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Abstract

The aim of this study was to verify the beneficial hypolipidemic effect of commercial soya bean fermentation broth
with saponins (SFBS) in hamsters with hyperlipidemia induced by 0.2% cholesterol (high-fat [HF] diet). Male Golden
Syrian hamsters were randomly divided into two groups: control (standard diet, n=8) and experimental (HF diet,
n=32). After one-week acclimatization, all animals in the experimental group fed with the HF diet for 8 weeks. The 32
hyperlipidemic hamsters were divided into four groups (n=8 per group), and with 3 mg/day/kg ezetimibe or 350
mg/kg/day (SAP350) or 700 mg/kg/day (SAP700) SFBS by oral gavage over the 8 weeks or HF diet only. After 8
weeks, the SFBS significantly decreased serum total cholesterol and low-density lipoprotein cholesterol
concentrations by about 20% (SAP350) and 42% (SAP700), respectively, compared with the HF diet without SFBS
or with ezetimibe (3 mg/kg/day). We propose that the SFBS might be reducing the serum cholesterol level by
increasing fecal excretion of cholesterol and bile acids by about 20% and 35%, respectively. The results of
biochemical analysis of kidney and liver function in the experimental animals suggested that there were no side
effects of SFBS feeding for 8 weeks.
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Introduction
Chinese traditional medicine considers that foods and medicine

have the same functions of maintaining human health. Nutraceutics is
an area of pharmacology concerning food components or active
ingredients that might use as therapeutic agents, many of which have
been reported to have biological functions including
immunostimulatory, hypocholesterolemic, anticarcinogenic, anti-
inflammatory, antimicrobial, antiprotozoan, and molluscicidal effects
and to have antioxidant properties [1]. For example, the
hypocholesterolemic activity of soy protein well established that the
U.S. Food and Drug Administration have approved a claim that it
reduces coronary heart disease risk [2]. As Lucas et al., [3] pointed out,
commercial soy protein typically contains high levels of saponins,
isoflavones and other phytochemicals that may in them influence
cholesterol metabolism [4,5]. Saponins are naturally occurring
structurally and functionally diverse phytochemicals that are widely
distributed in plants. They are a complex and chemically varied group
of compounds consisting of triterpenoid or steroidal aglycones linked
to oligosaccharide moieties. Different nutraceuticals may have
different mechanisms of action: inhibition of cholesterol synthesis
primarily through action on the enzyme 3-hydroxy-3-methylglutaryl-
coenzyme A (HMG-CoA) reductase, increase in low-density
lipoprotein (LDL) receptor activity, reduction of intestinal cholesterol
absorption, and also the ability to interfere with bile metabolism [5].

In this study, a hamster model of hyperlipidemia that has many
similarities to human fat-induced atherosclerotic disease used to

evaluate the hypolipidemic effect of commercial soybean fermentation
broth with saponins (SFBS). Hamsters, like humans, possess
cholesterol ester transfer protein and have all of the same enzymatic
pathways of lipoprotein and bile metabolism, and atherosclerotic
plaques similar to those in humans develop in lesion-prone areas in
response to a high-fat (HF) diet [6,7].

Materials and Methods

Preparation of SFBS
SFBS (SAPONISETM), a concentrated solution of fermented

soybean extract, was provided by Sagittarius Life Science Co., Ltd.
Defatted soybean powder was used as the fermentation substrate. The
microorganisms used in the fermentation process included
Bifidobacterium, Streptococcus, Lactobacillus, and Saccharomyces,
four species that often found in the human intestinal tract or in
traditional fermented products. The final products were subjected to a
sterilization process to ensure that they did not carry any food-borne
pathogens. The crude protein, sodium, and carbohydrate content of the
SFBS were 2.3%, 0.13%, and 20.1%, respectively. Some active
compounds of SFBS were quantitated, including isoflavones (40 µg/
mL), soy saponins (8 µg/mL) and butyric acid (6.24 µg/mL).

Animals
Specific-pathogen-free male Golden Syrian hamsters (four weeks

old) were purchased from the National Laboratory Animal Center,
Taipei City, Taiwan. Animals were housed in the animal facility at Fu-
Jen Catholic University at room temperature (22 ± 1°C) and 50% to
60% relative humidity, with a 12 h light-dark cycle (light on 7:00 AM).
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Distilled water and standard laboratory chow diet (AIN-93G,
D10012G; Research Diets, New Brunswick, NJ, USA) were provided ad
libitum. Before the experiments, the hamsters were acclimatized for 1
week to the environment and diet. At the initiation of the experiment,
hamsters were randomly assign to 1 of 5 treatment diets (n=8) for 8
weeks: (1) normal diet (Norm, AIN, D10012G); (2) HF diet (HF, AIN
93G modified version with 31% kcal fat and 0.2% cholesterol); (3) HF
diet supplemented with SFBS 350 mg/kg/day (SAP350); (4) HF diet
supplemented with SFBS 700 mg/kg/day (SAP700); (5) HF diet
supplemented with 3 mg/kg/day ezetimibe Ez3 [8,9]. All experimental
hamsters were euthanized by 95% CO2 asphyxiation, and blood was
collected immediately.

Clinical biochemical profiles
At the initiation (0 week), and in the fourth and eighth week of the

experimental period, fasting plasma was collected by centrifugation
and the clinical biochemical variables including total cholesterol (TC),
triglycerides (TG), lipoprotein cholesterol levels, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), gamma
glutamyltransferase (GGT), blood urea nitrogen (BUN), and creatinine
(CRE) were measured with an autoanalyzer (Dri-Chem 4000i, Fujifilm,
Tokyo, Japan). The level of LDL was measured with a Toshiba tba-120tr
analyzer (Toshiba Medical Systems; Tustin, CA , USA).

Measurement of fecal bile acid and cholesterol excretion
A modified version of the method reported by Modica et al., [10]

was used to measure the fecal bile acid and cholesterol content. Briefly,
0.2 g of dried feces was mixed with 2 mL of 2 mg/mL sodium
borohydrate in ethanol and incubated at room temperature for 1 h.
Hydrochloric acid and sodium hydroxide were added and samples
were vortexed and allowed to digest for 12 h under reflux. The samples
were then filtered and dried under nitrogen. Samples were
resuspended in water and filtered through Sep-Pak C18 cartridges
(Waters; MA, USA), washed and eluted with methanol and dried
under nitrogen. Samples were redissolved in 1 mL methanol and bile
acid concentrations were measured enzymatically using the Total Bile
Acids Assay kit from Diazyme Laboratories (Poway, CA, USA). Fecal
cholesterol was extracted as previously described [10], and the level
was measured using a colorimetric Infinity cholesterol assay kit
(Thermo Fisher Scientific).

Statistical analysis
All data are expressed as mean ± standard deviation (SD). Statistical

differences were analyzed by one-tailed t-test or one-way analysis of
variance (ANOVA), using IBM SPSS Statistics for Windows, Version
20.0 (IBM Corp., Armonk, NY, USA) to detect significant differences
between groups. Treatment differences were considered significant at
p<0.05 and very significant at p<0.01.

Ethics statement
The Institutional Animal Care and Use Committee (IACUC) of Fu-

Jen Catholic University (FJCU) approved all animal experimental
protocols (Approval Number A10411). All procedures performed on
animals were in strict accordance with the Guide for the Care and Use
of Laboratory Animals (Institute of Laboratory Animal Resources,
Commission on Life Sciences, National Research Council). All efforts
were made to improve animal welfare and minimize suffering.

Results

Body weight and daily food intake
The results shown in Table 1 indicate that the body weight of

experimental animals was stable and steadily increased over the
experimental period. There were no significant differences in the body
weights or average food intake of the different experimental groups at
0, 4, or 8 weeks. Therefore, the HF diet and SFBS supplementation
(SAP350 and SAP700 groups) did not affect body weight.

Groups 0 Week 4th Week 8th Week Food Intake (g/day)

Norm 97.0 ± 5.3 110.4 ± 8.0 115.4 ± 10.6 5.35 ± 0.28

HF 99.0 ± 9.2 114.9 ± 9.4 124.0 ± 9.2 5.28 ± 0.72

SAP350 96.0 ± 5.5 110.7 ± 5.2 112.3 ± 5.4 5.88 ± 0.32

SAP700 99.2 ± 5.4 114.8 ± 9.3 115.5 ± 12.0 5.83 ± 0.28

Ez3 98.7 ± 5.8 117.8 ± 10.0 119.9 ± 11.0 5.30 ± 0.56

Norm: Normal diet; HF: High cholesterol diet; SAP350: HF+SFBS 350 mg/day-
kg; SAP700: HF+ SFBS 700 mg/day-kg; Ez3: HF+Ezetimibe (3 mg/day-kg). The
values are the means ± S.D. (n=8).

Table 1: The body weight (g) and daily food intake for experimental
animals at the initial stage (0 week), 4th and 8th week.

Effect of SFBS on serum lipid profiles
The lipid profiles of control and HF diet groups at the end of the 8-

week experiment shown in Table 2 and indicate that the TG, TC, high-
density lipoprotein (HDL), and LDL levels of the HF group are
significantly higher than normal diet (control) group. However, the
levels of these four lipids were lower at 4 and 8 weeks in the SAP350,
SAP700, and Ez3 groups, as shown in Figures 1 and 2, and serum total
cholesterol (TC) and LDL-cholesterol (LDL-C) (Figures 1A and 2A)
concentrations were significantly decreased. After 8 weeks, the serum
TC and LDL-C concentrations in the two SFBS-treated groups
(SAP350 and SAP700) were significantly decreased about 20% and
42%, respectively, as compared with those in the HF group. Indeed, the
effectiveness of SFBS for decreasing the cholesterol level was
comparable with that of the positive control Ez3 group treated with 3
mg/kg/day of ezetimibe.

Lipids Normal diet HF diet

TC 147.63 ± 30.65 202.50 ± 16.45***

TG 101.75 ± 20.47 148.13 ± 33.98**

HDL 112.38 ± 16.27 172.38 ± 33.28***

LDL 9.25 ± 2.05 11.00 ± 1.85***

Norm: Normal diet; HF: High cholesterol diet. The value was expressed as
mean ± SD (n=8) hamsters per group. Significantly different at p<0.05(*), 0.01(**)
and 0.001 (***) by t-test, one-tail.

Table 2: The lipids profiles (mg/dL) of sera between normal diet and
HCD diet groups were compared at the 8th weeks.
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Evaluation of liver and kidney function
The results shown in Table 3 indicate that the HF group had the

highest levels of AST, ALT, and g-glutaryl transferase (g-GT). However,
at week 8, there were no significant differences in these parameters
between the SAP350, SAP700, and Ez3 groups and the normal diet
group. The kidney function of experimental animals as evaluated by
the levels of BUN and CRE also did not differ significantly between any
of the groups, as shown in Table 4.

Group AST (GOT) (IU/L) ALT (GPT) (IU/L) ϒ-GTP (GGT) (mg/dL)

Norm 50.88 ± 8.77a 51.19 ± 14.69a 11.63 ± 2.45a

HF 60.88 ± 16.96a 81.50 ± 34.18b 14.38 ± 4.75a

SAP350 52.50 ± 29.21a 61.25 ± 40.20a 12.88 ± 3.09a

SAP700 54.25 ± 18.87a 56.38 ± 14.21a 11.88 ± 3.52a

Ez3 51.75 ± 18.90a 56.63 ± 13.47a 11.75 ± 3.62a

Norm: Normal diet; HF: High cholesterol diet; SAP350: HF+SFBS 350 mg/day-
kg; SAP700: HF+SFBS 700 mg/day-kg; Ez3: HF+Ezetimibe (3 mg/day-kg). Data
are mean ± SD, n=8 hamsters per group. Values in the same column with
different superscripts letters (a, b) significantly differ at p<0.05 by one-way
ANOVA and Duncan’s multiple range tests. (AST: aspartate aminotransferase,
GOT; ALT: Alanine aminotransferase, GPT; ϒ-GTP: Gamma Glutamyl
Transpeptidase, GGT).

Table 3: Biochemical analysis of the liver functions expressed by GOT,
GTP and GGT values on sera for experimental animals at the 8th
week.

Group BUN (mg/dL) CRE (mg/dL)

Norm 50.88 ± 8.77a 59.19 ± 14.69a

HF 60.88 ± 16.96a 81.50 ± 34.18a

SAP350 52.50 ± 29.21a 61.25 ± 40.20a

SAP700 54.25 ± 18.87a 56.38 ± 14.21a

Ez3 51.75 ± 18.90a 56.63 ± 13.47a

Norm: Normal diet; HF: High cholesterol diet; SAP350: HF+SFBS 350 mg/day-
kg; SAP700: HF+SFBS 700 mg/day-kg; Ez3: HF+Ezetimibe (3 mg/day-kg). Data
are mean ± SD, n=8 hamsters per group. Values in the same column with
different superscripts letters (a, b) significantly differ at p<0.05 by one-way
ANOVA and Duncan’s multiple range tests. (BUN: Blood Urea Nitrogen; CRE:
Creatinine).

Table 4: Biochemical analysis of the kidney functions expressed by
BUN and CRE values on sera for experimental animals at the 8th week.

The total cholesterol and bile acid levels in fecal samples
To confirm the metabolic pathway of cholesterol after a high-

cholesterol diet with or without SFBS supplementation for 8 weeks,
fecal samples collected at 0, 4, and 8 weeks. The excretion in feces of
cholesterol and bile acids in the SAP350, SAP700, and Ez3 groups was
higher than that in the HF group, as shown in Table 5. The effects of
SFBS increased excretion of cholesterol and bile acids by about 20%
and 35%, respectively, at 8 weeks in the SAP350 and SAP700 groups.
The effect of SFBS in lowering serum cholesterol and promoting the
excretion of cholesterol in feces was similar to that of ezetimibe (which
increased excretion by 28% at week 8, Table 5).

Group
Cholesterol

0 Week 4th Week 8th Week

Norm 75.04 ± 1.41 63.76 ± 6.02 57.02 ± 0.00

HF 70.04 ± 25.42 104.54 ± 13.44 80.54 ± 6.37

SAP350 67.52 ± 14.84 133.05 ± 0.00 101.04 ± 11.29

SAP700 70.02 ± 8.50 125.53 ± 16.25 106.53 ± 0.70*

Ez3 74.54 ± 14.85 104.54 ± 67.20 114.04 ± 0.00*

Norm: Normal diet; HF: High cholesterol diet; SAP700: HF+SFBS 700 mg/day-
kg; SAP350: HF+SFBS 350 mg/day-kg; Ez3: HF+Ezetimibe (3 mg/day-kg).
Each value was expressed as mean ± SD, n=8 hamsters per group.
Significantly different at p<0.05(*) by t-test, one-tail.

Table 5: Compared the cholesterol level (µmol/L) on fecal sample of
HF group with other four groups at 0, 4th and 8th week.

Figure 1: The sera levels of TC (A) and TG (B) of HF group were
compared with other three experimental groups at 0, 4th week and
8th week. The four experimental groups are HF: High fat diet;
SAP700: HF+SFBS 700 mg/day-kg; SAP350: HF+SFBS 350 mg/day-
kg; Ez3: HF+Ezetimibe (3 mg/day-kg. Data are mean ± SD, n=8
hamsters per group. Values are significantly differs at p<0.05 by
one-way ANOVA and Duncan’s multiple range tests.
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Discussion
In this study, the SFBS-supplemented groups (SAP350 and SAP700)

have clearly and significantly, decreased serum TC concentration
compared with the HF group (Figure 1A and B). This indicates that the
major effect of SFBS is to lower the TC level with a minor effect on TG
levels.

Saponin compounds been reported to have many pharmacological
properties including anti-inflammatory, immunostimulant,
hypocholesterolemic, hypoglycemic, antifungal, and cytotoxic activities
[11]. The results shown in Figure 2A indicate that the two SAP groups
effectively decreased the serum LDL level similar to that achieved by
the positive control (3 mg/kg/day ezetimibe) after 4 and 8 weeks of
treatment. The positive control compound ezetimibe used in this study
has been shown to inhibit intestinal cholesterol absorption in both
mice and human [12] via inhibition of the Niemann-Pick C1 Like 1
transporter [13]. As previously reported [12] ezetimibe monotherapy
lowers plasma LDL-C concentrations by approximately 15-20%, which
is similar to the results of our study shown in Figure 2A.

Figure 2: The sera levels of LDL (A) and HDL (B) of HF group were
compared with other three experimental groups at 0, 4th week and
8th week. The four experimental groups are HF: High fat diet;
SAP700: HF+SFBS 700 mg/day-kg; SAP350: HF+SFBS 350 mg/day-
kg; Ez3: HF+Ezetimibe (3 mg/day-kg. Data are mean ± SD, n=8
hamsters per group. Values are significantly differs at p<0.05 by
one-way ANOVA and Duncan’s multiple range tests.

The results shown in Figure 2B suggest that SFBS also decreased the
serum level of HDL, which could be of concern. Previous theories
about the relationship between cholesterol and health have meant that
research has mainly focused on therapies that raise HDL-cholesterol
(HDL-C) [14,15]. However, recent studies aimed at increasing plasma
HDL-C concentrations have not substantiated a significant reduction
in cardiovascular disease risk [16,17], despite the strong inverse
relationship between plasma HDL-C concentrations and
cardiovascular disease risk seen in epidemiological studies [18,19].
Other reports have shown that the plasma levels of HDL-C do not
determine the biliary or fecal excretion of cholesterol in mice [20-23],
and Jakulj et al. [23] recently claimed that direct transintestinal
excretion of plasma-derived cholesterol contributed substantially to
fecal neutral sterol excretion in mice. However, in humans, fecal
cholesterol elimination via the reverse cholesterol transport pathway
considered restricted to excretion via the hepatobiliary route [23]. The
lowering effects of SFBS on HDL-C serum level, explained as a normal
physiological response to the decrease in LDL-C. In conclusion, the
serum concentration of LDL but not HDL-C related to cardiovascular
risk, and, as previously noted, the saponin components of SFBS might
play an important role in lowering the serum cholesterol level.
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