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Abstract 

Background and purpose: This study explored the impact of the hydroalcoholic extract of Medusomyces 
gisevii L. (HEMG), a promising source for dietary use, on NAFLD in male mice. 
Experimental approach: The essential oil of MG was characterized using GC-MS and the HEMG, obtained 
through continuous maceration. Male albino mice were subjected to 7 groups (n = 9), including normal diet, 
high-fat diet (HFD, 12 weeks), HEMG (62.5, 125, 250, and 500 mg/kg, orally, 8 weeks), or vitamin E (20 
mg/kg, orally, 8 weeks) supplementation with HFD. Blood samples were analyzed for serum biomarkers, and 
liver mitochondria were isolated to assess oxidative stress markers. Histopathological examinations of liver 
tissue were conducted.  
Findings/Results: MG was rich in cyclohexanol, carvacrol, and phenol, with HEMG exhibiting an antioxidant 
activity of 50.14 ± 3.56 μg/mL. It contained 73.47 ± 0.85 mg of gallic acid equivalents per g of TPC and 62.56 
± 1.30 mg/g of TTC, indicating the significant antioxidant properties of HEMG. Mice on an HFD exhibited 
elevated serum biomarkers, including ALT, AST, ALP, TG, TC, and LDL, along with a reduction in HDL 
levels. Oxidative stress factors, including ROS, protein carbonyl, and MDA, increased, while mitochondrial 
function, GSH, catalase, and SOD were decreased in the NAFLD groups. Furthermore, treatment with HEMG 
supplementation led to improvements in serum biomarkers and enhanced oxidative stress markers, thus 
alleviating liver damage and hepatic steatosis caused by the HFD. 
Conclusion and implications: These results suggest that HEMG holds promise as a candidate in addressing 
NAFLD. 

Keywords: Kombucha; Liver enzymes; Medusomyces gisevii; Non-alcoholic fatty liver disease; Oxidative 
stress; Vitamin E. 

INTRODUCTION 

The liver, recognized as the central site for 
lipid metabolism, plays a crucial role in 
processing fatty acids derived from food into 
energy necessary for the function of 
hepatocytes. However, when the liver 
accumulates triglycerides (TG) beyond 5% of 

its weight, it encounters functional challenges, 
resulting in the onset of fatty liver disease (1).  
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Non-alcoholic fatty liver (NAFL) is defined 
as all cases characterized by steatosis, with or 
without mild lobular inflammation (2). NAFLD 
has evolved from being a relatively obscure 
condition to becoming the most prevalent cause 
of chronic liver disease worldwide (3) and 
exhibits strong associations with prevalent 
metabolic conditions like type 2 diabetes, 
obesity, hyperlipidemia, and hypertension (4), 
excluding excessive alcohol consumption and 
other chronic liver diseases (5). The 
progression of non-alcoholic fatty liver disease 
(NAFLD) can evolve from NAFL to more 
severe stages, including non-alcoholic 
steatohepatitis (NASH), cirrhosis, liver cancer, 
and ultimately, advanced liver disease and 
failure (6). 

When the intake of energy surpasses its 
usage, the surplus energy is accumulated as 
lipids. In a disordered physiological state, lipids 
are deposited in various organs across the body 
(7). NAFLD serves as a classic example of the 
abnormal accumulation of lipids in non-adipose 
tissues. The development of hepatic steatosis in 
NAFLD results from an overproduction of TG 
in liver cells, with 60% of the materials for this 
production coming from white adipose tissue, 
26% from de novo lipogenesis, and 15% from a 
diet high in fats and/or sugars (8). 

Oxidative stress plays a crucial role in 
NAFLD, contributing significantly to both 
intrahepatic and extrahepatic complications. 
This imbalance in oxidative processes arises 
from an abundance of reactive oxygen species 
(ROS), like superoxide or hydrogen peroxide, 
combined with weakened antioxidant defenses. 
Factors such as high levels of free fatty acids 
and excess lipids in the liver worsen this 
condition, leading to an increase in ROS and 
compromised antioxidant mechanisms. These 
oxidative stress processes, linked to issues in 
cell parts like mitochondria and the 
endoplasmic reticulum, not only affect the 
liver's structure and function but also harm 
other parts of the body, like muscles, the heart, 
kidneys, and the nervous system (9,10).  

The search for effective treatments for 
NAFLD continues, largely due to the complex 
nature of how the disease progresses and the 
incomplete understanding of its mechanisms 
(11). Current approaches recommended by the 

FDA focus on weight loss and physical activity, 
with at least a 10% reduction in body weight 
considered essential for histological 
improvements. While medications like 
silymarin, pioglitazone, and vitamin E have 
been employed in NAFLD treatment, their 
efficacy in definitively treating the disease 
remains inconclusive (12-14). However, 
ongoing research and clinical trials offer hope 
for identifying definitive therapeutic 
interventions for NAFLD and NASH, 
suggesting potential advancements in this 
domain (15). 

In this context, it is crucial to explore 
innovative methods to address NAFLD, with 
one promising approach involving the use of 
plant-based substances and their derivatives, a 
subject of numerous scientific investigations 
(16-19). Of specific interest is Medusomyces 
gisevii L. (MG), a natural symbiont well-known 
for its potential as a dietary source, commonly 
known as Kombucha or Tea Fungus (20). MG 
is composed of a diverse microbial community, 
including yeasts and acetic acid bacteria. 
During the cultivation of symbionts, the culture 
medium accumulates different components. 
This includes residual nutrient substrates as 
well as byproducts resulting from microbial 
activity, which diffuse throughout the medium. 
It presents a range of health benefits associated 
with its rich composition of organic acids, 
vitamins, polyphenols, and potent antioxidants 
(21,22). The fermentation process of 
Kombucha also produces compounds with 
strong antioxidant properties, effectively 
scavenging free radicals and ROS (23). 
Previous research has highlighted the protective 
effects of Kombucha tea on different                   
organs, demonstrating its ability to improve 
liver function indicators in damaged                   
livers (24). 

Despite the extensive existing research, 
there is a lack of sufficient evidence regarding 
the therapeutic potential of the hydroalcoholic 
extract of Medusomyces gisevii L. (HEMG) for 
treating NAFLD. Therefore, there is a 
compelling need to design an animal model 
study to investigate the therapeutic effects of 
HEMG on NAFLD, thereby uncovering a 
potentially novel therapeutic approach for this 
widespread liver disorder. 
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MATERIALS AND METHODS 
 
Chemicals and reagents 

Vitamin E, ketamine hydrochloride, xylazine 
hydrochloride, 3-[4, 5-dimethylthiazol-2-yl]-2, 5-
diphenyltetrazolium bromide (MTT), 2, 7-
dichlorodihydrofluorescein diacetate (DCFH-
DA), 2, 4-dinitrophenylhydrazine (DNPH), 
thiobarbituric acid (TBA), trichloroacetic acid 
(TCA) and 5, 5-dithiobis[2-nitrobenzoic acid] 
(DTNB) used in this study were provided from 
Sigma Chemical Co. (St. Louis, MO, USA). 
Mannitol, sucrose, monopotassium phosphate 
(KH2PO4), ethylenediaminetetraacetic acid 
(EDTA), phosphoric acid, disodium hydrogen 
phosphate (Na2HPO4), methanol, HCl, Folin -
Ciocâlteu, gallic acid, sodium carbonate, 
potassium acetate, sodium acetate, dimethyl 
sulfoxide (DMSO), and n-butanol used in this 
study were provided by Merck (Darmstadt, 
Germany). Superoxide dismutase (SOD) detection 
kits were obtained from ZellBio GmbH, Germany 
(Catalog number: ZX-44108). Alanine 
transaminase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), total 
cholesterol (TC), TG, high-density lipoprotein 
(HDL), and low-density lipoproteins (LDL) kits 
were purchased from Pars Azmoon, Tehran, Iran. 
All other chemicals and solvents were of the 
highest available grade. 
 
Preparation of MG extract 

The MG samples (Fig. S1) were obtained from 
the Vandchali Center in Qaem Shahr, 
Mazandaran, Iran (batch number: 332992), then 
meticulously prepared for the extraction process. 
A voucher specimen (MAZ-A6-0101-001) was 
formally archived in the herbarium of Mazandaran 
University of Medical Sciences. The fermented 
biomass was carefully dried at 50 °C and 
subsequently ground using an electric grinder. The 
extraction process involved continuous maceration 
using 2 L of 70% ethanol solvent (hydroalcoholic). 
To initiate the extraction, an exact quantity of 200 
g of dried and ground fermented biomass material 
was carefully positioned in a properly sized 
decanter funnel equipped with a cotton filter at the 
base. A 70% ethanol (hydroalcoholic) solvent was 
added to cover the fermented biomass completely, 
with an additional 3-cm layer above. The decanter 
was sealed and left undisturbed at room 

temperature for 48 h, following which the 
hydroalcoholic extract was allowed to drain by 
opening the valve. 

Subsequent phases involved concentrating the 
extract using a rotary evaporator (Heidolph, 
Germany) under vacuum conditions, with the 
temperature maintained below 40 °C. The 
concentrated extracts were then subjected to 
freeze-drying (Zirbus, Germany) at temperatures 
of -45 °C to yield a powdered form. This powdered 
extract was carefully stored in glass containers 
within a refrigerator to preserve its integrity and 
quality for subsequent toxicological evaluations. 
The utilization of this preserved powdered material 
ensured the reliability of the toxicological tests 
conducted in this study (25). 
  
Essential oil extraction and GC-MS analysis 

Essential oils were extracted from 100 g of 
finely milled fermented biomass (particle size: 0.5-
1 mm) using hydro-distillation with a Clevenger-
type apparatus over 4 h. To enhance oil recovery, 
3 mL of hexane was added. After extraction, the 
oils were dried using anhydrous sodium sulfate to 
eliminate residual moisture. 

Gas chromatography-mass spectrometry (GC-
MS) analysis (Agilent, USA) was performed on 
the oils using an HP-5ms capillary column (30 m 
× 0.25 mm i.d., 0.25 μm film thickness) and helium 
as the carrier gas. An injection volume of 1 µL was 
employed (split ratio of 10:1). The injector 
temperature was set at 250 °C. The oven 
temperature was programmed to rise from 60 °C 
to 220 °C at a rate of 5 °C per minute, with a final 
isothermal hold at 220 °C for 10 min. Compound 
identification was achieved by comparing 
retention indices with authentic standards or 
reference spectra from the W10N14.L and 
NIST14.L libraries (26,27). 

 

 
 
Fig. S1. Samples of Medusomyces gisevii were obtained 
before the extraction process. 
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Measurement of DPPH radical-scavenging 
activity 

The free radical scavenging efficacy of 
HEMG against stable diphenyl-1-
picrylhydrazyl (DPPH) was assessed using 
spectrophotometric techniques employing the 
Blois method. The reduction in the absorption 
of the resultant solution signifies the 
compound's ability to scavenge free radicals. 
The characteristic dark purple color of DPPH in 
its stable state diminishes upon exposure to 
antioxidant agents. 

To initiate the experiment, 1.5 mL of DPPH 
solution (0.15 mM) in methanol was mixed 
with different concentrations of HEMG and 
vitamin C as the standard compound. Following 
a 30-min incubation period in darkness at room 
temperature, the absorbance of the solutions 
was measured at 517 nm. The percentage 
inhibition of the DPPH radical was determined 
using the following equation: 

𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 ൌ
𝐴0 െ  𝐴𝑆

𝐴0
 ൈ 100 

where A0 represents the absorbance of the 
DPPH solution without the sample, and AS is 
the absorbance of the sample mixed with 
DPPH. 

Finally, the EC50 value and the concentration 
of the sample required to scavenge 50% of the 
DPPH free radical were calculated based on the 
standard curve (28,29). All experimental 
procedures were conducted in triplicate to 
ensure the reliability and accuracy of the 
results. 
 
Determination of total phenolic content  

The total phenolic content (TPC) was measured 
using the Folin-Ciocalteu reagent with gallic acid 
as the standard reference in a spectrophotometric 
method with minor procedural adjustments. A 
solution was prepared by combining 25 mL of 
distilled water, 1 mL of the sample, 5 mL of Folin-
Ciocalteu's reagent, and 4 mL of 6% Na2CO3. This 
mixture was incubated at room temperature for 60 
min. Following the incubation period, the 
absorbance was measured at 765 nm, with a blank 
sample serving as the control reference. 

The quantification of TPC was achieved 
through a standard curve established using 
gallic acid at concentrations of 6.25, 12.5, 25, 
50, 100, and 200. The results were expressed as 

milligrams of gallic acid equivalents (GAE) per 
gram of dried extract (30). 
 
Determination of total tannin content  

Tannins were extracted from the sample, and 
the remaining phenolic compounds were 
quantified using the Folin-Ciocalteu method. The 
total phenolic content was compared in the 
presence and absence of tannins to determine the 
total tannin content (TTC), with 
polyvinylpolypyrrolidone (PVPP) employed as a 
tannin-binding agent. 

Initially, 100 mg of PVPP was precisely 
weighed and deposited into a 100 × 12 mm test 
tube. Subsequently, 1.0 mL of distilled water 
and 1.0 mL of the tannin-rich extract were 
added to the tube. The solution was thoroughly 
mixed using vortexing and then placed in an 
incubator at 4 °C for 15 min. Following another 
round of vortexing, the tube underwent 
centrifugation at 3000 g for 10 min, separating 
a supernatant containing only simple phenolics 
from the tannins that had precipitated with the 
PVPP. 

The phenolic content of the supernatant was 
determined using standard procedures, ensuring 
the extraction of at least double the volume 
(preferably triple) to accommodate the two-fold 
dilution of the extract and the expected loss of 
tannin-phenols due to their interaction with 
PVPP. Ultimately, the non-tannin phenolic 
content was reported based on the dry matter 
content (30). 
 
Analysis of comprehensive ash content 

The total ash content of the fermented biomass 
powder was determined by incinerating 10 g in a 
pre-weighed crucible at 600 °C for 6 h until a 
constant weight was achieved. Acid-insoluble ash 
was evaluated by treating the total ash with 
hydrochloric acid (HCl) and filtering through 
ashless paper. For sulfated ash quantification, 1 g 
of fermented biomass powder was mixed with                  
10 mL of sulfuric acid and heated at 600 °C for 
30 min . 

The water-soluble and water-insoluble ash 
fractions were determined by boiling the total 
ash in distilled water, filtering, and weighing 
the remaining residue. All tests were conducted 
thrice to ensure precision and reproducibility 
(27). 
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Animal studies 
A total of 63 male albino mice, weighing 27 

± 2 g and aged between 8 and 10 weeks,                   
were obtained from the Animal Research 
Institute at Mazandaran University of                     
Medical Sciences in Sari, Iran. These mice      
were acclimatized for two weeks in                   
standard conventional cages under controlled 
conditions of 25 ± 1 °C and a 12/12-h light/dark 
cycle, and were provided with unrestricted 
access to food and water. All experimental 
protocols were conducted in accordance                  
with the guidelines approved by the                 
Research Ethics Committee of Mazandaran 
University of Medical Sciences, Iran 
(IR.Mazums.4.Rec.1402.16124). 

In the research, the mice were randomly 
divided into seven groups (9 per group) as 
follows: (1) ND: mice on a normal diet (ND) 
with free access to water; (2) HFD: mice                      
on a high-fat diet (HFD, 58% fat) with a 10% 
w/v fructose solution as the drinking beverage; 
(3) VIT E: mice on a HFD supplemented                   
with oral gavage of vitamin E at 20 mg/kg 
(BW/day); (4-7) HEMG: mice on a                            
HFD supplemented with oral gavage of                
HEMG at 62.5, 125, 250, and 500 mg/kg 
BW/day. NAFLD was induced in the                         
HFD groups during 12 weeks, as confirmed                 
by biochemical and histological markers.                
After the establishment of the NAFLD, the 
administration of vitamin E and HEMG extracts 
via gavage lasted for 8 weeks, with the entire 
experimental period spanning 20 weeks. The 
dietary compositions utilized in this 
investigation are outlined in Table 1 (31,32). 
The duration and doses of HEMG used in a 
dose range were based on previous 
experimental studies that employed a similar 
dosage (33-35). The dosage of vitamin                    
E used (20 mg/kg) was based on prior 
experimental studies that utilized a similar 
amount and demonstrated an antioxidant effect, 
reducing oxidative stress in mice with NAFLD 
(36-38). 

Throughout the experimental duration, food 
consumption was monitored every two days, 
and body weight was recorded weekly. After 20 
weeks, the mice were humanely euthanized 
using ketamine/xylazine (50 and 10 mg/kg, 
respectively; i.p) following a 12-h fast.                  

Blood samples were collected via cardiac 
puncture immediately post-mortem, and                   
serum was isolated by centrifugation at                   
3,500 rpm for 10 min at 4 °C, then stored at -80 
°C for subsequent analysis. Tissues were 
promptly weighed and stored at -80 °C for 
further examination or preserved in 10% 
buffered formalin for histopathological 
assessments (1). 
 
Analysis of serum enzyme markers 

Levels of ALT, AST, ALP, TC, TG, LDL, 
and HDL were measured using assay kits                   
and a fully automated biochemical analyzer 
(25,39). 
 
Liver mitochondria isolation 

Liver tissues were excised, washed                   
with cold buffer at 4°C, minced, and 
homogenized. Mitochondria were isolated from 
the homogenate through differential 
centrifugation to explore mitochondrial 
oxidative stress markers. The isolated 
mitochondria were suspended in Tris buffer for 
evaluating mitochondrial function and 
oxidative damage, including measuring 
glutathione (GSH), lipid peroxidation                   
(LPO), protein carbonyl (PC) levels, and the 
enzymatic activities of catalase (CAT) and 
SOD. ROS assessment was conducted by 
resuspending mitochondria in a respiration 
buffer (40).  

 

 
Table 1. Dietary compositions used in this study. 

Component 
Normal diet 
(%) 

High-fat 
diet (g) 

Normal diet - 150  
Soy protein - 500  
Butter - 810  
Mineral mix - 30  
Vitamin mix - 10 
Crude protein 23 - 
Salt 0.5 - 
Calcium 1 - 
Phosphorus 0.65 - 
Tryptophan 0.25 - 
Methionine 0.33 - 
Lysine 1.15 - 
Threonine 0.7 - 
Crude fat 4 - 
Crude fiber 4 - 
Total weight (g) 1000 1500 
Calories from fat (%) 15 58 
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Protein concentration measurement 
The protein concentrations in each sample 

were assessed in the isolated heart mitochondria 
using the Bradford method, employing bovine 
serum albumin as the standard reference. In 
summary, samples were incubated with 
Coomassie blue, and after a 10-min incubation 
period, the absorbance was measured at 595 nm 
using a spectrophotometer (UV-1601 PC, 
Shimadzu, Japan) (40). 
 
Mitochondrial function assessment (MTT assay) 

An MTT evaluation protocol was utilized to 
assess mitochondrial viability. Samples 
containing 0.5 mg/mL of mitochondria were 
incubated with MTT (5 mg/mL solution in 
phosphate-buffered saline) for 30 min. The 
formazan produced by the mitochondria was 
subsequently quantified using an ELISA reader 
(BioTek, USA) at 570 nm (25,40). 
 
Analysis of oxidative stress parameters 
Determination of mitochondrial ROS 

The ROS levels were assessed using the 
DCFH-DA reagent, which was prepared by 
dissolving 1.2 mg of DCFH-DA in 1 mL of 
ethanol. Initially, 10 μL of DCFH-DA was added 
to 1000 μL of the sample and incubated at 4 °C 
for 15 min. Following this incubation, a 
spectrofluorimeter (Jasco, Japan) was utilized to 
measure the absorbance at an excitation 
wavelength of 480 nm and an emission 
wavelength of 520 nm (40). 
 
Measurement of mitochondrial PC 

PC content was assessed via the DNPH assay. 
First, 100 μL of each sample was combined with 80 
μL of 20% (w/v) trichloroacetic acid and incubated 
at 4 °C for 15 min. After centrifugation at 6,500 g 
for 10 min, the resulting pellet was resuspended in 
500 μL of 0.1 M NaOH. Subsequently, 500 μL of 
10 mM DNPH in 2 M HCl was added and 
incubated for 30 min. Absorbance was measured at 
365 nm using an extinction coefficient of 22,000 M-

¹ cm-¹ (40). 
 
Measurement of mitochondrial LPO 

Lipid peroxidation was evaluated by monitoring 
the formation of thiobarbituric acid reactive 
substances (TBARs), with malondialdehyde (MDA) 
concentration measured in μM as an indicator. To 

assess this, a 0.2 mL tissue homogenate was 
combined with 0.1 mL of TBA reagent, which 
consisted of 15% w/v TCA and 0.3% w/v TBA 
dissolved in 0.5 N HCl. After thorough mixing, the 
samples were boiled for 30 min and then cooled in 
an ice bath. Following this, 0.2 mL of n-butanol 
was added. The n-butanol layer was separated 
through centrifugation at 1,500 g for 10 min. 
Finally, the absorbance of the n-butanol layer was 
measured at 532 nm using an ELISA reader 
(BioTek, USA), and the quantity of TBARs was 
determined using a standard curve (40). 
 
Measurement of mitochondrial GSH content 

To determine the GSH content, 0.25 mL of 
20% trichloroacetic acid was added to 1 mL of the 
mitochondrial fraction. After centrifugation at 
1000 g for 20 min, 1 mL of the resulting clear 
supernatant was collected. To the supernatant, 
2 mL of 0.3 M sodium hydrogen phosphate and 
0.5 mL of 0.4% DTNB (prepared fresh on the 
same day, pH 7.2) were added to each sample, 
followed by a 15-min incubation. The absorbance 
was then measured at 412 nm, and the 
concentration of the sample was calculated and 
expressed in μM based on the standard curve of 
glutathione (30,40). 
 
Antioxidant enzyme assay 

To assess CAT activity, a test tube was 
combined with 20 µL of the mitochondrial fraction 
and with Tris buffer. Following this, 4800 µL of the 
reaction medium, consisting of sodium phosphate 
buffer (50 mM, pH 7.0) and H2O2 (10 mM), was 
added. The absorbance was measured at a 
wavelength of 240 nm. The activity of SOD was 
evaluated using an SOD assay kit according to the 
manufacturer's instructions (41,42). 
 
Liver histopathology 

Liver tissue specimens were fixed in 10% 
buffered formalin, subsequently embedded in 
paraffin, and sectioned to a thickness of 5 μm for 
hematoxylin and eosin (H&E) staining. 
Subsequently, an experienced pathologist 
examined the prepared slides under a light 
microscope to evaluate histopathological changes. 

 
Statistical analysis 

The results were presented as mean ± SD. 
Statistical analyses were conducted using 
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GraphPad Prism software, version 8. One-way 
analysis of variance (ANOVA) was performed, 
followed by the post-hoc Tukey test to compare 
the means. P-values < 0.05 were considered 
statistically significant. 
 

RESULTS 
 
GC-MS analysis of essential oil 

The chemical composition of MG essential 
oil was investigated using GC-MS. The total            

oil was evaluated using GC-MS. The total ion 
chromatogram (TIC) showed 40 distinct peaks 
identified during the 55-min run                   
time (Fig. 1). Major compounds in the                  
essential oil sample included cyclohexanol 
(7.93% of total peak area), carvacrol                   
(6.52%), phenol (6.36%), cyclotetrasiloxane 
(5.27%), ethylene brassylate (4.96%), L-
menthone (4.40%), and oxime-, methoxy-
phenyl- (4.25%) (Table 2). 

 

 
Fig. 1. Gas chromatography-mass spectrometry chromatogram of Medusomyces gisevii L. essential oil. 
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Table 2. Percentage composition of the gas chromatography-mass spectrometry chromatogram of Medusomyces 
gisevii L. essential oil. 

Compound 
RT  
(min) 

RI 
Area  
(%) 

Oxime-, methoxy-phenyl-_  8.97 940 4.25 

6,6-Dimethyl-4,8-dithiaundecan-1,11-Diol 10.25 974 1.23 

Cyclotetrasiloxane, octamethyl- 11.46 1007 5.27 

Adenosine 14.68 1103 0.52 

5-hydroxy-8,8-dimethyl-4-phenylpyrano[2,3-h]chromen-2-one 15.35 1124 0.50 

Methyl 5-amino-2-[(3-chlorophenyl)amino]-1,3-oxazole-4-carboxylate 15.49 1128 1.18 

L-Menthone 16.25 1153 4.40 

6-Aza-5,7,12,14-tetrathiapentacene 16.52 1162 3.15 

Cyclohexanol, 5-methyl-2-(1-methylethyl)- 16.90 1174 7.93 

3-Cyclohexene-1-methanol, alpha,alpha,4-trimethyl-, 1-acetate, (1r)- 17.44 1192 0.96 

Dianhydromannitol 18.04 1206 3.35 

8-Methyl-7-phenyl-2,4-di-n-piperidinoimidazo[1,2-f]purine 19.90 1240 0.59 

Phenol, 2-methyl-5-(1-methylethyl)- 20.55 1252 6.36 

Carvacrol 20.80 1257 6.52 

Cyclohexasiloxane, dodecamethyl- 21.38 1267 2.32 

Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-8-methylene-,[1r-(1r*,4z,9s*)]- 23.62 1418 1.50 

3,5-Dimethylamphetamine 25.16 1480 0.96 

Cycloheptasiloxane, tetradecamet- 25.73 1501 2.55 

MDMA methylene homolog 27.50 1540 1.37 

5-APB 27.61 1543 0.60 

(1ar,4s,4ar,7r,7as,7bs)-1,1,4,7-Tetramethyldecahydro-1h-cyclopropa[e]azulen-4-ol 27.82 1547 4.05 

Pyrido[3,4-d]imidazole, 1,6-dicarboxylic acid 27.97 1551 0.82 

Methyl 3-oxo-2-pentylcyclopentaneacetate 29.28 1579 1.76 

Cyclooctasiloxane, hexadecamethyl- 29.62 1587 1.50 

Cycloserine 32.89 1757 0.66 

1,1,1,5,7,7,7-Heptamethyl-3,3-bis(trimethylsiloxy)tetrasiloxane 32.99 1759 1.10 

1,2-Benzenedicarboxylic acid, bis(trimethylsilyl) ester 33.75 1775 2.49 

2-Pyridinepropanoic acid 34.03 1781 0.78 

Dibutyl phthalate 35.59 1963 1.72 

Tetradecamethylcycloheptasiloxane 36.03 1986 0.90 

Piperidinol 36.19 1994 0.73 

Ethylene brassylate 36.53 2012 4.96 

N-Desmethyltapentadol 36.84 2027 0.52 

1-Octadecanamine, n-(1-methylethyl)- 38.58 2113 1.23 

Satratoxin h 39.11 2134 1.53 

Acetamide, 2-(hydroxyimino)-n-(4-methoxyphenyl)- 40.04 2170 2.60 

Butyl citrate 40.61 2193 2.61 

Carbamic acid, N-(cyanomethyl)-, ethyl ester 43.97 2320 1.30 

trans-3,5-Dihydroxycyclopent-1-ene 45.86 2423 1.35 

Di-(2-ethylhexyl)phthalate 47.31 2499 3.89 

RT, Retention time; RI, retention indices on DB-5. 
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Antioxidant activity, TPC, and TTC 
The DPPH free radical scavenging activity 

(IC50 value) of HEMG was determined and is 
detailed in Table 3. HEMG exhibited a DPPH 
free radical activity of 50.14 ± 3.56,                        
while ascorbic acid (used as a standard)        
showed an IC50 value of 9.46 ± 2.21 μg/mL, 
indicating HEMG's strong free radical 
scavenging ability. Furthermore, HEMG's total 
phenolic and tannin content, expressed as mg of 
GAEs per g and mg per g of dried extract, 
varied based on the extraction solvent, as 
outlined in Table 3.  
 
Determination of Ash content 

Analysis of the MG sample revealed total 
ash content of 18.38%, with specific                              

ash content of 18.38%, with definite 
percentages for water-soluble ash (2.84%), 
water-insoluble ash (14.57%), acid-insoluble 
ash (5.73%), and sulfated ash (20.94%). 
 
Effects of different doses of HEMG on serum 
biochemical parameters in NAFLD mice 

The study demonstrated that serum                   
ALT, AST, ALP, TC, TG, and LDL                   
levels in serum were significantly                   
altered in HFD-induced NAFLD mice 
compared to the ND groups. Treatment                  
with HEMG (250 and 500 mg/kg) led to                   
significant improvements in these parameters, 
while also positively affecting HDL levels 
(Figs. 2-8). 

Table 3. Antioxidant activity, TPC, and TTC of HEMG. Data are expressed as means ± SD, n = 3. 

Samples DPPH (IC50, μg/mL) TPC (mg GAEs/g) TTC (mg/g) 

HEMG 50.14 ± 3.56 73.47 ± 0.85 62.56 ± 1.30 

Ascorbic acid 9.46 ± 2.21 - - 

HEMG, Hydroalcoholic extract of Medusomyces gisevii; DPPH, 2,2-diphenyl-1-picrylhydrazyl; TPC, total phenolic content; GAE, gallic acid 
equivalent; TTC, total tannin content. 

 

 
 
Fig. 2. Effect of different doses of HEMG administration 
on serum ALT levels. Data are presented as mean ± SD 
of 9 animals in each group. ***P < 0.001 indicates a 
significant difference in comparison with the ND group; 
###P < 0.001 versus HFD-treated group. HEMG, 
Medusomyces gisevii; ALT, alanine transaminase; ND, 
normal diet; HFD, high-fat diet. 
 
 
 

 

 
 
Fig. 3. Effect of different doses of HEMG administration 
on serum AST levels. Data are presented as mean ± SD 
of 9 animals in each group. ***P < 0.001 indicates a 
significant difference in comparison with the ND group; 
###P < 0.001 versus the HFD-treated group. HEMG, 
Medusomyces gisevii; AST, aspartate aminotransferase; 
ND, normal diet; HFD, high-fat diet. 
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Fig. 4. Effect of different doses of HEMG administration 
on serum ALP levels. Data are presented as mean ± SD 
of 9 animals in each group. ***P < 0.001 indicates a 
significant difference in comparison with the ND group; 
##P < 0.01 and ###P < 0.001 versus the HFD-treated 
group. HEMG, Medusomyces gisevii; ALP, alkaline 
phosphatase; ND, normal diet; HFD, high-fat diet. 
 
 

 
Fig. 5. Effect of different doses of HEMG administration 
on serum TC levels. Data are presented as mean ± SD of 
9 animals in each group. ***P < 0.001 indicates a 
significant difference in comparison with the ND group; 
##P < 0.01 and ###P < 0.001 versus the HFD-treated 
group. HEMG, Medusomyces gisevii; TC, total 
cholesterol; ND, normal diet; HFD, high-fat diet. 
 

 
Fig. 6. Effect of different doses of HEMG administration 
on serum triglyceride levels. Data are presented as mean 
± SD of 9 animals in each group. ***P < 0.001 indicates a 
significant difference in comparison with the ND group; 
###P < 0.001 versus the HFD-treated group. HEMG, 
Medusomyces gisevii; ND, normal diet; HFD, high-fat 
diet. 

 

 
Fig. 7. Effect of different doses of HEMG administration 
on serum LDL levels. Data are presented as mean ± SD 
of 9 animals in each group. ***P < 0.001 indicates a 
significant difference in comparison with the ND group; 
##P < 0.01 and ###P < 0.001 versus the HFD-treated 
group. HEMG, Medusomyces gisevii; LDL, low-density 
lipoproteins; ND, normal diet; HFD, high-fat diet. 
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Fig. 8. Effect of different doses of HEMG administration 
on serum HDL levels. Data are presented as mean ± SD 
of 9 animals in each group. ***P < 0.001 indicates a 
significant difference in comparison with the ND group; 
###P < 0.001 versus the HFD-treated group. HEMG, 
Medusomyces gisevii; LDL, high-density lipoproteins; 
ND, normal diet; HFD, high-fat diet. 
 
 

 
Fig. 9. Effect of different doses of HEMG administration on 
mitochondrial function in isolated mitochondria from mouse 
liver cells. Data are presented as mean ± SD of 9 animals in 
each group. ***P < 0.001 indicates a significant difference in 
comparison with the ND group; #P < 0.05 and ##P < 0.01 
versus the HFD-treated group. HEMG, Medusomyces gisevii; 
ND, normal diet; HFD, high-fat diet. 
 

 
Fig. 10. Effect of different doses of HEMG 
administration on ROS formation in isolated 
mitochondria from mouse liver cells. Data are presented 
as mean ± SD of 9 animals in each group. ***P < 0.001 
indicates a significant difference in comparison with the 
ND group; ##P < 0.01 and ###P < 0.001 versus the HFD-
treated group. HEMG, Medusomyces gisevii; ND, normal 
diet; ROS, reactive oxygen species.  

 

 
Fig. 11. Effect of different doses of HEMG 
administration on protein carbonyl level in isolated 
mitochondria from mouse liver cells. Data are presented 
as mean ± SD of 9 animals in each group. ***P < 0.001 
indicates a significant difference in comparison with the 
ND group; ###P < 0.001 versus the HFD-treated group. 
HEMG, Medusomyces gisevii; ND, normal diet.  
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Effects of different doses of HEMG on 
oxidative stress parameters in NAFLD mice 

The results of the current study indicated that 
mitochondrial function (MTT assay) was 
significantly reduced in the liver tissues of 
HFD-treated mice (63.80%) compared to the 
ND group. However, mitochondrial function 
significantly improved in the HEMG-treated 
group (500 mg/kg) to 84.33% when compared 
to the HFD-treated group (Fig. 9). 

ROS levels were significantly elevated in 
HFD-treated mice compared to the normal diet 
group. HEMG treatment at 250 and 500 mg/kg 
significantly reduced ROS levels (Fig. 10). 

PC levels were significantly elevated in 
HFD-treated mice compared to the ND group. 
However, a significant decrease in PC content 
was observed after HEMG treatment when 
compared with the HFD-treated group (Fig. 11). 

The levels of MDA, as a lipid peroxidation 
product, were measured in this study. The 
results showed that the MDA levels 
significantly increased in HFD-treated mice 
compared to the ND group. Mitochondrial 
MDA levels significantly decreased in HEMG-

treated groups at the doses of 62.5, 125, 250, 
and 500 mg/kg when compared with the HFD-
treated group (Fig. 12). 

GSH content was measured in the liver 
mitochondria, which was significantly reduced 
in HFD-treated mice compared to the ND 
group. Mitochondrial GSH content increased 
considerably in HEMG-treated groups at doses 
of 62.5, 125, 250, and 500 mg/kg when 
compared to the HFD-treated group (Fig. 13). 

In this study, the CAT activity significantly 
decreased in HFD-treated mice when compared 
to the ND group. CAT activity in the mice liver 
mitochondria significantly increased by HEMG 
administration at the doses of 125, 250, and 500 
mg/kg as compared to the HFD-treated group 
(Fig. 14). 

The activity of the enzyme SOD was 
measured in the liver mitochondria of mice. A 
significant decrease in SOD activity was 
observed in the HFD-treated mice compared to 
the ND group. However, after administering 
HEMG (500 mg/kg), there was a significant 
increase in SOD activity compared to the                
HFD-treated group (Fig. 15). 

 
 

 
 
Fig. 12. Effect of different doses of HEMG 
administration on MDA level in isolated mitochondria 
from mouse liver cells. Data are presented as mean ± SD 
of 9 animals in each group. ***P < 0.001 indicates a 
significant difference in comparison with the ND group; 
#P < 0.05, ##P < 0.01, ###P < 0.001 versus the HFD-treated 
group. HEMG, Medusomyces gisevii; ND, normal diet; 
MDA, malondialdehyde.  

 
Fig. 13. Effect of different doses of HEMG 
administration on GSH level in isolated mitochondria 
from mouse liver cells. Data are presented as mean ± SD 
of 9 animals in each group. ***P < 0.001 indicates a 
significant difference in comparison with the ND group; 
#P < 0.05, ##P < 0.01, ###P < 0.001 versus the HFD-treated 
group. HEMG, Medusomyces gisevii; ND, normal diet; 
GSH, glutathione.  
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Fig. 14. Effect of different doses of HEMG 
administration on CAT level in isolated mitochondria 
from mouse liver cells. Data are presented as mean ± SD 
of 9 animals in each group. ***P < 0.001 indicates a 
significant difference in comparison with the ND group; 
##P < 0.01 and ###P < 0.001 versus the HFD-treated 
group. HEMG, Medusomyces gisevii; ND, normal diet; 
CAT, catalase.  
 

 
 
Fig. 15. Effect of different doses of HEMG 
administration on SOD level in isolated mitochondria 
from mouse liver cells. Data are presented as mean ± SD 
of 9 animals in each group. ***P < 0.001 indicates a 
significant difference in comparison with the ND group; 
###P < 0.001 versus the HFD-treated group. HEMG, 
Medusomyces gisevii; ND, normal diet; SOD, superoxide 
dismutase.  
 

 
Fig. 16. Effect of different doses of HEMG administration on liver histopathological changes in the liver tissue of mice 
(magnification ×400). The liver sections of mice fed an ND or HFD were stained with hematoxylin and eosin (H&E; 
scale bars: 50 μm). HEMG, Medusomyces gisevii; ND, normal diet; HFD, high-fat diet. 
 
Effects of different doses of HEMG on 
histopathological changes in liver tissue 

Histopathological examination revealed that 
HFD-induced NAFLD mice exhibited fatty 
liver development characterized by increased 
lipid droplets. Treatment with HEMG, 

particularly at 500 mg/kg/BW/day, 
significantly reduced hepatic lipid droplets and 
improved liver conditions, mitigating hepatic 
steatosis (Fig. 16 and Table 4). These results 
underscore the potential of HEMG treatment in 
ameliorating hepatic steatosis in NAFLD mice. 
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Table 4. Grading of hepatic steatosis in NAFLD mice after administration of different doses of HEMG. 

Histopathological 
Finding 

ND HFD 
HEMG  
(62.5 mg/kg) 

HEMG 
(125 mg/kg) 

HEMG  
(250 mg/kg) 

HEMG  
(500 mg/kg) 

Vit E  
(20 mg/kg) 

Steatosis 0 +++ ++ ++ + 
0 (Nearly normal 
liver tissue) 

0 (Less than 5% 
steatosis) 

+, Mild steatosis (grade 1); ++, moderate steatosis (grade 2); +++, severe steatosis (grade 3); HEMG, hydroalcoholic extract of Medusomyces gisevii; 
ND, normal diet; HFD, high fat diet. 

 
DISCUSSION 

 
NAFLD stands as a prevalent liver disorder 

and a significant consequence of obesity and 
metabolic syndrome. Our research establishes the 
efficacy of administering a HEMG in reducing 
liver fat accumulation and addressing various 
liver histopathological issues, notably steatosis 
induced by an HFD. 

While ongoing investigations into the effects 
of MG extract on NAFLD are progressing, 
existing studies emphasize the potent anti-obesity 
properties of extracts (43,44). The relationship 
between improvements in biochemical factors 
and hepatic steatosis observed in 
histopathological examinations is relative. 
Typically, biochemical factors show 
improvement first, while histopathological 
damage, such as steatosis and inflammation, 
improves more gradually over time. It is 
important to emphasize that fatty liver disease is 
reversible, but it can recur if there is a lack of 
physical activity and weight gain. This study 
demonstrates that HEMG intervention effectively 
normalized abnormal serum levels of ALT, AST, 
ALP, TG, TC, LDL, and HDL in HFD-exposed 
mice. Moreover, evaluations of liver pathology 
indicated a significant reduction in hepatic lipid 
droplet presence following HEMG treatment. 
Previous animal studies have suggested 
beneficial effects of Kombucha tea on serum 
factors and histopathological liver damage 
(34,35,45). Several studies have identified the 
chemical constituents of Kombucha from diverse 
regions (46,47). Employing GC/MS technology, 
for the first time, we categorized 40 odor-active 
compounds of MG into eight groups, including 
alcohols, ketones, alkenes, esters, alkanes, 
aromatics, acids, and ethers. In this study, we 
identified cyclohexanol, 5-methyl-2-(1-
methylethyl)-, as a prominent compound in MG 
essential oil. Notably, polyphenols and other 
phytochemical compounds have been linked to 
the antioxidant effects of HEMG (48-50). The 

antioxidant analysis results from the DPPH assay 
highlighted HEMG's substantial antioxidant 
capacity, although lower than that of vitamin C. 
Furthermore, our assessment of TPC and TTC of 
HEMG revealed elevated levels of total phenolics 
and tannins, consistent with prior investigations 
across diverse experimental models (50-52). 
Thus far, no studies have examined the potential 
toxicity, side effects, or long-term safety of 
HEMG. These important issues require further 
investigation. 

The role of oxidative stress in NAFLD 
complications has been well-documented in 
laboratory models (53,54). This study unveiled a 
notable reduction in mitochondrial function in the 
NAFLD group compared to controls, with a 
marked enhancement in mitochondrial function 
observed following HEMG administration, 
particularly at the highest dose. Previous research 
has indicated that lipid accumulation in 
hepatocytes triggers mitochondrial dysfunction, 
leading to increased oxidative stress levels 
(55,56). 

It is known that HFD-induced tissue damage 
due to oxidative stress can occur through 
increased ROS generation and direct depletion of 
antioxidant reserves (57,58). Mitochondrial 
dysfunction can precipitate oxidative stress, 
creating a cycle characterized by elevated 
mitochondrial ROS and subsequent organelle 
dysregulation (30). In the context of this study, we 
hypothesized that HEMG significantly mitigates 
ROS formation. Notably, Mun et al. 
demonstrated a significant reduction in ROS 
formation in mice co-supplemented with a water 
extract of Curcuma longa L. and an HFD (1).  

PC serves as a reliable marker for assessing 
oxidative stress conditions, with its implications 
in NAFLD development and progression 
warranting further investigation. Recent insights 
suggest that protein carbonylation may behave as 
a thiol-mediated signaling mechanism, with 
thioredoxin activity playing a crucial role in 
reducing protein carbonylation levels (59,60). 
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The present study aligns with established research 
by demonstrating increased protein carbonylation 
in the NAFLD group, meaningfully alleviated 
post-HEMG administration. 

MDA, a recognized indicator of oxidative 
stress, reflects excessive lipid peroxidation (61). 
Studies have demonstrated that oxidative damage 
stems from excessive production of lipid 
peroxidation molecules, protein oxidation 
products, and diminished activity of antioxidant 
enzymes (62). Elevated MDA levels can lead to 
oxidative damage to cell membranes, proteins, 
nucleic acids, and other biomolecules by binding 
with them, with hepatic MDA levels reflecting 
hepatocyte lipid peroxidation extent (63). Our 
research demonstrated higher liver MDA levels in 
HFD mice compared to ND mice, with a 
significant reduction following HEMG 
administration, indicating a reduction in oxidative 
stress. 

Given the liver's significance in detoxification 
and oxidation processes, susceptibility to 
oxidative stress is heightened in vivo. Oxidative 
stress arises from an imbalance between oxidative 
and antioxidant actions, often due to increased 
free radical generation and diminished 
antioxidant activity (64). This study revealed a 
substantial decrease in liver GSH content in the 
model group compared to controls, indicating 
heightened oxidative stress induced by HFD in 
mice. Since GSH content is responsible for the 
decomposition of ROS, the reduction in GSH 
content may make the liver tissue of the examined 
mice more susceptible to oxidative stress (65). 
The antioxidant levels serve as critical indicators 
of cytotoxic damage in liver tissue. HEMG 
functions as an antioxidant, helping to neutralize 
free radicals, enhancing antioxidant enzyme 
activities such as SOD and GSH, while reducing 
MDA levels, a lipid peroxide, in NAFLD mouse 
livers. In our investigation, HEMG treatment, 
particularly at the highest dose, increased damage 
via antioxidant properties. 

Liver function alterations can exacerbate 
oxidative stress effects, compromising 
antioxidant defense system enzymes due to 
elevated reactive species associated with 
NAFLD, thereby compromising non-enzymatic 
and enzymatic antioxidant defenses (66). CAT 
and SOD play crucial roles in combating free 
radicals, offering insights into oxidative stress 

levels. CAT functions in peroxidase 
detoxification by converting toxic peroxides into 
non-toxic compounds, protecting cells from 
peroxidase-induced damage. Meanwhile, SOD, 
an antioxidant metalloenzyme, catalyzes 
superoxide anion radicals' conversion into 
oxygen (O2) and hydrogen peroxide (H2O2) (67). 
This study confirmed alterations in antioxidant 
defense, with HEMG inclusion restoring CAT 
and SOD activities, thereby enhancing redox 
balance and ameliorating impaired antioxidant 
defenses in liver tissues. Moreover, HEMG 
enhanced impaired antioxidant defense systems 
in mice, demonstrated by CAT, SOD, and GSH 
in liver tissues. These findings suggest HEMG 
may possess hepatoprotective properties, 
mitigating damage resulting from oxidative 
stress. 
 

CONCLUSION 
 

The research focuses on the therapeutic 
potential of an HEMG for managing NAFLD, a 
common condition associated with obesity and 
metabolic syndrome. The study demonstrates 
HEMG's effectiveness in reducing liver fat 
accumulation, addressing liver histopathological 
issues such as steatosis induced by an HFD, and 
its antioxidant properties, chemical composition, 
and impact on oxidative stress parameters in 
NAFLD mice. 

Key findings highlight HEMG's ability to 
normalize serum enzyme levels, enhance 
antioxidant enzyme activities, reduce lipid 
peroxidation levels, mitigate oxidative stress in 
liver tissues, impact mitochondrial function, 
protein carbonylation, and GSH levels. The 
reduction in ROS formation and restoration of 
antioxidant defenses by HEMG suggest its 
potential in ameliorating HFD-induced liver 
damage and improving overall liver function. 

The results underscore the importance of 
further research on HEMG and its components in 
NAFLD treatment. Future studies could explore 
molecular mechanisms, optimal dosage, and 
potential therapeutic applications in clinical 
settings. By showcasing HEMG's therapeutic 
advantages, the study proposes valuable insights 
for effective NAFLD treatments and innovative 
interventions in combating this complex liver 
disorder. 
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