath for 20 min,

then cooled at 0
o

C for 5 min, after which the absorbance

was measured at 544 nm using a Versa-max plate reader

(Molecular Devices). The saponin content was calculated

from a calibration curve constructed using purified saponin

standard (Sigma-Aldrich Co.).
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Free radical scavenging activity

The scavenging activity of 2,2-diphenyl-1-picrylhydrazyl

(DPPH) radical was measured as previously described

[10]. Briefly, each 100 μL sample in eleven different

concentrations of SEAC (0-2,000 μg/mL) was mixed

with 100 μL DPPH (0.1 mM; Sigma-Aldrich Co.) in

95% ethanol solution or 100 μL 95% ethanol solution,

then incubated for 30 min at room temperature. The

absorbance of the reaction mixture was subsequently

measured at 517 nm using a VersaMax plate reader

(Molecular Devices). The DPPH radical scavenging

activity of the SEAC was expressed as the percent

decrease in absorbance relative to the control. The half

maximal inhibitory concentration (IC
50

) was defined as

the concentration of substrate that causes a 50% loss in

DPPH activity.

Design of animal experiment

The animal protocol used for this experiment was

reviewed and approved by the Pusan National University-

Institutional Animal Care and Use Committee (PNU-

IACUC; Approval Number PNU-2015-0779). All mice

were handled in the Pusan National University-Laboratory

Animal Resources Center, which is accredited by the

Korea Food and Drug Administration (KFDA, Accredited

Unit Number-000231) and AAALAC International

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

female and male ICR mice were purchased from

Samtako Bio Korea (Osan, Korea) and provided with ad

libitum access to a standard irradiated chow diet

(Samtako Bio Korea) consisting of moisture (12.5%),

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

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

phosphorus (0.99%) and water throughout the feeding

study. Before starting the animal experiment, the mice

were given at least 1 week to adapt to the experimental

environment. During the experiment, mice were

maintained in a specific pathogen-free state under a strict

light cycle (lights on at 08:00 hr and off at 20:00 hr) at

23±2
o

C and 50±10% relative humidity.

ICR mice (n=40) were assigned to one of the

following four groups: vehicle treated group (n=10), low

dosage SEAC treated group (SEACL, n=10), middle

dosage SEAC treated group (SEACM, n=10), high

dosage SEAC treated group (SEACH, n=10). As a

control, one group of ICR mice received an equivalent

volume of water via gavage daily (vehicle treated group),

whereas the other groups received 150 mg (SEACL),

300 mg (SEACM) and 600 mg (SEACH)/kg body

weight/day of SEAC via oral gavage. The administration

period for the toxicity test was based on the Guideline

for Drug Toxicity published by the Korea Food and

Drug Administration. After SEAC treatment for 14 days,

all mice were immediately sacrificed using CO
2

 gas,

after which urine, serum and tissue samples were prepared.

Measurement of body weight and organ weights, and

observation of pathological signs

Several pathological signs including dead and abnormal

behaviors 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.

The weights of eight organs (brain, ovary (or testis),

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

from the sacrificed mice were determined using the same

method employed to detect the body weight.

Urine analysis

All mice were sacrificed using CO
2
 gas at 24 h after

the final administration, at which time urine was collected

from their bladders and assayed for bilirubin, urobilinogen,

ketones, protein, pH, specific gravity and leucocytes

using an URiSCAN optima II urine analyzer (Yeongdong

Electronics Co., Ltd., Yongin, Korea). All assays were

conducted in duplicate using fresh urine.

Serum biochemical analysis

After fasting for 8 h, whole blood from each mouse in

all groups was collected from their abdominal veins and

incubated for 30 min at room temperature in a serum

separating tube (BD Container, Franklin Lakes, NJ,

USA). Serum was then obtained by centrifugation at

1,500×g and analyzed for alkaline phosphatase (ALP),

alanine aminotransferase (ALT), aspartate aminotransferase

(AST), lactate dehydrogenase (LDH), blood urea nitrogen

(BUN) and creatinine (Cr) using an automatic biochemical

analyzer (BS-120, Mindray, China). All assays were

conducted in duplicate using fresh serum.

Histological analysis

Liver and kidney tissues were dissected from mice and

fixed in 4% neutral buffered formaldehyde (pH 6.8)

overnight, after which each liver was dehydrated and

embedded in paraffin wax. Next, a series of liver sections

(4 μm) was cut from paraffin-embedded tissue using a
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Leica microtome (Leica Microsystems, Wetzlar, Germany).

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 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).

Statistical analysis

Significant differences between vehicle and SEAC

treated ICR mice 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 means±standard deviation

(SD) and a p<0.05 was considered significant.

Results

Biochemical properties of SEAC

The main components of SEAC were analyzed to verify

their biochemical properties. Among these compounds,

crudal saponins was found to be present in the greatest

abundance (57.2 mg/g), while the levels of flavonoid and

polyphenol were 88.5 and 102.1 μg/g, respectively

(Figure 1). To investigate the inhibitory activity of

SEAC against oxidative stress, the scavenging activity of

SEAC against DPPH radicals was measured. The

scavenging activity was gradually increased in a dose-

dependent manner and the IC
50

 value was 835.90 μg/mL

(Figure 1C). Therefore, the present results suggest that

SEAC contain various compounds with high anti-

oxidant activity.

Clinical phenotypes and mortality of SEAC treated ICR

mice

To investigate whether SEAC administration affects

phenotypic toxicity, the clinical phenotypes and mortality

were observed in male and female ICR mice for 14 days.

No mice treated with any of the investigated concentrations

of SEAC showed significant pathological symptoms

including body weight loss, hypokinesia, melancholy,

gait abnormality and tremors. No significant differences

in body weight were observed between the vehicle and

SEAC treated group throughout the 14 day experimental

period, although the male group was higher than female

group (Table 1). Moreover, dead mice were not observed

in the SEAC treated group throughout the experimental

period. These results show that SEAC does not induce

any significant pathological symptoms or mortality and

thus the minimum lethal dose (MLD) is higher than 600

mg/kg of SEAC.

Alteration of organ weights and urine parameters in

SEAC treated ICR mice

To investigate the effects of SEAC administration on

the weights of organs and urine composition of animals,

the weights of eight organs and seven urine factors were

measured in male and female ICR mice treated with

SEAC. No significant differences in the weights of any

of the organs were observed between the vehicle and

SEAC treated groups (Table 1). Moreover, the SEAC

treated ICR mice showed no morphological changes in

the brain, ovary (or testis), kidney, spleen, liver, thymus,

heart and lungs when compared to the vehicle treated

group. Finally, similar levels of urine parameters (bilirubin,

urobilinogen, leucocytes, protein, pH, specific gravity

and ketones) were measured in the vehicle and SEAC

treated group (Table 2). These results suggest that SEAC

treatment for 14 days does not induce any toxicity

toward organ weights or urine parameters in male and

female ICR mice.

Effects of SEAC on hepatotoxicity of male and female

ICR mice

To investigate whether SEAC treatment for 14 days

induced hepatotoxicity in ICR mice, alteration of several

enzymes related to liver metabolism were measured in

the serum of male and female ICR mice treated with

SEAC. No significant differences in liver toxicity indicators

such as ALP, AST, ALP and LDH were observed

between the vehicle and SEAC treated group (Table 3).

Furthermore, we investigated whether the lack of

alterations of toxicity indicators in serum could completely

reflect the histopathological structure of liver tissue. To

achieve this, liver sections were stained with H&E and

observed microscopically. There were no significant

pathological changes such as inflammation, necrosis,

apoptosis, or fibrosis observed in the liver tissue of

SEAC treated groups. Moreover, the histological structure

was very similar to that of the vehicle treated male and

female ICR mice (Figure 2). Therefore, these results

suggest that SEAC administration does not induce

hepatotoxicity in the liver of male and female ICR mice.
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Figure 1. Schematic procedure of sample preparation and antioxidant properties of SEAC. (A) SEAC was obtained from the roots 
of A. cochinchinensis using ethyl acetate solution under the conditions described in the Materials and methods. (8) Components of 
SEAC. Total saponins, flavonoids and polyphenols were analyzed in several doses of SEAC. (C) Free radical scavenging activity of 
SEAC. DPPH radical scavenging activity was assayed in a mixture containing 0.1 mM DPPH and a range of concentrations of 
SEAC (0-2,000 ~lg/mL). DPPH, 2,2-diphenyl-1-picrylhydrazyl radical; IC5o , half maximum inhibitory concentration. Values are 
presented as the means±SD of three replicates. 

Effects of SEAC on nephrotoxicity of male and female group without any significant alteration (Table 3). In 
ICR mice addition, no specific pathological symptoms including 

Finally, the nephrotoxicity against the treatment of degeneration and necrosis of the glomerulus and renal 
SEAC was investigated in male and female ICR mice tubes were observed in the kidney tissue of any SEAC 
using serum biochemical and histological analyses ofthe treated groups (Figure 3). Taken together, these results 
kidney. BUN and Cr were maintained at constant levels suggest that SEAC treatment for 14 days does not induce 
between the vehicle treated group and the SEAC treated nephrotoxicity in male or female ICR mice. 
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Discussion

There are still many issues 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 [11], although natural

products have long been contributed as a source of leads

Table 1. Alteration of body and organ weights of female and male ICR mice treated with saponin-enriched extract of A.

cochinchinensis (SEAC) for 14 days

Male

Category Vehicle SEACL SEACM SEACH

Body weight (g) 035.7±1.030 035.8±1.327 036.8±2.804 036.7±0.927

Testis (g) 0.201±0.030 0.226±0.028 0.241±0.010 0.232±0.013

Kidney (g) 0.545±0.064 0.557±0.074 0.581±0.026 000.6±0.018

Spleen (g) 0.125±0.010 0.131±0.013 0.147±0.018 0.148±0.008

Liver (g) 1.905±0.112 2.043±0.257 2.173±0.296 2.094±0.164

Thymus (g) 0.038±0.007 0.043±0.006 0.049±0.008 0.046±0.006

Heart (g) 00.19±0.016 0.188±0.020 0.209±0.032 0.203±0.012

Lung (g) 0.217±0.010 0.215±0.013 0.230±0.014 0.236±0.003

Female

Category Vehicle SEACL SEACM SEACH

Body weight (g) 029.8±0.678 030.9±1.428 030.6±1.855 029.2±1.122

Ovary (g) 0.033±0.008 0.031±0.005 0.028±0.004 0.026±0.005

Kidney (g) 0.311±0.009 0.333±0.011 0.338±0.019 0.337±0.019

Spleen (g) 0.130±0.009 0.145±0.008 0.147±0.022 0.137±0.005

Liver (g) 01.44±0.277 1.585±0.074 1.405±0.109 1.534±0.136

Thymus (g) 0.084±0.013 0.092±0.022 0.062±0.009 0.076±0.012

Heart (g) 0.132±0.007 0.134±0.006 0.139±0.013 0.134±0.018

Lung (g) 00.27±0.012 0.283±0.024 0.262±0.014 0.241±0.011

Brain (g) 0.506±0.031 00.51±0.014 0.519±0.010 0.515±0.020

The data shown represent the means±SD of three replicates.

Table 2. Alteration on the urine parameters in male and female ICR mice after saponin-enriched extract of A. cochinchinensis

(SEAC) treatment

Male

Category Vehicle SEACL SEACM SEACH

Bilirubin (μmol/L) 10.60±3.200 10.60±3.200 12.20±3.920 13.00±4.000

Urobilinogen (μmol/L) 36.00±24.49 31.98±11.45 33.00±8.000 36.00±24.49

Leucocytes (WBC/μL) 43.75±24.21 47.22±24.85 44.29±27.05 37.50±21.65

Protein (g/L) 3.60±3.32 5.00±4.15 4.60±4.41 3.20±3.49

pH 7.60±0.20 7.30±0.24 7.10±037 7.30±0.24

Specific gravity 1.02±0.00 1.03±0.00 1.02±0.01 1.03±0.00

Ketones (mg/dL) 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00

Female

Category Vehicle SEACL SEACM SEACH

Bilirubin (μmol/L) 11.67±3.770 11.67±3.770 9.00±0.00 10.00±3.770

Urobilinogen (μmol/L) 32.67±23.57 49.33±23.57 41.00±25.00 40.00±22.00

Leucocytes (WBC/μL) 58.33±23.57 62.50±21.65 44.29±27.05 54.29±22.05

Protein (g/L) 1.00±0.00 0.83±0.30 1.67±0.94 3.20±0.30

pH 8.00±0.00 8.00±0.00 7.38±0.48 7.30±0.24

Specific gravity 1.02±0.00 1.02±0.00 1.02±0.01 1.02±0.02

Ketones (mg/dL) 1.00±0.00 0.75±0.25 0.94±0.17 0.86±0.25

The data shown represent the means±SD of three replicates.
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Figure 2. Effects of SEAC on liver toxicity in ICR mice. Liver tissues of male and female ICR mice were stained with H&E and

histological structure was viewed at 400× magnification.

Table 3. Alteration on the serum parameters in male and female ICR mice after saponin-enriched extract of A. cochinchinensis

(SEAC) treatment

Male

Category Vehicle SEACL SEACM SEACH

ALT (U/L) 31.20±3.190 31.40±3.830 28.25±4.150 38.67±5.250

AST (U/L) 77.60±7.960 74.60±7.580 64.00±11.70 76.50±9.860

ALP (U/L) 74.80±12.73 87.00±17.76 90.67±15.41 78.75±16.98

LDH (U/L) 832.97±76.070 741.35±80.000 858.67±225.37 878.55±99.450

BUN (mg/dL) 26.40±4.570 26.37±5.110 29.41±3.060 28.34±4.730

Cr (mg/dL) 0.28±0.10 0.28±0.04 0.22±0.07 0.20±0.00

Female

Category Vehicle SEACL SEACM SEACH

ALT (U/L) 31.60±7.960 28.00±2.550 28.00±2.100 28.80±3.660

AST (U/L) 88.60±9.200 80.75±10.62 78.80±6.140 81.6±8.01

ALP (U/L) 117.25±23.970 100.00±2.8300 100.60±17.430 108.40±22.810

LDH (U/L) 1.23±0.39 0.87±0.31 0.81±0.17 0.81±0.34

BUN (mg/dL) 31.08±4.230 27.33±2.700 28.40±1.880 28.46±2.800

Cr (mg/dL) 0.37±0.05 0.30±0.00 0.34±0.08 0.36±0.08

The data shown represent the means±SD of three replicates.
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during the development of therapeutic drugs available

for the treatment of human diseases [12,13]. It is very

important to consider toxicological problems when

developing novel drugs for treatment of human disease

and to extend the therapeutic potential of conventional

drugs [14]. In this study, we investigated the hepato-

toxicity and nephrotoxicity of SEAC in ICR mice after

short term administration to verify the possibility of

using SEAC for clinical study because therapeutic

effects of SEAC have been reported in inflammatory

disease. The results presented here are the first to

demonstrate that treatment with SEAC did not induce

Figure 3. Effects of SEAC on the kidney toxicity in ICR mice. Kidney tissues of male (A) and female (B) ICR mice were stained with

H&E, and histological structure was viewed at 400× magnification.
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significant toxicity against the livers and kidneys of male

and female ICR mice at less than 600 mg/kg body

weight.

Saponins are well known secondary metabolites of

glycosidic nature that are abundantly distributed in

higher plants, as well as some animal sources [15,16].

These compounds show varying ranges of pharmacological

and biological activities such as anti-inflammatory,

expectorant, vasoprotective, hypocholesterolemic, immuno-

modulatory, hypoglycemic, molluscicidal, anti-fungial,

anti-parasitic and many others activities, while they also

used for adjuvant production [17-19]. Despite their

beneficial effects against clinical diseases, several studies

have reported toxicity of saponin mixtures and saponin-

enriched extracts. The oral administration (100 and 200

mg/kg) of water extract of saponins from Argania

spinose for 3 months induced increased blood Cr levels

and renal pathology without other pathological alterations

[20]. However, treatment with a saponin mixture isolated

from Schefflera leucantha Viguier resulted in no significant

differences in the histopathological structure of a control

group and treated group, although BUN, Cr, AST, ALT

and ALP levels were slightly increased in the group

treated with the saponin mixture [21]. Furthermore,

lambs treated with saponin-containing Yucca schidigera

Roetzl juice (63 and 126 mg saponin/kg) showed acute

tubular necrosis, dehydration and watery content in the

gastrointestinal tract, as well as increased serum Cr and

urea levels [22]. A 13 week subchronic toxicity study

revealed that the lowest-observed-adverse-effect level

(LOAEL) of saponin-rich and isoflavones-containing

soybean extract was 707.2 and 751.8 mg/kg body weight/

day, respectively [23]. In the present study, we investigated

the hepato-toxicity and nephrotoxicity of ICR mice

treated with 150 (8.5 mg/kg of saponin), 300 (17 mg/kg

of saponin) and 600 mg/kg (34 mg/kg of saponin) of

SEAC. No significant toxicity was detected based on the

body or organ weight, urine parameters, serum parameters

or histological structure. These differences may have

occurred because the concentration of saponins administered

to animals was higher in most of the studies referenced

above (>63 mg) than in the present study (34 mg).

The liver is well known as a primary target responsible

for metabolism of various compounds including natural

products, chemicals, drugs and alcohol, food additives

and pesticides [24]. Some toxicity markers including the

degree of steatosis, lobular inflammation, hepatocellular

ballooning, and fibrosis can be detected during evaluation

of liver toxicity caused by various compounds [25].

Among these, alterations in the levels of ALT, AST, ALP

and LDH have been widely applied to measure liver

toxicity [26-30]. Following treatment with saponin mixture

isolated from Schefflera leucantha Viguier, the level of

AST, ALT and ALP increased [21]. However, the AST

levels were slightly decreased in male rats treated with

2.5 and 5% of saponin-enriched and isoflavones-

containing soybean extract, while ALT and ALP were

maintained at constant levels [23]. Our results were very

similar to those of a study in which animals were treated

with soybean extract, although there are a few difference

in the AST level.

In toxicological studies, the kidney is commonly

considered an indicator organ for toxicity [31]. Generally,

kidney dysfunction is caused by cellular damage induced

by metabolites of the toxic chemicals that are excreted

from the kidneys [32], and the severity of such damage

is evaluated based on increases in red blood cells in the

glomerulus and tubule luminal diameter upon histological

analysis [33]. Other key markers for nephrotoxicity are

serum levels of BUN and Cr that were dramatically

increased in patients with renal trauma [34]. Therefore,

the above parameters have been widely applied to evaluate

kidney toxicity during preclinical and clinical experiments

[35]. Moreover, in previous studies, treatment with high

concentrations saponin and saponin mixtures induced

significant alterations in the kidney histological structure

and the level of serum markers [36]. Following saponin

administration (200 mg/kg), increased Cr levels and

deterioration of renal tubules were observed [20,37].

Moreover, the levels of BUN and Cr increased in groups

treated with saponin mixture isolated from S. leucantha

Viguier (1,000 mg/kg for 14 days), saponin-containing Y.

schidigera Roetzl juice (3,000 mg/kg for 21 days) and

saponin rich soybean extract (5% of diet for 13 weeks)

[21-23]. In the present study, no significant alterations in

kidney weights or histopathological structure were detected

throughout the experiment. Additionally, the levels of

BUN and Cr remained constant in the serum of ICR

mice treated with SEAC for 7 days. Our results differ

from those of previous studies showing kidney toxicity

of saponin related mixtures. These difference can be

caused by differences in the dose of saponin containing

mixtures applied to animals.

Taken together, the results of the present study suggest

that SEAC with high antioxidant activity has no toxic

effects on liver and kidney tissues of male and female ICR
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mice. Furthermore, these findings provide vital information 

regarding the development of SEAC as a therapeutic 

drug for the treatment of various inflammatory diseases. 
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