
http://jtim.tums.ac.ir170

F. Afrashteh et al.Effect of Rosa canina on NAFLD

Effect of Rosa canina L. Hydroalcoholic Extract on High-Fat Diet-Induced 
Nonalcoholic Fatty Liver Disease in Rats

Fatemeh Afrashteh1,2 , Shayan Eghdami1,2,  Maryam Abolhasani 3,4, Asieh Shojaii* 5,6, Manijeh 
Motevalian1,7*

TRADITIONAL AND INTEGRATIVE MEDICINE

Trad Integr Med, Volume 11, Issue 2, Spring 2026
Original Research

Traditional & Integrative Medicine

1 Pharmacology Department, School of Medicine, Iran University of Medical Sciences, Tehran, Iran
2 Student Research Committee, School of Medicine, Iran University of Medical Sciences, Tehran, Iran
3 Oncopathology Research Center, School of Medicine, Iran University of Medical Sciences, Tehran, Iran
4 Department of Pathology, Hasheminejad Kidney Center (HKC), School of Medicine, Iran University of Medical Sciences, Teh-
ran, Iran
5 Institute for Studies in Medical History, Persian and Complementary Medicine, Iran University of Medical Sciences, Tehran,
Iran
6 Department of Traditional Pharmacy, School of Persian Medicine, Iran University of Medical Sciences, Tehran, Iran
7 Razi Drug Research Center, Iran University of Medical Sciences, Tehran, Iran

*Corresponding Authors: Asie Shojaii
Institute for Studies in Medical History, Persian and Complementary Medicine, Iran University of Medical Sciences, Tehran, Iran
Email: Shojaii.a@iums.ac.ir
                                      Manijeh Motevalian
Razi Drug Research Center, Department of Pharmacology, School of Medicine, Iran University of Medical Sciences, Tehran, Iran
Email: motevalian.m@iums.ac.ir

Copyright © 2026 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.This work is licensed under 
a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/). 
Noncommercial uses of the work are permitted, provided the original work is properly cited.

Citation: Afrashteh F, Eghdami S, Abolhasani M, Shojaii A, Motevalian M. Effect of Rosa canina L. Hydroalcoholic Extract on High-Fat Diet-In-

duced Nonalcoholic Fatty Liver Disease in Rats. Trad Integr Med 2026;11(2):170-180. http://doi.org/10.18502/tim.v11i2.22055

Abstract
Non-alcoholic fatty liver disease (NAFLD) is a prevalent condition with an increasing global incidence. Given the reported anti-in-
flammatory, antioxidant, and lipid-lowering properties of Rosa canina L. (RC), this study aimed to evaluate its early-intervention 
effect on the laboratory and histopathological markers of NAFLD in a rat model. Thirty-six rats were divided into six groups (n=6): 
a control group on a regular diet, and five groups on a high-fat diet (HFD). The HFD groups received either normal saline (N/S), 
atorvastatin (10 mg/kg), or RC extract at doses of 300, 500, or 700 mg/kg. After 9 weeks, lipid profiles, liver enzymes (AST, ALT), 
and histopathological examination of liver biopsies were assessed. Total phenolic content of the extract was also determined. Total 
cholesterol (TC) levels were significantly reduced in the group receiving 500 mg/kg RC compared to the HFD+N/S group. AST 
levels were lower in the 300 mg/kg and 500 mg/kg RC groups than in the 700 mg/kg RC and atorvastatin groups. Histopatholog-
ical analysis revealed ballooning scores of 55-60% in the HFD+N/S group, 30-35% in the atorvastatin group, 65-70% in the 300 
mg/kg RC group, 30% in the 500 mg/kg RC group, and 45-55% in the 700 mg/kg RC group. Overall, the findings were generally 
positive, although the effects differed across the tested doses. Notably, the 500 mg/kg/day dose was associated with more favorable 
histopathological observations. RC demonstrates significant effects on lipid profile and liver enzymes comparable to atorvastatin in 
preventing NAFLD. These findings suggest that RC is a promising early-intervention agent for the prevention of NAFLD.
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Introduction 
Non-alcoholic fatty liver disease (NAFLD), recently re-
classified as metabolic dysfunction-associated steatotic 
liver disease (MASLD), is a prevalent hepatic disorder 
characterized by steatosis in over 5% of hepatocytes. Its 
development is strongly associated with metabolic syn-
drome, type 2 diabetes mellitus (T2DM), insulin resis-
tance, and high-fat diets, rather than significant alcohol 
consumption [1, 2]. The disease spectrum ranges from 
simple steatosis (NAFL) to non-alcoholic steatohepatitis 
(NASH), a more severe form marked by inflammation, 
hepatocellular ballooning, and fibrosis, which occurs in 
approximately 10% of patients [3]. Progression to cir-
rhosis, an end-stage liver disease treatable only by trans-
plantation, occurs in a significant portion of NASH cases, 
with cirrhotic patients facing an annual hepatocellular 
carcinoma risk of 1-4% [4]. The second leading cause of 
liver transplantation in the United States is NAFLD [5-
7]. As the second leading cause of liver transplantation in 
the United States, NAFLD imposes a substantial burden 
on global healthcare systems and adversely affects patient 
quality of life [8]. The progression of NAFLD leads to 
increased liver-related mortality, substantial healthcare 
resource utilization, and reduced quality of life [9].
Despite its high prevalence, estimated at 6–35% world-
wide and 32% in the Middle East, no pharmacothera-
py is currently FDA-approved for NAFLD treatment 
[3]. Management strategies primarily involve lifestyle 
modifications; while investigational agents include vi-
tamin E, insulin sensitizers, thyroid hormone receptor β 
(THR-β) agonists, and fibroblast growth factor analogs 
[3,10,11]. Due to the potential side effects and drug inter-
actions associated with these synthetic compounds, there 
is growing interest in the therapeutic potential of herbal 
medicines for NAFLD, a trend supported by increasing 
global consumption and scientific validation of tradition-
al remedies [12]. Today, the consumption of traditional 
herbal medicines has increased in many countries in Asia, 
America and Europe, and many studies have confirmed 
the effectiveness of traditional herbal medicines on NA-
FLD [7,13,14]. 
Dog rose (Rosa canina L.) is an important species in ge-
nus Rosa L. which is a member of Rosaceae family and 
rose hip is the fruit of Rosa canina (RC). The genus Rosa 
L. grow in areas of Asia, Middle East, Europe and North 
America [15]. The shrub of this plant has 1-3 m height 
which is resistant to hard environmental conditions and 
typically grows in rocky, low soil and water conditions 
[16]. The flowers are fragrant and the petals are white or 
pink [17]. The fruit is round or oval-shaped, elongated, 
smooth with a bright red color and the seeds are inside 
[18-20].   
Rose hip is a rich source of vitamin C (250 to 2700 mg 
per100 g), minerals, tannins, carotenoids, polyphenolic 
compounds, and polyunsaturated fatty acids (such as ω3 
and ω6: 13.67–24.75% and 45.38–54.58%, respectively) 

[21,22]. The most important carotenoid compounds of 
rose hip are lycopene 11.1 and β-carotene 7.2 mg per 100 
g [23,24]. 
Several studies have shown the effectiveness of RC ex-
tract on treatment of different diseases. RC was used for 
liver disease in Persian medicine. The effect of RC fruit 
extract on reducing inflammation, cellular oxidation, 
blood glucose, blood lipids, body weight, and lipid accu-
mulation in adipose tissues has been reported [25-27]. RC 
fruit extract has been used traditionally in the treatment 
and prevention of diseases such as hemorrhoids, diabetes, 
influenza and gallstones and has also shown a beneficial 
effect on depression and increase the density of neurons 
in the hippocampus [18,28]. 
So far, studies have underpinned the antidiabetic, antihy-
perglycemia, anti-obesity, antihyperlipidemia, and pan-
creatic β-cell proliferative effect of RC [29-31]. While 
a limited number of studies have explored the effects 
of RC on NAFLD, the prophylactic potential of RC ex-
tract remains insufficiently investigated. Therefore, this 
study aims to evaluate the early-intervention effect of a 
hydroalcoholic extract of  RC  on high-fat diet-induced 
NAFLD in a rat model [32-34].

Materials and Methods

Animals
A total of thirty-six 10-week-old male Wistar albino rats 
(weight range: 240-320 g) were obtained from Iran Uni-
versity of Medical Sciences (Tehran, Iran). The animals 
were housed under controlled temperature (26 °C) and a 
12-hour light/dark cycle with ad libitum  access to food 
and water.
All animals were fed a high-fat diet (HFD) for two weeks 
except for six rats that considered as the healthy control 
group. The composition of a high-fat diet was (in 100 g): 
15 g pellet, 15 g dried milk (Nestle), 15 g plain flour, 7 g 
solid oil from animal source, 19 g fructose, 6 g sucrose, 
8 g liquid oil from corn, 6 g yolk, and 18 g high-fat milk.

Ethics 
All animal practices were performed base on the Guide 
for the Care and Use of Laboratory Animals of the Na-
tional Institutes of Health which were approbated by 
ethical committee of Iran University of Medical Scienc-
es. (Ethical code: IR.IUMS.FMD.REC.1399.082). This 
study was designed and reported in accordance with the 
ARRIVE guidelines 2.0 [35].

Preparation of RC extract
Dried fruits of RC were purchased from a herbal market 
in Tehran, Iran. The plant material was authenticated by 
a botanist at the Faculty of Pharmacy, Tehran University 
of Medical Sciences, and a voucher specimen (No.: PMP-
636) was deposited in the faculty's herbarium for future 
reference. A hydroalcoholic extract was prepared from 
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the dried and ground plant material using 70% ethanol 
as the solvent via maceration. The resulting extract was 
filtered, and the filtrate was concentrated under reduced 
pressure using a rotary evaporator. The concentrated ex-
tract was then lyophilized or oven-dried to obtain a dry 
powder. The extraction yield was calculated to be 31% 
(w/w).

Determination of total phenolic content
The total phenolic content (TPC) of RC was determined 
using the Folin-Ciocalteu method. A standard curve was 
prepared with gallic acid solutions at concentrations of 
75, 100, 150, and 200 µg/mL. For both the standards and 
the sample (10 mg/mL), 1 mL of the solution was mixed 
with 5 mL of a 10% (v/v) Folin-Ciocalteu reagent. After 
3 minutes, 4 mL of a 75 mg/mL sodium carbonate (Na₂-
CO₃) solution was added. The reaction mixture was incu-
bated in the dark for 30 minutes, and the absorbance was 
measured at 765 nm. The TPC was determined from the 
gallic acid standard curve and expressed as milligrams of 
gallic acid equivalent per gram of sample (mg GAE/g) 
[36].

Experimental groups
The animals were divided in to six groups and each group 
had six rats. Following groups were considered: HFD+ 
normal saline (N/S) (receiving normal saline through ga-
vage), control (pellet diet without treatment), HFD + 300 
mg/kg RC daily, HFD+500 mg/kg RC daily, HFD+700 
mg/kg RC daily, HFD+ 10 mg/kg atorvastatin daily. The 
groups received the treatments for six weeks. Normal sa-
line, RC extract and atorvastatin was given orally by ga-
vage daily. The animals weighed weekly and their weight 
was recorded. The whole study was conducted 9 weeks. 
The doses of RCs extract (300, 500, and 700 mg/kg/day) 
were selected to explore potential dose-dependent effects 
in NAFLD. These doses were chosen to fall within the 
range commonly used in previous animal studies, allow-
ing assessment of both lower and higher dose effects.
At the end of the nine-week experimental period, the rats 
were sacrificed. Blood samples were collected via car-
diac puncture and centrifuged at 3000 g for 15 minutes 
to obtain serum. The serum was analyzed for levels of 
total cholesterol (TC), low-density lipoprotein (LDL), 
high-density lipoprotein (HDL), triglycerides (TG), ala-
nine aminotransferase (ALT), aspartate aminotransferase 
(AST), and alkaline phosphatase (ALP).
Liver biopsies (1 cm × 1 cm) were harvested from the 
left lobe of each rat and fixed in 10% formalin. The tis-
sue samples were then processed, embedded in paraffin, 
sectioned, and stained with both Hematoxylin and Eosin 
(H&E) and Masson's Trichrome stain. A blinded patho-
logical assessment was performed on all liver sections. 
The severity of nonalcoholic fatty liver disease (NAFLD) 
was evaluated using a standardized histological scoring 
system [37].

Statistical analysis
Data were analyzed by SPSS26 (SPSS Inc., Chicago, Ill., 
USA). Results are reported as mean ± standard deviation 
(SD). One-way ANOVA followed by Tukey post hoc test 
was used for multiple comparisons between groups. The p 
values less than 0.05 were considered significant. 

Results

Total phenolic content
The TPC was estimated by gallic acid and expressed as 
mg gallic acid equivalent (GAE)/g of extract . The TPC of  
RC extract was 96.15±0.1 mg GAE/g of extract.
 
Pharmacological studies
The weight of each rat was measured every week. The 
mean weight gain after 9 weeks is shown in figure 1. 
Although the control group exhibited the lowest weight 
gain, there were no statistically significant differences be-
tween between the groups.
Lipid profile (TG, TC, LDL, and HDL) was also demon-
strated in figure2. The atorvastatin group had significantly 
lower TG levels compared to the control (p=0.014), HF-
D+N/S (p=0.014), and 700 mg/kg RC (p=0.044) groups.
TC levels were significantly lower in the control group 
compared to the HFD+N/S group (p=0.020). Further-
more, the group receiving 500 mg/kg RC showed a sig-
nificant reduction in TC compared to the HFD+N/S group 
(p=0.008).
LDL levels were significantly lower in the control group 
than in the 300 mg/kg RC (p=0.034) and atorvastatin 
(p=0.006) groups. No significant differences in HDL lev-
els were observed among the groups.
Liver enzymes, also were measured in the blood samples.
Figure 3 depicts the levels of ALT, AST, and ALP in all 
groups. 
ALT levels were significantly elevated in the HFD+N/S, 
300 mg/kg RC, 500 mg/kg RC, and 700 mg/kg RC 
groups compared to the control group (p=0.008, p=0.045, 
p<0.001, and p=0.045, respectively). The 500 mg/kg RC 
group also had significantly higher ALT than the atorvas-
tatin group (p=0.008).
AST levels in the 300 mg/kg RC group were significantly 
lower than in the 700 mg/kg RC (p=0.008) and atorvasta-
tin (p=0.008) groups. Similarly, the 500 mg/kg RC group 
had lower AST levels than the 700 mg/kg RC (p=0.008) 
and atorvastatin (p=0.008) groups. The control group 
also showed significantly lower AST levels compared to 
the 700 mg/kg RC (p=0.008) and atorvastatin (p=0.008) 
groups.
ALP, the last measured enzyme was significantly high-
er in the atorvastatin (p=0.019) and HFD+N/S (p=0.001) 
groups compared to the control group. The RC treatment 
groups did not show significant differences in ALP levels 
compared to either the control or atorvastatin groups.



http://jtim.tums.ac.ir 173

F. Afrashteh et al.Effect of Rosa canina on NAFLD

Histopathological assessment
A blinded pathological evaluation of liver biopsies as-
sessed inflammation, ballooning, and necrosis and 
scoring was performed by comparing the slides with 
previously available samples and control specimens, 
as a qualitative and semi-quantitative evaluation. The 
findings are summarized in figures 4-9 and table 1. 
 HFD+N/S group showed 55-60% ballooning and 20% 
of hepatocytes necrosis. The 300, 500, and 700 mg/kg 
RC treated groups showed 65-70%, 30%, and 45-55% of 
ballooning, respectively. The hepatocytes necrosis in the 
300, 500, and 700 mg/kg RC treated groups were 15%, 
5-10%, and 5-10%, respectively. Indeed, the atorvastatin 
group showed 30-35% of ballooning and 5% of hepato-
cytes necrosis. The control group had 5% ballooning, no 
necrosis, and no lobular inflammation. No fibrosis was 
observed in any of the groups. 

Discussion
NAFLD is the most common chronic liver disease in the 
world and its global burden has increased due to the in-
creasing prevalence of obesity. The disease is frequently 
associated with comorbidities such as type 2 diabetes, 

 
 

 

Figure 1. The mean weight gain of each group from week 1 to week 9. 
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Figure 3. The level of Liver enzymes in groups: A) Alkaline 
phosphatase (ALP), B) Aspartate aminotransferase (AST), and 

C) Alanine transaminase (ALT)

dyslipidemia, and metabolic syndrome [38]. The underly-
ing pathology of NAFLD is an increase in free fatty acids 
delivery to liver, cellular inflammation, cellular oxidation, 
and apoptosis. Herbal remedies have shown potential in 
ameliorating NAFLD by improving dyslipidemia, specif-
ically by reducing levels of TG,  TC, LDL, and liver en-
zymes (ALT, AST), while potentially increasing HDL and 
suppressing hepatic lipogenesis [39]. 
So far, studies have focused on the effects of RC extracts 
on reducing inflammatory and oxidative markers, as well 
as the lipid profile in diabetic rats [29, 30, 40].The present 
study investigated the early-intervention effect of three 
doses of RC extract on the lipid profile, liver enzymes, 
and liver histopathology in a HFD rat model, dose de-
pendently.
Our findings on the lipid profile were mixed. While ator-
vastatin significantly lowered TG levels compared to those 
in the control, HFD+N/S, and 700 mg/kg RC groups, only 
the 500 mg/kg RC dose significantly reduced TC com-
pared to the HFD+N/S group. Interestingly, LDL levels 
were lower in the healthy control group than in the ator-
vastatin and 300 mg/kg RC groups, and no significant dif-
ferences were observed in HDL levels among the groups
Liver enzymes, particularly ALT, are key indicators of dis-
ease progression and therapeutic response in NAFLD [41, 
42]. Contrary to expectations, all three RC doses resulted 
in significantly higher ALT levels compared to the healthy 
controls, with the 500 mg/kg dose also showing higher 
ALT than the atorvastatin group. In contrast, AST levels 
were significantly lower in the 300 and 500 mg/kg RC 
groups than in the 700 mg/kg RC and atorvastatin groups. 
ALP levels were unchanged across the groups, except for 
elevations in the HFD+N/S and atorvastatin groups com-
pared to controls. Although RC did not show a signifi-
cant effect on ALT, it demonstrated favorable effects in 
histopathological findings as well as in other experimental 
assessments. Further studies are needed to investigate an 
optimal dose that can exert beneficial effects on both ALT 
levels and histopathological outcomes.
Histopathological assessment yielded more promising re-
sults. The RC-treated groups generally exhibited reduced 
inflammation, ballooning, and necrosis compared to the 
HFD+N/S group, with the notable exception of the 300 
mg/kg dose, which showed higher ballooning. Important-
ly, the 500 mg/kg RC group demonstrated less ballooning 
than the atorvastatin group, suggesting a potent protective 
effect at this specific dosage.
The findings of the present study, which showed mixed 
effects of RC extract on serum lipids and liver enzymes 
but promising histopathological improvements, can be 
contextualized by previous literature. Intraperitoneal RC 
fruit extract at concentrations of 50, 100,200 and 300 mg 
/ kg for 14 days, was able to lower blood sugar, LDL, and 
liver enzymes (AST, ALT, and ALP) and lower HDL in 
diabetic rats [43]. Due to volatile, phenolic and antioxi-
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dant compounds of RC, it is possible that RC is effective 
in the treatment of diabetes due to its antioxidant activity. 
In addition to RC, a study shows that 100 to 1000 mg/
kg methanolic extract of the flowers of another species 
of rose (Rosa damascena Mill.) inhibits glucose uptake 
into the gut by inhibiting the enzyme alpha-glucoside in 
diabetic rats [44].
Several studies support the potential efficacy of RC 
extracts. For instance, Andersson et al. demonstrated 
that a powdered RC supplement administered over 20 
weeks—a considerably longer period than our 9-week 
study—effectively reduced insulin resistance, prevented 
weight gain, and improved lipid profiles (reduced TC and 
LDL, increased HDL) in HFD-fed mice [45]. Reduction 
of lipid accumulation in liver by the down-regulated ex-
pression of lipogenic proteins like peroxisome prolifer-
ator-activated receptor (PPAR) γ2, fatty acid-binding 
protein 4 (aP2), stearoyl-CoA desaturase-1 (SCD-1), 
diacylglycerol acyltransferase 1 (DGAT2), and AMP-ac-
tivated protein kinase (AMPK) were also seen [46]. We 
should note that the baseline and serial measurement of 
plasma parameters were not done in our study which 
could give us the better judgment of the early-interven-
tion effect of RC in NAFLD on lipid and enzyme pro-
files. No difference in weight gain was observed in all 
groups and this could be the result of shorter duration of 
our study compared to other similar studies.
Consumption of HFD with 1% of RC extract could re-
duce the accumulation of visceral fat and liver fat in 
eight weeks by suppressing the expression of PPARγ in 
mice. However they found RC extract was able to reduce 
weight gain in mice, blood glucose, TG, and leptin were 
not significantly different compared to controls, although 
serum insulin and adiponectin levels were increased [47]. 
In an in vitro research, the aqueous extract of RC reduced 
the amount of malondialdehyd  (MDA) in cell samples 
compared to samples did not contain antioxidants, and 
the 100% and 25% aqueous extract had the lowest and 
highest toxicity to the cells, respectively [48]. The an-
ti-inflammatory and antioxidant effects are due to the 
significant amount of phenol in RC, which can reduce 
or prevent the inflammatory process in NAFLD. These 
results showed that lipid peroxidation could be reduced 
by RC extract [15,48].
The protective effect of RC extract on the liver toxici-

ty has been investigated in several studies. RC extract at 
doses of 500 and 750 mg/kg can reduce carbon tetrachlo-
ride-induced hepatotoxicity in rats by reducing levels of 
ALT, AST, ALP and MDA in serum [49]. Another study 
showed that RC extract at a dose of 100 mg/kg for eight 
weeks along with aerobic training can prevent increasing 
or elevation of liver enzymes and MDA after an acute 
aerobic exercise because of its antioxidant effect [50]. 
Also in other studies, the doses of 250 and 500 mg/kg in 
four or six weeks were able to reduce the liver toxicity 
caused by diabetes by reducing the liver enzymes (ALT, 
AST and ALP) in rats [51,52].
In general, due to the rich antioxidant compounds in 
RC fruit such as flavonoid, carotenoids and vitamin C, 
it can increases the total antioxidant capacity of liver 
cells, which prevents oxidative stress in liver cells and 
as a result, it prevents the increase of MDA in the liver 
tissue and the release of liver enzymes into the serum [17, 
53]. The discrepancy between our findings and previous 
studies reporting stronger hepatoprotective effects of RC 
may be due to differences in chemical composition pro-
files between whole Rose hip fruit and the RC extract 
used in this study, as the extraction process may reduce or 
eliminate certain components which are liver protective. 
Furthermore, a longer duration for monitoring ALT levels 
may have been necessary to detect the hepatoprotective 
effects.
In a randomized control trial on NAFLD patients who 
received isolated polysaccharide from RC for 90 days, 
the reduction of weight gain, liver enzymes, and grade of 
the disease were seen [32].
From all the findings, it can be concluded that the effect 
of RC extract on blood lipid profile is dependent on the 
dose used and especially the duration of consumption 
of the extract. Although in our study lipid profile results 
were controversial among the groups, the pathologic 
observations showed promising results. The prominent 
results were about 500 mg/kg of RC which showed the 
better results in pathology findings even more than ator-
vastatin. This dose of RC was the only dose that could 
reduce the TC compared to rats with HFD +N/S. The 
non-linear dose–response observed in the present study 
may indicate a hormetic effect of RC, in which moder-
ate doses may exert beneficial effects; while higher doses 
may result in reduced efficacy. Toxicological evaluation 

Table 1. The histopathological test results in RC and atorvastatin treated and control groups

Ballooning Necrosis Inflammation Fibrosis
RC 300 mg/kg 65-70% 15% 2/x10 -
RC 500 mg/kg 30% 5-10% 1/x10 -
RC 700 m/kg 45-55% 5-10% 1/x10 -
Atorvastatin 30-35% 5% 1/x10 -

HFD 55-60% 20% 2/x10 -
Controls 5% 0% 0 -

RC: Rosa canina, HFD: High-fat diet
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represents a limitation and warrants further investigation 
in future studies.
This study comprised some limitations. The lack of base-
line and serial measurements of plasma parameters pre-
vents a clear understanding of the temporal fluctuations 
in lipid and enzyme profiles. While a sample size of six 
animals per group is commonly used in animal studies, it 
may have contributed to some of the inconsistent statisti-
cal findings observed in this study. Moreover, the absence 
of baseline measurements of liver enzymes and lipid pro-
files prior to begin HFD may have affected the statistical 
outcomes. Future studies should incorporate a larger sam-
ple size, a longer intervention period, and different dos-
es of RC, preferably using standardized extracts. More 
precise molecular investigations into antioxidant (e.g., 
MDA, total antioxidant capacity) and anti-inflammatory 

markers are needed to elucidate the exact mechanisms of 
action.

Conclusion
In this study we found that 500 mg/kg of RC extract could 
benefit NAFLD in reducing cholesterol and pathologic 
findings. However, the pathology findings suggested the 
desirable early-intervention effect of RC in other doses 
compared to HFD treated with normal saline. Among 
these results, 500 mg/kg/day of RC showed even better 
results than atorvastatin in liver biopsies. Despite the 
promising findings, the laboratory assessments, especial-
ly ALT, showed some inconsistency. Additional studies 
are recommended to determine the optimal dosage that 
can exert consistent beneficial effects on both biochemi-
cal and histopathological parameters in NAFLD.

Figure 4. Pathology findings of liver biopsy from 300 mg/kg RC group (×10 objective)

Figure 5. Pathology findings of liver biopsy from 500 mg/kg RC group (x10 objective)
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Figure 5. Pathology findings of liver biopsy from 500 mg/kg RC group (x10 objective) 
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Figure 6. Pathology findings of liver biopsy from 700 mg/kg RC group (x10 objective) 

Figure 7. Pathology findings of liver biopsy from atorvastatin group (x10 objective) 
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Figure 8. Pathology findings of liver biopsy from HFD+N/S group (×10 objective) 

Figure 9. Pathology findings of liver biopsy from control group (×10 objective) 
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