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ABSTRACT

Furan is commonly found in several kinds of heat-treated foods, the existence of furan in
food causes public health issues. The current research examines the preventive impact of
glutathione on liver, kidney function, and tumor markers against furan-induced injury in
mice. Male albino mice were divided into seven groups: a control (G1), G2 (0.5mg furan/
kg b.w./day), G3 (1 mg furan/kg b.w./day), G4 (2 mg furan/kg b.w./day), G5 (4 mg furan/
kg b.w./day), G6 (2 mg furan/kg b.w./day +500 mg glutathione/kg/day), and G7 (4 mg
furan/kg b.w./day +500 mg glutathione/kg/day). At the end of the study, after 8 weeks, the
anesthetized and sacrificed were done, and then the different tests were conducted. Results:
Furan significantly increased hepatocyte damage in mice, as evidenced by increased
activities of aminotransferase (AST) and alanine aminotransferase (ALT) after a 2mg/kg/
day dose. Furan promoted oxidative stress due to elevated malondialdehyde levels,
occurring at various furan dosages (0.5, 1, 2, and 4mg/kg/day). The study found that pre-
treatment with glutathione at 500 mg/kg/day reduced AST, ALT, and MDA activities in
mice, while furan levels did not negatively impact kidney functions. It should be noted that
all levels of furan increased tumor markers [Alpha Fetoprotein (AFP)] compared to the
control (3.1 ng/ml), whereas glutathione reduced the level of AFP in groups taking furan at
(2 and 4 mg/kg) to range (3.5-3.6 mg/ml) compared to (4.6-4.8 mg/ml) for the same
groups taking furan at (2 and 4 mg/kg) without glutathione. Glutathione's protective effects
against furan-induced hepatocyte damage may be due to its exceptional capacity to
scavenge free radicals. Glutathione, with its strong antioxidant properties, has the potential
to be a promising therapeutic and preventive agent for diseases induced by furan com-
pounds.

1. Introduction

(Akillioglu et al., 2015). (Mogol and Gokmen 2013)

Furan is typically created during the thermal
processing of a variety of foods, especially baked, fried,
and roasted foods like cereals, coffee, canned and jarred
prepared meals, and infant foods. Furan is a poisonous
and carcinogenic substance for humans that may pose a
serious risk to newborns and babies. Furan can
be generated in meals as a result of heat carbohydrate
breakdown, amino acid dissociation, and polyunsaturat-
ed fatty acid oxidation. Furan is difficult to detect in
food because of its high volatility and low molecular
weight (Javed et al., 2021). The heating temperature has
an impact on the initial rate of furan formation

found that an increase in heat load has a substantial
impact on the growth of furans. Honey-coated breakfast
contains 57.4 mg/kg of furan (Fromberg et al., 2014);
breakfast cereals contain 27-27.5 mg/kg of furan;
crackers, biscuits, crispbread, and other similar foods
contain 32.4 mg/kg; vegetables and savory baby foods
(meat, fish, or pasta) contain 33.3-289 mg/kg (Kettlitz
et al., 2019); however, 74-99 and 47-53 mg/kg were
found in fully automated coffee machines and filter
coffee, respectively (Rahn and Yeretzian, 2019). The
The (EFSA 2004) discovered that this
dangerous was present in a wide range o
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foods, with levels above 100 ppb in
coffee, infant food, and canned meat. According to
(EFSA's 2017) report, which was requested by the
European Commission, the largest source of dietary
exposure to furan in adults, the elderly, and the very
old is coffee. The liver has the largest concentration
of furan, which is absorbed through the digestive
system. DNA, proteins, and amino acids may all
bind covalently to furan. Rats and mice exposed to
furan exhibit hepatotoxicity, such as cholangiofi-
brosis and hepatocellular adenomas and carcino-
mas. Oxidative stress, altered gene expression,
altered epigenetic modifications, inflammation, and
enhanced proliferation are examples of
convincing evidence for indirect pathways Impli-
cated in carcinogenesis. Furan and several of its
constituents are extremely toxic and linked to a

cell

number of major health problems, such as growth
rate and behavioral issues, cancer, hormone imbal-
ances, in the system,
problems in the embryo, and detrimental postnatal
consequences on human health (Hamadeh et al.,
2004). (IARC 1995) categorized furan as probably
carcinogenic for humans (Group 2B). In 2-year
carcinogenicity research in 344 Fischer rats, furan
administration causes neoplastic lesions that are
largely localized in the liver (NTP, 1993). The
dosages at which this occurs are 2, 4, and 8 mg per

abnormalities immune

kg BW per day. Thus, research on furan toxicity to
humans is necessary to mitigate or minimize nega-
tive consequences. (Yuan et al., 2013) demonstrated
that furan significantly increased hepatocyte dam-
age as indicated by raised levels of aspartate ami-
notransferase (AST), alanine aminotransferase
(ALT), and direct bilirubin (DBIL). Increased for-
mation of reactive oxygen species (ROS) and
malondialdehyde (MDA) levels in the livers of
mice were indicative of oxidative stress brought on
by furan. According to (Kaya et al., 2019), rats
given high doses of furan experienced increased
MDA levels, which resulted in oxidative stress and
hepatotoxicity. Moreover, increase the activities of
alanine transaminase and aspartate transaminase.
Histopathological examination of the liver tissues of
the furan-treated groups revealed many lesions,

particularly in the higher-dose group. Furan was
discovered by (Aydin et al., 2023) to lower the ac-
tivity of antioxidant enzymes while raising the rates
of apoptotic cells, reactive oxygen species, and lipid
peroxidation. It also negatively impacts the skin,
liver, kidneys, immunological system, neurological
system, and fat tissue. These consequences might
result from reducing the antioxidant system's
effectiveness, which could lead to cytotoxicity,
oxidative stress, and apoptosis. An antioxidant
called glutathione is created when glutamine,
glycine, and cysteine are combined. In addition to
acting as an electron donor for GPx and providing
protection against nonspecific oxidative damage
and hydrogen peroxide, which is known to be a
major cause of sickness in a variety of illnesses
(Parsons and Gates 2013), It prevents the oxidative
denaturation of proteins under stress by protecting
thiol groups (Zhang et al., 2019). Protein, bilirubin,
and enzyme levels in the blood are all improved in
patients with deep-seated fatty liver diseases by
glutathione (Kotsos and Tziomalos 2023).
Additionally, it helps organisms detoxify and gets
rid of different kinds of free radicals, or ROS, in
cells (Lee et al., 2015). By interacting with toxins
and carcinogens, it reduces liver damage by enhanc-
ing the solubility of foreign compounds that are eas-
ily excreted by the kidneys, helps repair DNA
through the production of prostaglandins and pro-
teins, and aids in the detoxification of harmful min-
erals through the mercapturic acid pathway (Niu et
al., 2021 and Yilmaz & Omakli 2023). It is also a
significant reducing agent with strong antioxidant
action. Glutathione is involved in the elimination of
poisons such as mercury from cells and the brain, in
addition to eliminating a variety of oxidants such
as superoxide, hydroxyl radical, carbon radical, ni-
tric oxide, detoxified hydroperoxides, lipid perox-
ides, and peroxynitrites (Mary et al., 2015). It also
acts as an antioxidant, preserves the thiol status of
proteins, and alters DNA and the structure of the
immune system (Halliwell and Gutteridge 2015).
Better physical health and fewer diseases have been
associated with higher glutathione levels (Halliwell
2013).
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Nevertheless, no research has used a mice model
to assess the preventive benefits of glutathione
administration  against  hepatocyte =~ damage
caused by furans. The impact of glutathione
supplementation on furan-induced damage in the
liver and kidney of mice was examined in this
work.

2. Materials and Methods

Materials
The purification level of furan (CAS: 110-00-9,
>98.0%) was obtained from Sigma-Aldrich (St.
Louis, Mo., USA). Commercial kits for ALT, AST,
and total bilirubin were purchased from Diamond
Co. in Hannover, Germany. Sigma-Aldrich's ELISA
Kit was used to evaluate the quantity of AFP. We
bought glutathione, dimethyl sulfoxide, and diam-
monium salt (DMSO) from Sigma-Aldrich. All the
different reagents and chemicals were of the highest
grade possible. Furan (0.5, 1, 2, and 4 mg furan/kg
b.w. of mice/day) was diluted in DMSO to a final
volume of 0.5 ml of solution. The experimental
mice were given solutions daily with the aid of a
stomach tube. Glutathione (500 mg/kg b.w. of mice/
day) was dissolved in 0.5 ml of normal saline and
given orally daily by stomach tube to mice.
Experimental design

For this study, 42 male albino mice weighing
2045 g each were obtained from the Food Technol-
ogy Research Institute and were in good health.
Mice were fed a standard mouse pellet diet, and tap
water was provided ad [libitum. As advised by
(Tebib et al., 1997), the basal diet, also known as
the control group, consists of 15% sugar, 21.7% ca-
sein, 53.3% corn starch, 5% corn oil, 1% vitamin
mixture, 4% mineral mix, and 0.2% choline chlo-
ride. The experiment was carried out in the Agricul-
ture Research Center's experiment animal house at
the Food Technology Research Institute. The living
quarters were designed to resemble a typical labora-
tory, with 24 + 3°C temperature control, 60% rela-
tive humidity, and 12-hour light and dark cycles.
For ten days, the mice were fed a control diet, or
basal diet, to help them adapt. After adaptation, 42
mice were split into seven groups of equal mean
body weight. All groups fed on a basal diet during

the experiment period and submitted to seven
different treatments: G1 (control), G2 (0.5 mg fu-
ran/kg b.w./day), G3 (1 mg furan/kg b.w./day), G4
(2 mg furan/kg b.w./day), G5 (4 mg furan/kg b.w./
day), G6 (2 mg furan/kg b.w./day +500 mg glutathi-
one/kg/day), and G7 (4 mg furan/kg b.w./day +500
mg glutathione/kg/day). Each mouse was given 0.5
ml of solution containing the required concentra-
tion of furan or glutathione according to body
weight via a stomach tube. There was no treatment
given to the mice in the control group.
Biochemical analysis

After eight weeks of study, the mice were slaugh-
tered, and their livers were removed after they had
fasted for the whole night. Before analyzing the liv-
er samples, they were thoroughly washed with a
physiological saline solution. Then, one part of the
liver tissues was homogenized with 10 parts of
distilled water using a Potter-Elvehjem homogeniz-
er (CAT R50D model, Germany). To measure
MDA, the homogenate was centrifuged for 15
minutes at 3,000 g at 4°C. (Placer et al., 1966)
approach was followed while testing the MDA
level. This particular approach relied on the interac-
tion between thiobarbituric acid and MDA, which is
one of the aldehydes that arise from the process of
lipid peroxidation. After blood collection, it
permitted clotting, and serum was extracted using a
15-minute centrifugation run at 3000 rpm. The kit's
instructions for colorimetric techniques
followed to quantify the amounts of serum AST,
ALT, and bilirubin (Diamond Co., Hannover, Ger-
many). The test samples' absorption was measured
at 578 nm for total bilirubin and 505 nm for AST
and ALT. The kinetic approach was used to
determine kidney functions, such as serum urea

WweEre

(Sampson et al., 1980). The colorimetric technique
reported by (Heinegard and Tinderstrom 1973) was
used to measure creatinine. Uric acid was measured
using a uricase enzyme method (Fossati et al.,
1980).
Histopathological examination

After the liver tissues were embedded in paraf-
fin blocks, they were soaked in 10% neutral

Food Technology Research Journal, Vol. 3, issue 2, 79-90, 2024
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buffered formalin, sliced into 5 pm slices, and
stained with hematoxylin and eosin (HE). A light
microscope was then used to analyze the samples
(Bhadauria and Nirala, 2009). Ten microscopic are-
as that were chosen at random were evaluated for
the histological assessment.
Alpha-Feta protein

The Alpha-Fetoprotein (AFP) ELISA Kit is in-
tended for the quantitative measurement of AFP in
serum or plasma, according to (Adinolfi and
Adinolfi 1975).
Statistical analysis

The SPSS 11.5 program (SPSS Inc., Chicago,
IL) was used to conduct the statistical analysis. The

Duncan test was used to assess mean differences at
p<0.05.

3. Results and discussions
Effects of glutathione on the AST and
ALT activities in the serum of furan-

treated mice

The impact of oral glutathione and furan
administration on mice's liver function is displayed
in Figure 1. Furan is a common hepatotoxic sub-
stance that primarily targets the liver in rats and
mice. Its toxicity is dose-dependent and most likely
results from a genotoxic mechanism (Petersson et

al., 2005). Liver enzymes like ALT and AST were
assessed in the current study as biochemical
indicators of heightened hepatocyte permeability,
injury,
elevated in the serum. According to our present
study, furan significantly increased the serum levels
of AST and ALT activities for G2 to G7 as
compared to the control group. It is believed that
significant damage to the tissue membrane is the
cause of this surge. These findings align with the
research conducted by (Moser et al., 2009 and Ha-
madeh et al., 2004). The AST and ALT activities
dropped in individuals given 500 mg glutathione
per kg body weight per day but did not decrease
under control, as demonstrated in Figure 1. The use
of glutathione for a level 2 mg furan prevented an
increase in AST and ALT activity by 55% and 40%,
respectively; however, the application of glutathi-
one for a level 4 mg furan prevented a rise in AST
and ALT activity by 40% and 29%. Therefore, it is
evident from the data that the risks to the hepatic
cells were greater at the higher dosage of furan
(4 mg/kg bw/day) than they were at the lower dose

and/or necrosis when their levels are

(2 mg/kg bw/day). Additionally, glutathione signifi-
cantly reduced the risks at low furan levels
compared to higher levels.
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Figure 1. Effects of glutathione on the AST and ALT activities in the serum of furan-

treated mice
Columns of the same hue show significant changes when superscript upper case letters differ at (p < 0.05).
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Consequently, the findings supported the recom-
mendation that mice not be exposed to elevated lev-
els of furan. High dosages of furan cause significant
damage in the livers of animals, the major target
organ (Bakhiya and Appel 2010). However, utiliz-
ing a greater amount of furan (2 and 4 mg) in addi-
tion to 500 mg glutathione decreased the level of
AST and ALT in mice's serum when compared to
lower levels of furan (0.5 and 1mg) without gluta-
thione.

Effect of glutathione on the bilirubin
serum and MDA in liver tissues of furan-

treated mice
The results shown in Figure 2. indicates that, in
comparison to the control group, the rats given

body weight per day) showed a significant increase
in their bilirubin levels. These results imply that
exposure to furan could potentially have a direct
influence on the functioning of the liver, resulting in
an increase in bilirubin levels. The level of bilirubin
continued to rise as the concentration of furan
increased. (Yuan et al., 2013) reported similar
observations. However, after administering glutathi-
one at a dosage of 500 mg/kg bw/day to the mice,
the bilirubin levels decreased. This was evident
when comparing the levels in groups G6 and G7 to
those in groups G4 and G5, respectively. (Salah-
Eldina and Ibrahim 2023) have proven that oral glu-
tathione treatment lessens the risk of many hazard-
ous chemicals while improving liver and kidney

) function.
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Bilirubin (mg/dl) MDA n mol/ml
1 300 279
0.9
0.8 0.75¢ 250
200 o 165

0.84" 0"
0.8° -
0.7¢

0.7 0.6'
0.6 g5
0.5
0.4
0.3
0.2
0.1
0

G1 G2 G3 G4 G5 G6 G7

1474 139f 146

150 198
10
5
0
G1 G2 G3 G4 G5  G6 G7

o

o

Figure 2. Effect of glutathione on the bilirubin serum and MDA in liver tissues of furan-treated mice
Columns of the same hue show significant changes when superscript upper case letters differ at (p < 0.05).

MDA is a significant reactive aldehyde that arises
as a result of the peroxidation process of polyun-
saturated fatty acids within the biological mem-
branes (Vaca et al., 1988). Consequently, the meas-
urement of MDA serves as a reliable marker indi-
cating an increased occurrence of lipid peroxida-
tion, a process that has the potential to cause harm
to tissues. The amount of MDA in the blood is fre-
quently employed as a gauge for the degree of dam-
age resulting from lipid peroxidation mediated by
free radicals. This parameter serves as a widely rec-
ognized marker in the field (Aksu et al., 2007).
MDA levels were determined in the mice's livers
treated with furan and glutathione. The data dis-
played in Figure 2 demonstrate a significant rise in
hepatic MDA concentration (147, 154, 165, and 279

nmol/ml, respectively) in the groups administered
furan at varying doses (0.5, 1, 2, and 4 mg/kg body
weight per day). This increase suggests a height-
ened occurrence of lipid peroxidation, in contrast to
the control group, where the hepatic MDA concen-
tration was 118 nmol/mL. The mice that received
oral treatment of glutathione G6 and G7 had signifi-
cantly lower MDA levels (139 and 146 nmol/ml)
compared to the group that was treated with furan at
the same concentration without glutathione, such as
G4 and G5 (165 and 279 nmol/ml, respectively).
Therefore, the study's findings add to the body of
research demonstrating the protective effect of glu-
tathione in averting the harm caused by giving mice
higher dosages of furan.

Food Technology Research Journal, Vol. 1, issue 1, 59-78, 2024

83



84

Glutathione's antioxidant effects and its ability to shield mice's hepatocytes from damage caused by furan

Effects of glutathione on the Kkidneys
functions in the serum of furan-treated
mice

Figure 3. illustrated the impact of glutathione
on the functioning of the kidneys, specifically in
relation to uric acid, creatinine, and urea levels in
the serum of mice that were treated with furan. The
kidneys' uric acid, creatinine, and urea functions in
mice treated with furan were found to significantly
increase as the intake of furan increased in compari-

son to the control treatment. However, it is im-
portant to note that the increase in these functions
did not exceed the permissible normal levels. The
levels of uric acid, creatinine, and urea in the kid-
neys were found to have significantly decreased
when glutathione was used. This reduction was ob-
served when comparing groups G6 and G7 to
groups G4 and GS5, respectively. The outcomes
agreed with the findings published by (Arrivi et al.,
2023).
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5 460 LB 1 0.9° OS5y
4 0.8 0.7° 0.7°
3 0.6
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0 0
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Figure 3. Effects of glutathione on the kidneys functions in the serum of furan-treated mice
Columns show significant changes when superscript upper case letters differ at (p < 0.05).

Effects of glutathione on tumor markers
(alpha fetoprotein ng/ml) of furan-treated
mice

Figure 4. provides a visual representation of the
impact of glutathione on the levels of tumor mark-
ers, specifically alpha-fetoprotein (measured in
nanograms per milliliter), in mice that were treated
with furan. Alpha-fetoprotein (AFP) is a glycopro-
tein with a molecular mass of approximately 70,000
Da. Only tiny levels are seen in the serum in a

normal case. Several malignant disorders, including
cancer, acute viral hepatitis, chronic active hepatitis,
and cirrhosis, cause excessively high blood AFP
levels. Figure 4. displays the results of the experi-
ment where mice were pretreated with different
doses of furan (0.5, 1, 2, and 4 mg/kg bw/day). The
findings indicate a significant increase in the levels
of AFP in the mice, with concentrations of 3.6, 4.1,
4.6, and 4.8 ng/ml for the respective doses.

Food Technology Research Journal, Vol. 3, issue 2, 79-90, 2024
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Figure 4 Effects of glutathione on tumor markers (alpha fetoprotein ng/ml) of furan-treated mice
Columns show significant changes when superscript upper case letters differ at (p < 0.05)

In comparison, the control group exhibited a lower
concentration of AFP (3.1ng/ml). According to
(Wong et al., 2015), the increased AFP levels also
indicate the extent of liver damage and subsequent
liver regeneration. According to reports, serum AFP
levels rise as liver histology becomes more severe
as the disease progresses from cirrhosis to hepato-
cellular carcinoma to hepatitis (Liu et al., 2014).
Furthermore, elevated AFP levels are occasionally
detected in genetically susceptible individuals with-
out a history of liver disease or an underlying ma-
lignancy. Meanwhile, moderately elevated AFP lev-
els (<150 ng/mL) usually indicate acute or chronic
viral hepatitis and cirrhosis. Moreover, AFP con-
centrations may increase with hepatocyte regenera-
tion and proliferation during liver disease progres-
sion (Turshudzhyan and Wu, 2022). The tumor-
infected mice can appear after an increase AFP of
about 50 or 250 ng/mL, as reported by (Jag et al.,
2022). In the current study, the application of gluta-
thione before treatment had a significant impact on
reducing tumor markers (AFP) in groups G6 and
G7, with levels of 3.5 and 3.6 ng/mL, respectively.
This reduction was in stark contrast to the furan-
treated groups, G4 and G5, where the tumor mark-
ers were 4.6 and 4.8 ng/ml, respectively, at the same
levels of furan concentration. However, despite the
reduction in tumor markers, the levels of AFP still
remained considerably higher than those observed

in the control group (3.1ng/ml). Additionally, the
group that received a daily dosage of 500mg
kg bw of glutathione demonstrated the most effec-
tive protection against hepatic injury caused by
furan when compared to other treatments.
Histopathological examination of liver

When examined under a microscope, the liver
tissue of mice belonging to Group 1, referred to as
the control group, remained unaltered and displayed
the typical histological structure. This was observed
in both Figures (5a and 5b), indicating that these
mice did not undergo any changes in their liver tis-
sue as a result of not receiving either furan or gluta-
thione treatment. In addition to the aforementioned
findings, it was observed that the liver of mice be-
longing to Group 2, which was administered a dos-
age of 0.5 mg of furan per 1 kg of body weight on a
daily basis, did not exhibit any notable alterations in
its histological structure, as depicted in Figures 6a
and 6b. In contrast, the sections taken from group 3
did not display any histopathological changes, as
shown in Figures (7a and 7b). However, a few por-
tions from this group exhibit fibroplasia in the por-
tal triad, which was accompanied by the develop-
ment of newly formed bile ductuoles, as depicted in
Figure 7c. In the meantime, the liver samples taken
from mice in group 4 exhibited the activation of
Kupffer cells, as indicated by the findings presented
in Figures 8a and 8b.

Food Technology Research Journal, Vol. 3, issue 2, 79-90, 2024
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In the meantime, the liver samples taken from mice
in group 4 exhibited the activation of Kupffer cells,
as indicated by the findings presented in Figures (8a
and 8b). Kupffer cells are specialized phagocytic
cells in the liver that form part of the reticuloendo-
thelial system. Its function is to break down red
blood cells by phagocytic action and to divide the
hemoglobin molecule into a globin chain and a
heme molecule (Kalyane et al., 2019). The glo-
bin chain is reused; the heme that contains iron is
broken down into iron, which is used to build biliru-
bin, which combines with glucuronic acid in liver
cells to form bile juice. Also, the Kupffer cells are
the ones that rid the body of gut bacteria, bacterial
endotoxins, and microbial debris transported to the
liver from the digestive system via the portal vein,
and they are the first immune cells in the liver. Any
change in the functions of Kupffer cells indicates
that the liver is affected by various diseases, such as

B O VIR RS

TS

alcoholic liver disease, viral hepatitis, intrahepatic
cholestasis, steatohepatitis, liver activation or rejec-
tion during liver transplantation, and cirrhosis. Acti-
vated Kupffer cells can drive hepatocellular epithe-
lial-mesenchymal transition and pro-inflammatory
cytokine production through the ROS signaling
pathway (Wang et al., 2023). Additionally, there
was a noticeable infiltration of inflammatory cells
observed in the portal area of the liver, as depicted
in Figure 8c. On the contrary, mice's livers from
group 5 showed congestion of the central vein, focal
hepatocellular necrosis associated with inflammato-
ry cell infiltration (Figure 9a), Kupffer cell activa-
tion, portal infiltration with inflammatory cells
(Figure 9b), and portal edema (Figure 9c). Further-
more, the livers of mice from groups 6 and 7 exhib-
ited no histopathological alterations (Figures 10a
and 10b).
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Figure 6. Photomicrograph of liver of mice’s from group 2

Showing the normal histoarchitecture of hepatic tissue
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Figures (7a and 7b) Showing no histopathological alterations while, Figure (7c) showing fibroplasia in the portal triad
(black arrow) associated with formation of newly formed bile ductuoles)
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Fig. 9a (showing congestion of central vein (black arrow) and focal hepatocellular necrosis associated with inflamma-
tory cells infiltration (red arrow)), Fig. 9b (showing Kupffer cells activation (black arrow) and portal infiltration with
inflammatory cells (red arrow)), and Fig. 9c (showing portal edema (arrow)).
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Figure 10. Photomicrograph of liver of mice’s from group 6 and 7
Fig. 10a and 10b showing no histopathological alterations

4. Conclusion

Numerous pharmacological effects of glutathi-
one have been discovered through both in vitro and
in vivo investigations. It has not been documented,
nonetheless, that glutathione protects mice's hepato-
cytes against damage caused by furans. The present
study looks at how glutathione protects liver and
kidney function as well as tumor indicators against
furan-induced harm in mice. Furan caused severe
hepatocyte injury in mice, as demonstrated by the
increased activity of aminotransferase (AST) and
alanine aminotransferase (ALT). It also promotes
oxidative stress due to high malondialdehyde levels.

When compared to the control, it was shown that all
furan levels raised tumor markers (AFP). The mice
treated with glutathione significantly prevented the
hepatocyte damage caused by furan as well as re-
duced the level of AFP to near control. Glutathi-
one's exceptional capacity to scavenge free radicals
may explain its protective properties against furan-
induced hepatocyte damage, making it a potential
therapeutic and preventative agent for furan-related
diseases.
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