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Objective: We developed an innovative food designed for special nutritional needs, intended as an adjuvant in the prevention or treatment 
of non-alcoholic hepatic steatosis. This study evaluates its preclinical effectiveness, with results aimed to inform future clinical trial design in 
more homogeneous patient populations.

Methods: This preclinical experimental study involved 32 Sprague-Dawley rats divided into four groups: a Control group (standard diet), a 
High Fat Diet group (30% and 60% fat), Experimental group 1 (high fat diet followed by innovative food), and Experimental group 2 (high fat 
diet and innovative food administered concurrently). Body weight, urine, blood glucose, and 11 hepatic parameters were measured at the 
end of the induction and intervention phases.

Results: High fat feeding increased energy intake, weight gain, and fat mass, particularly in males. A decrease in food and water intake 
was noted during the induction phase in high fat feeding groups. The High Fat Died group showed persistent signs of liver stress. Experi-
mental group 1 showed consistent improvements, with individual variability in response to innovative food intervention. Experimental group 
2 showed significant results during induction stages, indicating a stronger protective effect.

Conclusions: A high fat feeding with 30% fat over 10 weeks was insufficient to induce hepatic steatosis, while a 60% fat feeding for ad-
ditional 5 weeks successfully induced obesity and liver pathology. Post-induction innovative food intervention reduced weight gain and im-
proved liver biomarkers. Blood glucose, transaminases, alkaline phosphatase, and total cholesterol levels suggest that innovative food has 
protective effects, supporting its potential use in preventing and managing non-alcoholic fatty liver disease. 
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Introduction 
Metabolic dysfunction-associated fatty liver disease 
(MAFLD), previously termed non-alcoholic fatty liver dis-
ease (NAFLD), is the most prevalent chronic liver disorder 
globally [1]. Its prevalence varies across the globe, affecting 
an estimated 25% of the population globally [2]. The over-
all prevalence increased significantly over time to 38%, and 
was significantly higher in men than in women (40% vs 
26%) [3].  Its overall incidence continues to rise alongside 
obesity and type 2 diabetes, and was estimated to be 47 
cases per 1000 person/year rates [3, 4]. 

MAFLD is defined by hepatic steatosis in association 
with metabolic risk factors such as insulin resistance, hy-
pertension, and dyslipidemia [4]. It is now recognized as 
a multisystem disease contributing significantly to cardio-
vascular and liver-related morbidity and mortality [5].

Lifestyle and diet are key contributors to MAFLD onset 
and progression [6]. Excessive consumption of saturated 
fats, refined sugars, and ultra-processed foods promotes 
liver fat accumulation, inflammation, and fibrosis [7]. 
High-fat diet consumption has been associated with mul-
tiple health complications, especially adverse changes in 

mitochondrial activity [8] and thereby affecting cognitive 
functions [9]. Recent work shows the intestinal microbiota 
and ferroptosis have a key role in the pathological progres-
sion of MAFLD, and inhibition of ferroptosis may be-
come a novel therapeutic approach for the treatment [10]. 
Hence, diet-induced rodent models, particularly those fed 
HFD, are widely used in preclinical research to mimic hu-
man MAFLD and test interventions [11].

Sprague-Dawley rats are commonly used due to their 
physiological similarities to humans in metabolism and liv-
er function [12]. However, inconsistencies in HFD com-
position (fat content, type, and source), exposure duration, 
and strain sensitivity limit cross-study comparability [13, 
14]. These variables affect steatosis severity, inflammation, 
and the transition to steatohepatitis or fibrosis [15].

This study aims to evaluate the effectiveness of an in-
novative food (IF) intervention in high fat diet (HFD)-in-
duced MAFLD rat models. By assessing liver morphology 
and function under different dietary conditions, we aim 
to clarify IF’s protective role, promote preclinical insights, 
and support translatable dietary strategies for MAFLD 
prevention and treatment.
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Methods 
The current study is an experimental preclinical research, 
conducted as part of the bachelor’s research project, per-
formed between January and July 2024.

Animals and housing: thirty-two healthy Sprague–
Dawley rats (males and females), six months age (from 
INCDMM Cantacuzino, Bucharest, Romania), weighing 
between 241 g - 292 g (females) and 327 g – 606 g (males), 
were housed under controlled conditions of temperature 
(23 ± 1°C) and humidity (60 ± 5%). All animals were 
housed individually in separate cages with access to stand-
ard rodent food (INCDMM Cantacuzino, Bucharest, Ro-
mania) and tap water. All animals were allowed to acclima-
tize for one week on the normal diet before grouping.

Experimental design: After acclimatization, the rats 
were randomly divided into four groups: the control group 
(M) (n = 8); HFD group (C) (n = 8); experimental group 1 
(E1) (n = 8), and experimental group 2 (E2) (n = 8). The 
control group received standard food (4,178 kcal/g), while 
the HFD group and E1 group received an HFD (30% fat) 
(5,66 kcal/g), and E2 group received 50% HFD (30% fat) 
+ 50% IF concurrently, all for 10 weeks. After 10 weeks 
of Induction stage I (in the absence of hepatic steatosis, 
confirmed by histopathological analyses) the rats fed with 
HFD further received HFD with 60% fat, for an addi-
tional 5 weeks. All groups were fed with a rate of 35 g/day 
and with 500 ml of fresh water per week ad libitum. Post-
induction stage, HFD group continued with HFD and 
the Experimental 1 group followed to receive IF. E2 group 
followed the same diet as the previous – HFD 60% (6,41 
kcal/g) fat and IF administered concurrently.

Nutritional intervention and monitoring stages: the 
study line was divided into two distinct stages: 

Induction of NAFLD: (i) Induction I with HFD 30% 
fat – for 10 weeks and (ii) Induction II with HFD 60% 
fat – for an additional 5 weeks.

Nutritional Intervention with IF: dietary intervention 
with IF for 17 weeks.

Innovative food: according to the invention, the inno-
vative food we have created, is composed mainly of Gri-
fola frondosa and Cordyceps sinensis and has 197,51 kcal 
(828,38 kJ)/100g: 5% fat, 22% carbohydrates, 54% fib-
ers and 16% proteins. The main bioactive components 
of the innovative food are polysaccharides, polyphenols, 
cordycepin and prebiotics, with contribution on metabo-
lism, liver protection and gut microbiome. It is currently 
under patent application at the National Office for Inven-
tions and Trademarks of Romania, with patent application 
no. A 000412/2024 [16].

Laboratory analyses: To monitor each animal, the fol-
lowing measurements were performed at the end of each 
interventional stage: body weight; blood glucose; analysis 
of hepatic biochemical parameters, urinary parameters, 
and histopathology analysis.

Food and water intake were registered weekly, while 
body weight, blood glucose, liver parameters from blood, 

and histopathological analyses were analyzed at the end of 
each stage.

For body weight, as well as for liver and blood glucose 
analyses, the animals were anesthetized via inhalation anes-
thesia using Anesteran (Rompharm), administered by the 
Biobase’s veterinary doctor.

For blood glucose analysis, a glucometer with glucose 
test strips, Contour plus ELITE was used.

The biochemical liver analyses were performed using the 
Element RC automatic biochemistry analyzer, manufac-
tured by Scil (Germany), available in the Biobase Depart-
ment. The analyzer operates based on absorption spectros-
copy at different wavelengths. The absorption spectrum is 
used to detect changes, while the processor calculates the 
concentration of biochemical substances present in the 
blood sample. The analyzer was used in combination with 
Element RC Hepatic test rotors, which measure 11 parame-
ters: albumin (ALB); total protein (TP); globulin (GLOB); 
albumin/globulin ratio (A/G); total bilirubin (TB); gamma 
glutamyl transferase (GGT); aspartate aminotransferase 
(AST); alanine aminotransferase (ALT); alkaline phos-
phatase (ALP); total biliary acids (TBA); total cholesterol 
(TC). The reference values included in the Element RC au-
tomatic biochemistry analyzer were considered.

After induction and intervention stages, histopathologi-
cal examinations were performed at the Histopathology 
Laboratory of George Emil Palade University of Medicine, 
Pharmacy, Science and Technology of Târgu Mureș. 

For statistical analysis, data were analyzed by one-way 
ANOVA followed by Bonferroni post hoc t-tests and pre-
sented as frequencies and percentages. Statistical signifi-
cance was considered for p < 0.05 for all analyses, with 
two-tailed p-values. Missing data were excluded and iso-
lated analytical outliers were removed from analysis.

Ethical statement
Animal care and experimental protocols were approved by 
the Scientific Research Ethic Commission of G.E. Palade 
University of Medicine, Pharmacy, Sciences and Technol-
ogy (approval number: 2711/27.12.2023) and National 
Authority for Veterinary Health and Safety Food (approval 
number: 70/17.01.2024).

Results
Food intake. The average of food intake (kcal/g food) is 
decreasing in groups fed with HFD compared to the con-
trol group with standard food, where de average is increas-
ing. Water intake tends to decrease in all animal groups as 
the percentage of fat in the diet increases.

Body weight has an increasing trend. While the female’s 
body weight has an increasing trend in all groups, in males, 
the body weight growth trend was greater in the control 
group than in the other two groups with HFD, during the 
induction stage (Figure 1).

In the control group, the average weight gain in the fe-
male group was 60-145 g, and the average weight gain in 
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the male group was 160-210 g. In HFD group, all animals 
gained weight over time, especially at the end of the study. 
HFD female trend shows substantial weight gain over the 
study, with more weight than control females (max 194 
g vs. 145 g), suggesting the HFD increased adiposity or 
metabolic intake. HFD male trend showed substantially 
higher maximum weight gain than maximum control 
males, suggesting growth acceleration is evident in HFD 
males (Figure 1).

In E1 group we have observed significant increase dur-
ing induction stage and stabilization after switching to IF 
intervention (p < 0.001). All females gained weight, but 
less than HFD females. Final weights and gains were inter-
mediate between control and HFD females, suggesting the 
effectiveness of food intervention after induction, on HFD 
effects. The male trend shows less weight gain than HFD 
group males and even the control group.

In the E2 group, all females show substantial weight gain, 
with greater gain than E1 and control groups. Their gains 
approach HFD group levels, suggesting E2 intervention 
was less effective for weight control. In the end of induction 
stage, E2 and control groups are significantly heavier than 

E1 (p < 0.05). HFD group is intermediate. In the end of 
study, E2 is significantly heavier than E1 (p < 0.05); other 
pairwise comparisons are not significant after correction. 

Sex has a strong and expected effect on body weight 
across stages, males are larger (p < 0.005).

Body weight significant increases across times, with 
largest overall gain of all groups by study end (p < 0.001). 

Blood glucose measurement. Baseline plasma glucose 
was comparable across groups (ANOVA, p > 0.05). During 
the induction stages glucose rose in several animals with a 
significant time effect and a group and time interaction (p 
< 0.05), indicating that glycemic trajectories differed be-
tween diet groups (Table 1). During the induction stage, 
HFD group showed larger glucose increases in multiple 
animals compared with groups receiving the innovative 
food. By the end of the study many animals fed with IF 
showed partial normalization of glucose, consistent with 
metabolic modulation by the innovative diet.

Liver biochemical analyses. Our results highlight how 
hepatic parameters reflect responses to HFD exposure and 
the effects of IF intervention. Hepatic parameters that ex-
ceed the reference values are highlighted in Table 2.

Fig. 1. Females and males body weight modifications during the study: mean value (g) in M group (normal diet), C group (HFD), E1 group 
(HFD then IF,) and E2 group (HFD + IF concurrently)

Table 1. Blood glucose measurement (mg/dl) in all groups during the study

Rats’ code End of Induction I End of Induction II End of study

M a 151.5 148.8 142

M b 157.5 158.3 160.3

C a 111 131.7 130.7

C b 143.3 154.3 153

E1 a 124.8 140.5 150.7

E1 b 155.3 173 148.3

E2 a 137.8 149 149.7

E2 b 159 154.3 161.7
Data are presented as mean value; a - females; b - males
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Serum protein indicators (ALB and TP)
Serum ALB and TP concentrations remained within nor-
mal or near to normal physiological limits for Sprague-
Dawley rats [27]. No statistically significant differences 
were observed among dietary groups (p > 0.05) across any 
stage.

In the control group, some low albumin and low TP 
suggest potential protein malnutrition and standard food 
formula should be recalculated and adjust. C group (HFD-
fed) showed mild fluctuations but no clear hypoalbumine-
mia, suggesting hepatic synthetic capacity remained intact 
despite lipid loading. E1 and E2 groups exhibited values 
comparable to or slightly higher than M, indicating no 
impairment of protein synthesis and possible protective 
nutritional effect of IF. HFD did not produce hypoalbu-

minemia; the IF diet in E1 and E2 maintained normal he-
patic protein output, consistent with improved metabolic 
handling of dietary fat.

Hepatic enzyme activity (AST, ALT, ALP)
Serum AST and ALT increased markedly in HFD-fed rats 
during induction 2 (AST p = 0.032; ALT p = 0.027), co-
inciding with the escalation of dietary fat to 60%. Both E1 
and E2 groups showed significantly lower enzyme activi-
ties than controls (AST: HFD > E1, p = 0.04; ALT: HFD 
> M, p = 0.03). At the end of the study, enzyme values in 
E1 and E2 returned toward baseline, while HFD animals 
remained mildly elevated. HFD induced transient hepato-
cellular stress, particularly during the Induction II stage. 
Switching to or combining with IF mitigated enzyme el-

Table 2. Liver parameters in all groups during the study

Rats’ code End of Induction I End of Induction II End of study

M a
ALB
TP
AST
ALT
ALP
TC

3.6 L
6.7

55 H
35.3

141.8 H
99.7

3.9 L
6.3 L
52.3
34.5

135.3 H
106 H

4 L
6.5
53

29.8
117.5

124.9 H

M b
ALB
TP
AST
ALT
ALP
TC

3.5 L
6.3 L
51.5
29.8

228.3 H
72.1

3.7 L
6.4

57.3 H
36.3

207 H
82

3.2 L
5.8 L

65.8 H
38 H

196.5 H
100

C a
ALB
TP
AST
ALT
ALP
TC

4.3
7.2

57.3 H
59.5 H
233.3 H
106.6 H

3.6 L
7.6

59 H
53 H

302.7 H
133.3 H

3.8 L
6.4

72.7 H
55.3 H
215 H

101.1 H

C b
ALB
TP
AST
ALT
ALP
TC

3.5 L
6.9

53.5 H
49 H
366 H

102.7 H

3.5 L
7.9

64 H
38.5 H
391.3 H
135.6 H

3.5 L
7

65.5 H
62 H

308 H
122.7 H

E1 a
ALB
TP
AST
ALT
ALP
TC

4.1
7.1

60.3 H
54.8 H
311.5 H
107.6 H

4.3
7

56.8 H
65 H

220.3 H
113.7 H

3.5 L 
6.3 L
52.7
34.3
110

102.8 H

E1 b
ALB
TP
AST
ALT
ALP
TC

3.7 L
6.8
49.5

43.3 H
366.3 H

91.5

3.4 L
6.5

63.7 H
46 H
283 H

186.5 H

3 L
5.8 L
51.3
39 H

169 H
81.6

E2 a
ALB
TP
AST
ALT
ALP
TC

4.4
7.6
52.3

49.3 H
263.3 H
122 H

4.2
6.9

47.7
55.7 H
162.3 H
124.3 H

3.9 L
6.2 L

53.7 H
41.7 H
138.7 H
118.2 H

E2 b
ALB
TP
AST
ALT
ALP
TC

3.6 L
6.2 L
51.8
30.3

229.8 H
79.6

3.7 L
6.3 L
52.7
40 H
185 H
91.9

3.4 L
6.4

54.7 H
46.3 H
153.3 H
102.6 H

Data are presented as mean value; a - females; b - males; *L – below the lower reference limit; *H– above the upper reference limit
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evations, suggesting anti-inflammatory and hepatoprotec-
tive effects of the IF diet.

ALP showed significant group effects (Induction II: p = 
0.032; End of study: p = 0.016). The C group demonstrat-
ed consistently higher ALP activity than all other groups, 
especially versus E1 at the study end (p = 0.03). E1 and 
E2 rats maintained lower ALP levels throughout, reflecting 
reduced cholestatic or biliary stress. Prolonged HFD 60% 
elevated ALP, indicating biliary enzyme induction and po-
tential lipid-related hepatic stress. IF supplementation for 
E1 and E2 groups effectively prevented these changes, sup-
porting improved bile metabolism and hepatobiliary func-
tion.

 Lipid metabolism marker (TC)
At baseline, TC levels were comparable across groups. Dur-
ing Induction II stage, when HFD group received HFD 
60%, TC rose significantly compared with M (p = 0.043) 
and E2 (p = 0.049). E1 and E2 maintained TC values near 
normal physiological range (≈100 mg/dL). By the study 
end, cholesterol normalized across all groups, though C 
animals remained slightly higher on average. The transient 
hypercholesterolemia in HFD and E1 groups during the 
Induction phase, reflects the metabolic burden of high fat 
feeding. The normalization in E1, after IF intervention and 
stable values in E2 indicate that IF feeding likely enhanced 
lipid utilization and prevented diet induced dyslipidemia.

Sex related differences
Males exhibited slightly higher AST, ALT, and ALP, con-
sistent with known sex based hepatic enzyme variability in 
Sprague-Dawley rats, while females tended toward higher 
ALB and TC. These variations were not large enough to in-
fluence overall group trends. No significant sex differences 
were detected (p > 0.1).

Histopathological examination. The presence of he-
patic steatosis was further confirmed through histopatho-
logical examination, which revealed both micro- and 

macro-vesicular lipid droplets within hepatocytes. Initially, 
after induction I stage, microscopic images of liver biopsies 
indicated the absence of lipid deposits (Figure 2).

A complex and organized architecture is noted, with 
normal appearing hepatocytes arranged in cords

After the Induction II stage, the results of liver biochem-
ical analyses were confirmed by the results of histopatho-
logical analyses. Microscopic images of liver biopsies con-
firmed the presence of lipid deposits in liver tissue taken 
from rats fed with HFD 60% fat (Figure 3).

On the examined sections, hepatic parenchyma with li-
pid micro- and macro-vacuoles at the level of hepatocytes 
is noted

Discussions
Body weight during the study. Males start and end signifi-
cantly heavier than females, which is expected in Sprague-
Dawley rats [16]. Gradual weight increase across all phases 
in the control group was normal in healthy rats. Their con-
sistent weight gain serves as a baseline. No sudden weight 
loss is observed, indicating the animals were likely in good 
health and not under stress from the control conditions. 
These rats are still growing, particularly the males, so the 
weight gain aligns with normal developmental patterns [17].

HFD in rodents typically causes increased adiposity, met-
abolic dysregulation, and sometimes insulin resistance and 
is evident accelerated weight gain in both sexes compared 
to controls [18]. HFD exaggerates the natural sex-based 
growth differences even more than in the control group.

E1 group received a post-induction IF intervention that 
moderated the weight gain caused by the previous HFD, 
suggesting the intervention may have limited the weight 
gain, counteracting some HFD-induced effects. The inter-
vention appears effective in both sexes, with weight trends 
closer to controls than to the HFD group.

E2 group showed the largest final body weight, signifi-
cantly higher than E1 at induction stage and study end. 
This suggests that the concurrent HFD + IF mix did not 

Fig. 2. Microscopic description of liver biopsy from C3 female rat 
post-induction I stage; HE 20x. 

Fig. 3. Microscopic description of liver biopsy from E1.1 female rat 
post-induction II stage; HE 20x.
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prevent weight gain; in fact, animals on mixed diet gained 
most, possible due to higher total caloric intake, palatabil-
ity or metabolic effects of combined diets.

Selection of a high-fat dietary model of NAFLD. To 
investigate the efficacy of potential therapeutic food and 
validate the preclinical study, reliable, simple and repro-
ducible tools are needed. For that purpose, animal models 
for diet-induced NAFLD models were developed to mimic 
the human disease [19]. Sprague-Dawley rats on HFD de-
velop NAFLD with elevated ALT and cholesterol after just 
two weeks, escalating to steatosis, inflammation, and fibro-
sis over 10–20 weeks [20].

However, our dietary pattern during Induction I stage 
(30% fat), was insufficient to induce liver steatosis in 10 
weeks. This is the reason why we extended the induction 
stage (Induction II) for another 5 weeks, and we increased 
the proportion of fat to 60%.

A high fat diet, which includes 30%–75% of total calo-
ries derived from saturated fat, induced metabolic changes 
leading to fat storage, insulin resistance, and NAFLD de-
velopment. However, the HFD dietary regime may give 
variable results, which depend on rodent species and 
strain. Sprague-Dawley rats fed an HFD develop NAFLD 
and NASH symptoms, which are associated with their di-
et-dependent susceptibility to obesity [21].

During the Induction stages, in both groups fed with 
HFD, the liver parameters were higher as the fat percent-
age increased in induction II vs induction I stages. After 
the hepatic steatosis induction, liver function tests con-
firmed morphological and functional hepatic impairment, 
as evidenced by markers of hepatocellular injury, hepatic 
insufficiency, and steatosis [14, 15]. 

Rats in the HFD group show clear signs of liver stress 
and potential damage (high AST, ALT, ALP), metabolic 
imbalance (high TC), and potential protein metabolism 
disturbances (low ALB and TP). These effects are typical 
and expected from prolonged HFD exposure in Sprague-
Dawley rats [21].

Our results of liver biochemical analyses were confirmed 
by histopathological analyses, meaning no lipid deposits 
after the Induction I stage. After the Induction II stage, 
microscopic images of liver biopsies confirmed the pres-
ence of lipid deposits in the liver tissue sampled from rats 
fed an HFD.

Exposure to the IF intervention. HFD induced sig-
nificant weight gain in both sexes, and males had more 
pronounced increases than females. Post-induction IF in-
tervention demonstrated a clear reduction in weight gain 
compared to HFD (Figure 1). Final weights were closer to 
control group levels, suggesting potential efficacy in miti-
gating diet-induced obesity. 

A substantial number of publications regarding nutri-
tional intervention demonstrated effective reductions in 
liver injury markers in HFD fed rats [22-26].

Liver parameters interpretation. In all groups, we 
observed that some animals had mild hypoalbuminemia 

(<4.1), especially in male rats during and after induction/
intervention stages. HFD and both experimental groups 
showed reduced ALB alongside low TP over time, likely 
indicating liver stress or compromised protein synthesis. 
Albumin is a liver-synthesized protein; low levels indicate 
impaired liver synthetic function. In long-term high fat 
feeding, serum albumin typically decreases due to hepatic 
dysfunction [27].

AST is an enzyme released with hepatocyte injury. AST 
elevation was most prominent in the HFD group, suggest-
ing hepatocellular injury. HFD group had the highest AST 
at each post-induction time, and the control group had the 
lowest (p=0.004).

HFD group had markedly higher ALT than the control 
at each induction point, indicating substantial liver injury. 
These trends align with published data, high fat diets sig-
nificantly elevate ALT [19]. Elevated AST and ALT en-
zymes in our HFD group mirror the literature publications 
showing acute liver stress under HFD [28].

Alkaline phosphatase (ALP) was the most elevated in the 
HFD group. E1 and E2 groups showed attenuation of this 
trend, with E2 having the best normalization (p=0.037). 
ALP spikes align with cholestatic or biliary injury observed 
in HFD models. Indeed, studies report an HFD-induced 
ALP increase (~24%) [20].

 HFD is well-known to induce dyslipidemia with 
significantly higher total cholesterol (TC), and LDL in 
HFD rats [26]. In our HFD group, we had marked hy-
percholesterolemia, particularly after Induction II stage 
and during Intervention. E1 group shows the best cho-
lesterol control after the intervention stage, especially in 
males. E2 female group had elevated TC but generally 
lower than HFD and some normalization toward study 
end; occasional elevations, but many values stayed near or 
below the upper limit. E2 male group exhibited the great-
est improvement in cholesterol regulation, indicating a 
potential protective effect of IF intervention on lipid me-
tabolism. Total cholesterol increases match HFD-driven 
dyslipidemia trends. E1 and E2 group interventions re-
duced liver enzymes and cholesterol, and reflect similar 
improvements seen with resveratrol [9], curcumin [22] 
and β-sitosterol [23].

Standard laboratory rat food is generally formulated to 
meet basic nutritional needs and maintain health. Howev-
er, even standard food can influence liver parameters, espe-
cially in young adult rats, due to some critical factors [27]. 
Standard rat food, while considered “neutral,” may cause 
mild hepatic enzyme elevations due to its energy content, 
composition variability, and the metabolic sensitivity of 
young Sprague-Dawley rats. These effects can be especially 
pronounced in studies involving metabolic stress or long-
term feeding protocols [29].

Lifestyle and diet, probiotics and prebiotics, GLP-1 RA, 
and SGLT2i may become effective and safe treatments to 
alleviate NAFLD [30]. We have demonstrated that in com-
bination with a low-fat diet, IF treatment decreased serum 
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TC and AST/ALT and ALP levels by restoring impaired 
lipid metabolism in rats previously fed HFD. Our innova-
tive food also effectively enhanced weight loss, which may 
have occurred through a decrease in visceral fat, as previ-
ously reported in the literature [31], but the mechanisms 
remain to be identified. 

The expanding knowledge regarding the beneficial ef-
fects of medicinal mushrooms on metabolic diseases (espe-
cially NAFLD and NASH), has driven researchers to pur-
sue potential efficacious and safe therapies using nutrition 
as medicine. Cordycepin, polysaccharides and polyphenols 
have been widely used as a food for the treatment of dis-
eases associated with inflammation and oxidative injury, 
such as hepatotoxicity and liver injury [32, 33].

Our current study thus provides an alternative approach 
to ameliorate NAFLD by supplementation of caloric-re-
stricted diets with IF that is proposed for the invention 
approval.

Conclusion
In summary, prolonged high fat feeding (30–60%) in 
Sprague–Dawley rats led to transient hepatocellular stress, 
as indicated by elevated transaminases, alkaline phos-
phatase, and serum cholesterol. The species divergence in 
weight gain, plus a longer interval to achieve significant 
hepatic lipid droplet accumulation in the mice may be at-
tributed to species, composition of diets (30% versus 60% 
fat), and the duration of high fat feeding.

Incorporation of innovative food, either as a dietary 
switch (E1) or concurrent mix (E2), normalized hepatic 
enzyme activity and stabilized lipid metabolism, demon-
strating a significant hepatoprotective and metabolic-mod-
ulating effect. 

The innovative food has proven to be highly effective 
in reducing body weight, evidenced by the significant de-
crease in body mass in the E1 group compared to the HFD 
group, in both female and male rats. 

The biochemical data support the hypothesis that IF 
contributes to hepatic resilience under dietary fat overload 
without impairing protein synthesis or metabolic balance.
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