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Abstract The suppressive effects of glutathione-enriched Saccharomyces cerevisiae FF-8 strain (FF-8 GY) on alcohol-
induced hepatotoxicity have been studied. FF-8 GY (256 mg/L) from the fermentation at a large scale bioreactor was used.
Either of 5% FF-8 GY or 5% commercial glutathione-enriched yeast extract (GYE) with or without 30% alcohol was tested
with rats for 4 weeks. FF-8 GY and GYE were found to reduce those alcohol-elevated serum alanine aminotransferase (ALT),
alkaline phosphatase (ALP), and lactate dehydrogenase (LDH) activities. Blood alcohol and acetaldehyde were also decreased
by FF-8 GY and GYE. Interestingly, FF-8 GY drastically increased both hepatic alcohol dehydrogenase (ADH) and
acetaldehyde dehydrogenase (ALDH) activities in comparison to GYE group, thus FF-8 GY would be more effective in blood
alcohol and acetaldehyde reduction. Attenuated lipid droplet accumulation in hepatocytes was observed in both FF-8 GY and
GYE when alcohol stimulated the accumulation. Therefore, FF-8 GY may be useful to protect liver from alcohol-induced
hepatotoxicity.
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Introduction

Bioaccumulation capacities in microorganisms have been
studied to obtain certain essential bioactive components for
human health (1,2). Some species of yeast, such as
Saccharomyces cerevisiae (1,2), Candida utilis (3), and
Yarrowia lipolytica (4) have been found to produce high
bioactive components. Determinations of those yeast-
produced various organic elements are valuable in those
studies of biology, nutrition, and toxicology and in
pharmaceutical industry (5). Several studies (6-8) have also
investigated the effects of yeast strains on hepatic injuries
induced by hepatotoxicants, such as alcohol, carbon
tetrachloride (CCl4), acetaminophen, and flutamide. A
various hepatotoxicants-induced liver injuries have been
protected by a number of the essential bioactive components
in S. cerevisiae strain which were mainly zinc (2), glutathione
(7,9), S-adenosylmethionine (6), and amino acids (10). Our
previous study with rats, recently, demonstrated that dietary
supplementation of glutathione-enriched S. cerevisiae FF-8
strain had protective effects on CCl4-induced hepatotoxicity
and oxidative stress and the observation was performed
under flask-scale fermentation of 204 mg/L glutathione in
optimal YM medium. The protective effect of dietary zinc-
enriched S. cerevisiae FF-10 strain isolated from tropical
fruit rambutan (Nephelium lappaceum L.) on alcoholic
hepatotoxicity in rats was also found previously. However,
whether the massively cultured glutathione-enriched S.

cerevisiae FF-8 strain, which was fermented in a large
scale (100 L) with maximal YM medium, would show
such protective effects on alcohol-induced hepatotoxicity
in rats is not certain yet. Glutathione, a tripeptide composed
of L-glutamate, L-cysteine, and glycine, has widely been
used as medicine for the treatment of liver injury and as
additives in functional health food (7). Recent studies have
well demonstrated that glutathione-containing yeast extract
powder showed dose-dependent hepatoprotective effects
(7). Therefore, the present study has investigated and compared
those protective effects between orally administrated
glutathione-enriched S. cerevisiae FF-8 and glutathione-
enriched yeast extract (GYE) on acute alcohol-induced
hepatotoxicity in rats.

Materials and Methods

Glutathione-containing yeast strain The used high
glutathione-containing yeast S. cerevisiae FF-8 strain,
isolated from Korean traditional rice wine, was obtained by
a large scale fermentation (100-L bioreactor) medium
containing glucose 3%(w/v), peptone 0.5%, yeast extract
3%, 0.06% KH2PO4, and L-cysteine 0.06% and the observed
glutathione concentration in the product was 256 mg/L.
The initial medium pH was adjusted to 6.0 and agitation
speed was set at 200 rpm under inner pressure 0.8 kgf/cm2

with aeration rate 2.0 vvm at 30oC (9).

Animal experiments Four-week old male Sprague-Dawley
strain rats (Hyochang Science Animals Co., Ltd., Daegu,
Korea) were housed individually in the suspended wire-
mesh stainless steel cage under controlled temperature
(22±2oC) and humidity (50-60%) with 12 hr light/dark
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cycle condition. After 1 week of adaptation period for
normal diet (Table 1), animals were randomly divided into
4 experimental groups which are normal, standard diet
only; alcohol, 30% ethanol/water (v/v); GYE, 30%
ethanol/water (v/v)   plus 5%(w/w) commercially available
glutathione-enriched yeast extract (Kohjin Co., Ltd.,
Tokyo, Japan); FF-8 GY, 30% ethanol/water (v/v) plus
5%(w/w) glutathione-enriched yeast S. cerevisiae FF-8
strain. Except those GYE and FF-8 GY treated group, 5%
of casein was added more in the diet to equilibrate protein
contents (Table. 1). A 4 weeks of experiment was
conducted with 6 animals/group and daily feed intake and
water consumption were recorded (Table. 2). The change
of body weight was measured weekly. All treatments and
procedures were conducted in accordance with Dong-A
University (Busan) Lab Care Committee protocols for
animal use.

Activities of liver marker enzymes The blood sample
was collected from the abdominal aorta under light
anesthesia with diethyl ether at the end of the experimental
period. Serum was obtained with centrifugation at 1,026×g
for 15 min at 4oC. The activities of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), and lactate dehydrogenase (LDH) in the serum
were estimated by using enzymatic methods with
commercially obtained assay kits from the Chemiclinical
Chemistry analyzer in the Neodin Medicinal Institute
(Seoul, Korea).

Activities of hepatic alcohol metabolizing enzymes The
liver sample was collected after the blood collection and it
was homogenized in ice-cold 0.25 M sucrose solution
containing 10 mM Tris (pH 7.4) and 1 mM ethylenediamine
tetraacetate (EDTA) using with IKA-Ultra-TURRAX T25
basic homogenizer (Ika-Werke GMBH & Co., KG, Staufen,
Germany). The alcohol dehydrogenase (ADH) activity was
assayed using the method of Bergmeyer (11). The
conversion of nicotinamide adenine dinucleotide (NAD,

Sigma-Aldrich) to nicotinamide adenine dinucleotide
hydrogenase (NADH), as a measure of ADH activity, was
followed by recording the changes in absorbance at 340
nm for 5 min after the initiation of the enzyme reaction.
The acetaldehyde dehydrogenase (ALDH) activity was
assayed using the method of Koivula and Koivusalo (12).

Concentrations of blood alcohol and acetaldehyde
Serum alcohol concentration was determined using a
commercial UV-test kit (R-Biopharm Co., Ltd., Darmstadt,
Germany). This enzymatic test for alcohol utilizes the
coenzyme NAD and alcohol dehydrogenase. Formation of
NADH can then be measured quantitatively by the increase
in the absorbance at 378 nm. Blood acetaldehyde
concentration was also enzymatically determined by using
a commercial kit with ALDH.

Histopathological examination Liver tissues were carefully
removed and small fragments fixations for histomorphology
were prepared with 4% paraformaldehyde in 0.1 M
phosphate-buffered saline (PBS, pH 7.4). The chemically
fixed sample was embedded in paraffin then sliced at an
approximate 6 µm thick for standard Hematoxylin & Eosin
staining. The morphology of any lesions observed was
classified and registered at the Anatomy Laboratory in the
College of Medicine, Dong-A University, Busan, Korea.

Statistical analysis The data from animal experiments
are presented as the mean±standard error mean (SEM),
and were analyzed by using one-way analysis of variance
(ANOVA), with the differences analyzed using the
Duncan’s new multiple range test (13). A p value <0.05
was accepted as the statistical difference.

Result and Discussion

Glutathione-enriched S. cerevisiae FF-8 strain A highly
glutathione-enriched S. cerevisiae FF-8 strain was isolated
from the Korean traditional rice wine and the concentration
was 90 mg/L in the basal YM medium (1). The suppressive
effects of FF-8 GY with the glutathione concentration at
204 mg/L in the optimal YM medium from flask-scale
fermentation on CCl4-induced hepatotoxicity by have been
shown previously (data not shown). The currently observed
the glutathione concentration in FF-8 GY culture by using
large scale reactor (100-L) with maximal YM medium was
255.8 mg/L. This was much higher concentration than those
observations from flask-scale fermentation with basal YM
medium and optimal YM medium as 90 and 204 mg/L,
respectively (9). The observed glutathione concentration in
the current FF-8 strain was also higher than other previous
reports that 64.7 mg/L in S. cerevisiae (14), 175 mg/L in
Candida sp. (15), and 119.4 mg/L in yeast (16). Sugiyama
and Yamamoto (7) demonstrated that high level of glutathione
(i.e., 2% oxidized form plus 10.9% reduced form)-containing
yeast extract powder had dose-dependent hepatoprotective
effects from alcoholic hepatotoxicity, but low levels of
glutathione (only 0.5% oxidized form)-containing bread
yeast extract did not show any such effects. However, the
currently observed high glutathione-containing yeast
supplementation would lead more strong attenuation on
alcoholic hepatotoxicity.

Table 1. Compositions of experimental diets (%)

Group Normal
Ethanol feeding

Alcohol GYE1) FF-8 GY2)

Casein 20 20 15 15

Corn starch 15 15 15 15

Sucrose 55 55 55 55

Cellulose 5 5 5 5

Corn oil 10 10 10 10

Mineral mixture3) 3.5 3.5 3.5 3.5

Vitamin mixture4) 1 1 1 1

Choline bitartrate 0.2 0.2 0.2 0.2

DL-Methionine 0.3 0.3 0.3 0.3

GYE 0 0 5 0

FF-8 GY 0 0 0 5

1)A commercially available glutathione-enriched yeast extract.
2)Glutathione-enriched yeast strain isolated from the Korean tradi-
tional rice wine as a our laboratory yeast (1).

3)AIN 93 M-MX mineral mix, MP Biomedicals, Illkirch, France. 
4)AIN 93 VX vitamin mix, MP Biomedicals.
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Effect on body weight, food intake, water consumption
and relative liver weight Changes of body weight gain,
food intake, water consumption, and relative liver weight
of current animal are shown in Table 2. Alcohol
administration showed a significant decrease in body
weight gain compared to the normal rats, but FF-8 GY or
GYE supplementation tended to increase the body weight
gain in alcohol feeding rats. A study somewhere else
reported that body weight gain decreased in alcohol-treated
rats. Dried yeast was found to reduce body weight dose-
dependently (17). Food intake and water consumption
were significantly lower in alcohol feeding all rats than
those of normal rats. However, the relative liver weights
between liver and body weight were not statistically
significant differences among the groups. The similar
findings in liver weight change were obtained as reported
by Levy et al. (18) and that increase was suggested as a
result of the accumulated lipids in the liver of the alcohol-
treated rats. Also, our previous study showed that CCl4-
induced increases of total liver weight and its relative
percentage were decreased (5.8%) numerically by FF-8
GY.

Activities of alcohol metabolizing enzymes The absorbed
alcohol into bloodstream through the gastro-intestinal tracts
(GIT) is circulated rapidly and then it is distributed
uniformly throughout body (19). The absorbed alcohol in
the liver is rapidly oxidized into acetaldehyde by ADH and
then into acetate by ALDH (20,21). Theoretically, the
accumulation of acetaldehyde in the liver, after the alcohol
absorption, is determined by those rates of its formation
and removal due to the catalytic reactions by ADH and
ALDH, respectively (22,23). The ADH and ALDH are
considered to be essential for the metabolism of alcohol in
the liver and the hypothesis has been made that activities of
these enzymes could be induced by the pharmaceutical
action of some natural compounds. Those activities of
hepatic ADH and ALDH in the current study are shown in
Fig. 1. The hepatic ADH activity in the alcohol treated rats,
as well as GYE and FF-8 GY supplemented animals, was
higher than that in the normal rat (Fig. 1). This result
agrees to the existing report that the ADH activity becomes
increased more in rats with sub-acute alcoholism than rats
with no alcohol (21). The hepatic ALDH activity was
lower in alcohol treated rats than that in the normal rats
(Fig. 1). The ALDH activity in the GYE supplemented rats
was not different from that in the normal rats. Interestingly,
FF-8 GY supplement drastically increased the hepatic
ALDH activity when this was compared with other
experimental groups (Fig. 1).

Concentrations of blood alcohol and acetaldehyde No
alcohol was detected in the blood of normal rat (Fig. 2).
However, FF-8 GY reduced the level of alcohol-elevated
blood alcohol where GYE did not affect the increased level
of blood alcohol due to the administration of alcohol. The
decrease of blood alcohol level by FF-8 GY supplement
might be due to the increased activities of ADH and
ALDH, thus FF-8 GY supplementation would be effective
in the reduction of blood alcohol level. Because, ADH is a
major metabolic enzyme for alcohol disposition in the liver
(24) and the subsequent conversion of acetaldehyde into
acetate would be delayed due to low ALDH activity, although
alcohol can be converted effectively into acetaldehyde by
ADH activity. Therefore, the current observation with FF-
8 GY supplement that increased both ADH and ALDH
activities would lead lower blood alcohol concentration
throughout the conversion of ethanol into acetate via
acetaldehyde.

Activities of ALT, AST, ALP, and LDH Alcohol-
induced hepatic injury is a common model to screen

Table 2. Effects of FF-8 GY or GYE on the body weight gain, food intake, water consumption, and relative liver weight in alcohol
feeding rats

Experimental group
Food intake

(g/day)
Water consumption

(mL/day)
Total body weight gain

(g/4 weeks)
Relative hepatic weight

(%, g/100 g BW)

Normal 19.20±2.01a1) 27.08±1.09a 63.8±3.00a 0.2.81±0.11NS

Alcohol 9.70±1.53b 15.77±0.75b 33.6±2.26b 2.59±0.09

Alcohol+GYE 7.72±1.09b 13.33±0.71b b44.52±11.12ab 2.76±0.05

Alcohol+FF-8 GY 8.47±1.27b 13.33±1.98b 48.52±2.52ab 2.62±0.23

1)Values with different letters represent the statistical difference at p<0.05 (mean±SE, n=6); NS, not significant.

Fig. 1. Effects of FF-8 GY or GYE on the hepatic activities of
alcohol dehydrogenase (ADH) and acetaldehyde (ALDH)
dehydrogenase in alcohol feeding rats. Values with different
letters indicate the significant difference at p<0.05 (mean±SE,
n=6).

Fig. 2. Effects of FF-8 GY or GYE on the serum
concentrations of alcohol and acetaldehyde in alcohol feeding
rats. Values with different letters indicate statistical difference at
p<0.05 (mean±SE, n=6).



1414 J. -Y. Cha et al.

hepatoprotective effects of medicine and functional health
foodstuff (24). The activities of AST and ALT are well-
documented indicators of hepatic dysfunction (6) because
these enzyme activities would be increased when problems
with liver metabolism and loss of liver cell by alcohol
intake were occurred (25). In the present study, the
increased activity of ALT by alcohol intake was observed
(Fig. 3) with an agreement to those previous findings
(23,24). The FF-8 GY or GYE supplementation significantly
decreased the ALT activity in alcohol feeding rat (Fig. 3).
Previous studies (26) have shown that several kinds of
hepatoprotective components in yeasts suppressed alcoholic
liver injury. Sake yeast and S-adenosylmethionine (SAM)-
accumulating yeast have found to suppress ethanol-
induced liver injury in mice by the significant attenuation
of ethanol-induced ALT activity (6,26). The previous our
study in rats observed that pretreatment of glutathione-
enriched S. cerevisiae FF-8 strain had a marked protective
effect that decreased serum ALT activity against CCl4-
induced hepatotoxicity (data not shown). Mannaa et al. (8)
reported that baker’s yeast S. cerevisiae (4.8 mg/kg BW)
suppresses the flutamide-induced hepatotoxicity in male
rats. Sugiyama and Yamamoto (7) reported that the treatment
with reduced form of glutathione-enriched extracts from S.
cerevisiae showed dose-dependent hepatoprotective effects
and this was associated with decreased serum AST and
ALT activities and recovery of liver glutathione levels from
a high intraperitoneal acetaminophen dose-induced acute
hepatotoxicity, but the hepatoprotective effect was not
observed when low levels of glutathione-containing bread
yeast extract was treated. High level of glutathione in
yeasts has been introduced as a hepatoprotective agent
(8,30,31). FF-8 GY used in this study also contained high
concentration of glutathione which was 256 mg/L (15.06
mg/g of dry cell weight) and the observed concentration
was similar to the observed glutathione concentration in
sake yeast extracts (27) that was 13.7 mg/g of dry cell

weight. The concentration of mitochondrial glutathione
was decreased, however, after ethanol treatment (28). The
glutathione consumption from glutathione-enriched yeast
probably increased the hepatic glutathione level thus the
protective effects against hepatotoxicity were shown after
the alcohol treatment. The alcohol treatment tended to
decrease the hepatic glutathione level compared with the
normal rats with no alcohol in the current study (data not
shown), but FF-8 GY feeding in alcohol treatment rats
showed significantly high hepatic glutathione level as
compared with alcohol fed rats. However, there no
significant difference was found in serum AST activity
among the experimental groups, except alcohol treated
control rats showed a slightly increased tendency of serum
AST activity. These observations indicated that the
glutathione-enriched S. cerevisiae FF-8 GY possibly confer
better performance to hepatoprotective effects on alcohol,
CCl4, and acetaminophen-like chemicals-induced acute
hepatotoxicity. Several chemicals-induced hepatic injuries
were also characterized by the increases of serum LDH and
ALP activities (28). Several studies have also indicated the
elevation of LDH and ALP levels in the serum by alcohol
treatment would accurately be reflected as hepatic injury
(12,29). The current study observed significantly increased
levels of LDH and ALP activities in response to alcohol
treatment, but this was decreased to the levels in normal rat
by FF-8 GY supplementation (Fig. 3). Present results
suggest that FF-8 GY may be a powerful candidate to
ameliorate the hepatocytes damage induced by alcohol
treatment.

Effect on liver histopathological investigation Fatty
liver is one of the earliest consequences of alcohol abuse
(28). The current observations demonstrated that FF-8 GY
effectively protected the liver from alcohol-induced
hepatotoxicity with those decreased activities of serum
ALT, ALP, and LDH. The evidential histological observations
are also represented in Fig. 4 and 5. The normal rats
revealed the well-structured hepatic lobules with the
uniform pattern of the polyhedral hepatocytes radiating
towards the periphery from the central vein (Fig. 4). Liver
histology of alcohol treatment rats showed pathomorphologic
alterations and an increase in numbers and volumes of lipid
droplets in the hepatocytes as the fatty liver progressions
(Fig. 5), as described earlier (25). Treatment with FF-8 GY
reduced the ethanol-induced morphological changes and
the microanatomy of the liver was reverted to as well as
normal rats and the numbers and volumes of lipid droplets
in the hepatocyte were much smaller and hepatic steatosis
was attenuated (Fig. 5). The mild fat accumulation by
alcohol treatment was also observed in GY fed rats. The
activity of FF-8 GY compares well with GYE and seems
to be better in the histological abnormalities in the liver.

In summary, alcohol administration caused hepatotoxicity
and high glutathione-containing FF-8 GY administration
provided hepatoprotective activity by reducing those
activities of hepatic biomarker enzymes. These results
suggest that a highly glutathione containing Saccharomyces
cerevisiae FF-8 strain may have positive effects for the
protection from alcohol-induced hepatotoxicity.

The current investigation may be concluded that alcohol-
induced liver injuries would be prevented or/and recovered

Fig. 3. Effect of FF-8 GY or GYE on the serum activities of
AST, ALT, ALP, and LDH in alcohol feeding rats. Values with
different letters represent the statistical difference at p<0.05
(mean±SE, n=6). AST, aspartate aminotransferase; ALT, alanine
aminotransferase; ALP, alkaline phosphatase; and LDH, lactate
dehydrogenase.
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in response to glutathione-containing microorganisms
dosing. The involvements of protective mechanisms are
not clear but reaction time regulation for enzymatic
responses might be included as well as antioxidative
responses. Therefore, chronic investigation would be

necessary to see if better resolution could be achieved.
However, the observed effects of massively produced
glutathione-enriched microorganisms would allow some of
positive opportunities for future developments and
approaches in the treatment of alcohol-related diseases.

Fig. 4. Histopathologic changes in hepatic central vein by FF-8 GY or GYE in alcohol feeding rats. Magnification 250×.

Fig. 5. Histopathologic changes in hepatic portal area by FF-8 GY or GYE in alcohol feeding rats. Magnification 250×.
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