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Background: Non-alcoholic fatty liver disease (NAFLD) is the most common liver disorder globally, and is
often caused by abnormal fatty acid metabolism. Plant-based fatty acid may lower the risk of NAFLD, but
evidence shows that plant-based fatty acid can still induce fatty liver. Lignosus rhinoceros is a mushroom
that is widely used as folk medicine in Southeast Asia. Studies indicate that L. rhinoceros can act as an
antioxidant and immune modulator, might be a potent modulator for NAFLD. In this study, a plant-
based high-fat diet (HFD) was used to induce fatty liver in hamsters. Hot water extract of L. rhinoceros
was applied during the induction period. The antioxidant capacity of L. rhinoceros was evaluated.
Results: Data reveal that L. rhinoceros extract had promising DPPH scavenging and ferrous ion chelating
compacities. The total phenolic and flavonoid contents were 366.23 ± 5.06 mg gallic acid and 28.67 ± 2.
5 mg rutin equivalents per gram of raw L. rhinocerus powder, respectively. Lignosus rhinoceros extract
lowered body weight, and reduced liver damage which was induced by HFD in hamster, possibly by
reducing mononuclear cell infiltration in the liver. Lignosus rhinoceros treatment also lowered the
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Liver disorder
Mushroom
Non-alcoholic fatty liver disease
Plant based oil
cholesterol content and improved the HDL-c/LDL-c level in hamster serum. Finally, L. rhinoceros reduced
the reactive oxygen species content in the liver which was caused by HFD.
Conclusions: This investigation provides evidence that a plant-based HFD may be a risk factor in fatty
liver. It also proves that L. rhinoceros promotes liver health, and so can be used in functional food.
How to cite: Tsai W-C, Hoe T-L, Lu S-C, et al. Lignosus rhinocerus attenuates non-alcoholic fatty liver
induced by plant-based high-fat diet in hamster. Electron J Biotechnol 2022;58. https://doi.org/10.1016
/j.ejbt.2022.05.004.
� 2022 Published by Elsevier B.V. on behalf of Pontificia Universidad Católica de Valparaíso. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most common
chronic liver disorder worldwide [1], and is characterized by hep-
atic steatosis in the absence of causes of secondary hepatic fat
accumulation. The presence of steatosis and inflammation with
liver cell injury (ballooning) defines nonalcoholic steatohepatitis
(NASH), which may be accompanied by progressive fibrosis [2].
Untreated and progressive fibrosis can lead to cirrhosis, which is
the complete architectural reconstruction of the liver with the
deposition of large amounts of connective tissue, resulting in loss
of hepatic function. Cirrhosis can also lead to portal hypertension,
progressive liver failure and/or hepatocellular carcinoma [3]. The
mechanisms of liver fibrogenesis are numerous. In general, an
inflammatory response is initiated after tissue injury, and it
involves the local vascular system, the immune system, and local
systemic mobilization of soluble mediators. This response involves
non-parenchymal cells, such as endothelium, stellate and Kupffer
cells, and resident immune cells, such as macrophages, dendritic
cells, and mast cells. These cells trigger the synthesis and/or release
of a large variety of inflammatory and pro-fibrogenic mediators
within the injured liver tissue. These soluble mediators lead to
the recruitment of more inflammatory immune cells into the liver
tissue and lead to the activation of matrix-producing cell popula-
tions, driving scar tissue synthesis. Although NAFLD is caused by
complex mechanisms, the available therapeutic strategy is promis-
ing. Many micronutrients, including vitamin E, vitamin C, vitamin
D, and several polyphenols, such as resveratrol, curcumin, caffeine,
and quercetin, have been successfully tested in preclinical models
and clinical studies [4,5]. Thus, antioxidants and immune-
modulation are possible strategies for treating NAFLD.

Lignosus rhinocerus, also called tiger’s milk mushroom, is a well-
known folk medicine. It belongs to the Polyporaceae family, and
can be found in China, Philippines, Sri Lanka, Australia and Malay-
sia. In Malaysia, L. rhinoceros is used to treat fever, asthma, breast
cancer, cough, and food poisoning and to promote general well-
ness. Its health promoting character has been verified recently.
The extracts of L. rhinoceros provide the neuroprotective effects
against glutamate-induced toxicity in HT22 cells [6], and also
enhance stress resistance and extend lifespan in Caenorhabditis ele-
gans via the DAF-16/FoxO signaling pathway [7]. An open-label
prospective study with 50 voluntary participants has proven that
the supplementation of L. rhinocerus improves respiratory health,
immunity and antioxidant status [8]. Like other mushrooms, L. rhi-
nocerus is rich in polysaccharide peptide complexes and glucose,
which can be extracted from it using hot water. Studies show that
L. rhinocerus has many health-promoting effects. Lee et al. [9]
reported that L. rhinocerus extract had an anti-inflammatory effect
by reducing carrageenan-induced paw edema in Sprague–Dawley
rats, and the aqueous extract of L. rhinocerus significantly up-
regulates pinocytosis by modulating ROS, NO, and TNF-a produc-
tion [10]. A previous study found that water and methanol extracts
of L. rhinocerus exhibit antioxidant properties [11]. These studies
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indicate that L. rhinocerus may be a potent agent for treating
NAFLD, but verification is required. This work investigates the
potential of L. rhinocerus to retard NASH.

In this study, the role of L. rhinocerus in protecting against fatty
liver is evaluated. First, L. rhinocerus extract was made by hot water
extraction, and its antioxidant capacity was measured. In a func-
tional test, a plant-based high-fat diet was used to induce fatty
liver in hamsters, and the L. rhinocerus extract was applied during
the induction period. The goal is to evaluate the antioxidant capac-
ity of L. rhinocerus and its biological function in modulating NASH.
2. Materials and methods

L. rhinocerus mycelium powder was obtained from the Grape
King Biotechnology (Taoyuan, Taiwan). The di(phenyl)-(2,3,6-trini
trophenyl)iminoazanium (DPPH), Folin-Ciocalteu reagent was pur-
chased from Sigma-Aldrich (St. Louis, MO, US). The chow diet was
purchased from LabDiet (St. Louis, MO, US). The serum clot activa-
tor with gel separator blood collection tube was manufactured by
Greiner Bio-One (Monroe, NC, US). The triglycerides and choles-
terol assay kits were obtained from the Randox Laboratories
(Northern Ireland, UK). Antibody of PPAR-a was obtained from
GeneTex (San Antonio, Texas). The anti-actin antibody (A2066)
was obtained from Sigma-Aldrich (St. Louis, MO, US). The PVDF
membrane was obtained from Millipore Sigma (Burlington, MA,
US). All other fine chemicals were obtained from Sigma-Aldrich
(St. Louis, MO, US).

2.1. Lignosus rhinocerus extract preparation

Briefly, L. rhinocerus extract was prepared from L. rhinocerus
mycelium powder by 2-fold ddH2O extraction at 100 �C for 4 h.
After extraction, the supernatant was prepared by centrifugal fil-
tering at 10,000 rpm for 15 min, collected, and stored in frozen
alternate. One gram of the extract represented 0.5 gram of raw L.
rhinocerus powder in the following work. The extract was diluted
using ddH2O to obtain the required sample concentration before
experiments were conducted.

2.2. DPPH photometric assay

Sample stock solutions were diluted with ddH2O to concentra-
tions of 100, 75, 50, 25, and 12.5 lg/mL (calculated to the raw L.
rhinocerus powder). A 1 mL volume of 0.3 mM DPPH ethanol solu-
tion was reacted with 2.5 mL of sample solution at room temper-
ature. After 30 min, the absorbance values were measured at
517 nm and the antioxidant activity (AA) was calculated as AA
(%) = 100 � {[(sample absorbance � blank absorbance) � 100]/con
trol absorbance}. EC50 was calculated using the linear regression of
plots, in which the abscissa represents the concentration of
L. rhinocerus extract and the ordinate represents the percentage
of AA.
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2.3. Ferrous ion chelating assay

The chelation of ferrous ion by the extracts was evaluated by
the method of Decker and Welch [12]. The reaction mixture, con-
taining L. rhinocerus extract, FeCl2 (2 mM) and ferrozine (5 mM),
was adjusted to 0.8 mL, and incubated for 10 min at room
temperature. The absorbance at 562 nm was measured. The
ability to chelate ferrous ions was calculated as chelating effect
(%) = [1 � (sample absorbance � blank absorbance)] � 100.
2.4. Total phenol content assay

The total amount of phenolic compounds was determined using
Folin-Ciocalteu reagent. The sample (1 mL) was mixed with 2% of
Na2CO3 (1 mL) and incubated for 3 min. Following incubation,
Folin-Ciocalteu reagent (0.1 mL) was added and incubated for
60 min. The absorbance was measured at 750 nm. The phenolic
content was calculated as gallic acid and rutin equivalents (mg/g
of raw L. rhinocerus) on the basis a standard curve for gallic acid
and rutin.
2.5. Animal care and experimental protocol

The study protocol was approved by the Ethics Committee of
National Chung Hsing University, with the approval number IACUC
No. 100-86. Twenty-four golden Syrian hamsters were purchased
from National Laboratory Animal Center (Tainan, Taiwan) and
housed in stainless steel cages in a room at 20–25�C on a
12 hlight–dark cycle with free access to regular rodent chow and
water. After 1 week of acclimatization, the hamsters were ran-
domly divided into four experimental treatment groups as follows;
group 1 was maintained with a normal diet (control); group 2 was
provided a high-fat diet (HFD); groups 3 and 4 were provided an
HFD that was supplemented with L. rhinocerus 250 mg/kg (LLR)
and 1000 mg/kg (HLR), respectively. All L. rhinocerus dosages are
calculated with respect to raw L. rhinocerus powder. For control
group basic chow diet was supplied, which was obtained from Lab-
diet (St. Louis, USA). The high fat diet for the HFD group was basic
chow diet (LabDiet 5001, MO, USA) which was supplemented with
11.5% coconut oil (Smith Natural organic virgin coconut oil), 11.5%
soybean oil (Fwusow soybean salad oil), and 0.2% cholesterol
(Wako Pure Chemical Inc, Osaka, Japan). The HFD was freshly pre-
pared before each administration. The L. rhinocerus extract was
administered by gavage in groups 3 and 4, whereas water was
administered to the control and HFD groups. Food consumption
was measured daily, and body weight was recorded every three
days. After six weeks of administration, animals were made to fast
overnight, before being given mild ether anesthesia. The whole
blood was collected by retro orbital sinus puncture in a serum clot
activator tube. Plasma was obtained by centrifugation at 2000 rpm
at 4�C for 15 min. The liver was excised, rinsed with physiological
saline, weighed, flash-frozen in liquid nitrogen, and stored at
�80�C until it was assayed.
2.6. Hematoxylin and eosin staining of liver for histopathological
examination

Liver tissues were fixed overnight in 10% paraformaldehyde and
embedded in paraffin by a routine procedure. Four paraffin sec-
tions were obtained consecutively, and processed for histological
examination using conventional methods with hematoxylin and
eosin stain.
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2.7. Serum biomarker measurement

The concentrations of triglycerides (TG), cholesterol (CHOL),
aspartate aminotransferase (AST), alanine aminotransferase (ALT),
blood urea nitrogen (BUN) and creatinine (CREA) were measured
at the Veterinary Medical Teaching Hospital in National Chung
Hsing University. Serum was analyzed using a HITACHI 7050 auto-
matic blood chemical analyzer (Chiyoda, Tokyo, Japan). The
lipoprotein (LDL and HDL) from the hamsters’ plasma was isolated
by the gel-filtration chromatography on a Superose 6HR 10/30 col-
umnwhich was utilized at a flow rate of 0.25 ml/min in phosphate-
buffered saline (PBS). The fractions (0.5 mL/tube) were collected
and the amount of cholesterol was measured by ELISA kit (Randox,
Crumlin, UK).

2.8. Determination of total liver cholesterol and triglyceride
concentrations

The liver tissue was homogenized with 19x chloroform/metha-
nol (2:1, v/v). After it had been centrifuged (12,000 rpm for 10 min,
4�C), the clear organic phase solution was transferred into a new
glass tube. The concentrations of the liver triglycerides (TG) and
cholesterol (CHOL) were measured by enzymatic colorimetric
methods. The concentration of the cholesterol was determined fol-
lowing enzymatic hydrolysis and oxidation. Quinoneimine was
used as an indicator, and was formed from hydrogen peroxide
and 4-aminoantipyrine in the presence of phenol and peroxidase.
The concentrations of triglycerides were determined following
enzymatic hydrolysis with lipases. Quinoneimine was used as an
indicator, and was formed from hydrogen peroxide, 4-
aminoantipyrine and 4-chlorophenol under the catalytic influence
of peroxidase.

2.9. Analysis of hepatocyte reactive oxygen species (ROS)

Total ROS was quantified using the DCFH-DA fluorescent probe,
as previously described [13]. The liver samples (10 lL liver extract
and 275 lL PBS) were placed in the wells of 96-well black plates.
After mixing, 1 M DCFH-DA in PBS solution was added to each well
and reactions proceeded for 30 min at 37�C. The fluorescence
intensity, corresponding to the intracellular ROS level, was mea-
sured using a Biotek Microplate Fluorescence Readers FLX800
(Arcugnano Vicenza, Italy) at an excitation wavelength of 485 nm
and an emission wavelength of 530 nm.

2.10. Western blot was performed to analyze protein expression

Liver protein samples (30 lg) were subjected to sodium dodecyl
sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred onto PVDF membranes (Millipore Corporation, USA). Each
membrane was blocked with 5% gelatin in Tris-HCl buffer with
0.1% Tween 20 (TBST) and then incubated with the primary anti-
body overnight at 4�C. Each membrane was washed three times
with TBST and incubated with the secondary antibody for 1 h at
room temperature. Protein expression was detected using electro-
chemiluminescence Western blotting detection reagents and
exposed in luminescence image systems. The quantity of protein
was determined using ImageJ software.

2.11. Statistical analysis

All data are expressed as the mean ± standard deviation (SD)
and p-values of <0.05 were considered to indicate significance.
Analysis of variance (ANOVA) was used to assess the statistical sig-
nificance of differences among groups. Statistical analysis was con-
ducted using the SAS, version 9.0 (SAS Institute Inc., Cary, NC, USA).
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3. Results

3.1. Anti-oxidative ability of L. rhinocerus

To characterize L. rhinoceros, its antioxidant properties, includ-
ing DPPH scavenging and ferrous ion chelating activity (Fig. 1a),
were measured and total phenol assay was conducted (Fig. 1b).
The results indicate that L. rhinocerus extract exhibited antioxidant
ability, and the EC50 values for the scavenging of DPPH and the fer-
rous ion chelating activity were 135.16 ± 2.47 mg/mL and 503.34
± 10.44 mg/mL, respectively. From Fig. 1b, total phenolic and con-
tents were estimated to be 366.23 ± 5.06 mg gallic acid and 28.6
7 ± 2.5 mg rutin equivalents per gram of raw L. rhinocerus myce-
lium powder, respectively.
3.2. Effect of L. rhinocerus on body weight and food intake of hamsters

At the end of the experiment, body weights had increased by
about 10% in the HFD group over those in the control group
(Fig. 2a). This result reveals that co-treatment with L. rhinocerus
250 mg (LLR) and 1000 mg (HLR) inhibited the increase in the body
Fig. 1. Antioxidant characteristics of L. rhinocerus. The antioxidant capacity of L. rhinoc
phenol content assay. Both gallic acid and rutin were used as standard phenolic compo

Fig. 2. Effects of L. rhinocerus on bodyweight and food intake of hamster. (a) Changes in bo
Each value is expressed as mean ± SD (n = 6). *compared to the control group, p < 0.05.
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weights of hamsters with the HFD for six weeks. Fig. 2b shows that
the groups with the high fat diet ate less food than the control
group. The food intake of the control group was 8.37 ± 0.49 g/da
y, while that of the HFD, LLR and HLR groups was 5.84 ± 1.02 g/d
ay, 5.45 ± 0.91 g/day and 5.71 ± 0.87 g/day, respectively.
3.3. Effect of L. rhinocerus on liver in hamsters treated with HFD

Fig. 3a shows the liver morphology after six weeks of treatment.
The livers of the HFD group felt oily, and had pale and swollen sur-
faces. Supplementing with LLR significantly reversed this damage
to the liver, but HLR had a weaker reversing effect. Hepatosteatosis
of the liver was further examined. Fatty infiltration of the micro-
and macro-vesicles and mononuclear infiltration in the hepatocyte
were minimal in the control group (Fig. 3b). Histopathological
examination revealed no fatty infiltration in the HFD group that
was obviously inhibited by L. rhinocerus. However, Fig. 3b shows
a trend of reduction in mononuclear infiltration in the livers of
hamsters that had been treated with HLR, indicating that L. rhino-
cerus might inhibit the fast growth and division of cells such as
macrophages.
erus was evaluated by (a) DPPH scavenging, ferroin chelating activity and (b) total
unds in total phenol content assay. Each value is expressed as mean ± SD (n = 3).

dy weight of hamsters with HFD and L. rhinocerus; (b) average food intake by group.
#compared to the HFD group, p < 0.05.



Fig. 3. Effect of L. rhinocerus on the liver in hamster treated with HFD. (a) Morphology of liver surfaces of each group; (b) hepatosteatosis in each group. Livers were sectioned
and stained with hematoxylin and eosin. The hepatosteatosis in (b) was marked with the arrow. Magnification is 400�. Each value is expressed as mean ± SD (n = 6);
*compared to the control group, p < 0.05.
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3.4. Effect of L. rhinocerus on biochemical parameters of serum in
hamster

To estimate the effect of L. rhinocerus on the biochemical
parameters of serum, AST, ALT, BUN, and CREA, which are related
to the functions of the liver and kidneys, were measured. Table 1
shows that HFD treatment significantly elevated AST and ALT
(p < 0.05). LLR and HLR had negative-regulatory effects on AST
and ALT, which were themselves elevated by HFD treatment. These
results reveal that six weeks of the HFD did not affect the BUN or
CREA, but HLR treatment reduced the BUN level.
3.5. Effects of L. rhinocerus on TG, CHOL HDL-c and LDL-c contents in
hamster blood and liver

The TG and CHOL contents in hamster blood (Fig. 4a) and liver
(Fig. 4b) were evaluated. HFD treatment significantly elevated the
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CHOL and TG contents in blood and liver. In blood, increase in
CHOL content that was caused by the HFD was inhibited by both
LLR and HLR treatments, but only LLR reduced the TG content for
which the HFD was responsible. In liver, the HFD increased CHOL
and TG contents (Fig. 4b). Only HLR lowered the TG content in
the liver which was elevated by high fat diet, but no treatment
reduced the liver CHOL level. The VLDL and HDL contents in the
hamsters’ serum were evaluated (Fig. 4c). Both LLR and HLR
increased HDL in hamsters over the level obtained with the HFD
and both improved the LDL-c/HDL-c ratio.
3.6. Effects of L. rhinocerus on ROS content and lipid oxidation in
hamster liver

Owing to the antioxidant effect of L. rhinocerus, its cytoprotec-
tive effects against HFD-induced oxidative damage on the liver
were evaluated. The ROS content (Fig. 5a) and ROS-regulated



Table 1
Effect of L. rhinocerus on serum biochemical parameters in hamster.

control HFD LLR HLR

AST (U/L) 44.7 ± 10.3 85.3 ± 24.5* 46.7 ± 8.1# 56.7 ± 14.0#

ALT (U/L) 72.3 ± 0.6 148.0 ± 18.5* 96.0 ± 6.1# 118.0 ± 8.5#

BUN (mg/dL) 20.7 ± 1.5 19.3 ± 0.6 19.3 ± 2.9 16.3 ± 0.6*
CREA (mg/dL) 0.4 ± 0.0 0.4 ± 0.1 0.4 ± 0.0 0.4 ± 0.0

The serum biochemical parameters, including AST, ALT BUN and CREA were assayed by HITACHI 7050 automatic blood chemical analyzer. Each value is expressed as
mean ± SD (n = 6). *compared to control group, p < 0.05. #compared to HFD group, p < 0.05.

Fig. 4. Effects of L. rhinocerus on TG, CHOL, HDL-c, and LDL-c contents in hamster blood and liver. CHOL and TG contents in blood (a) and liver (b) were measured. (c)
Distributions of VLDL, LDL-c, and HDL-c in serum. Each value is expressed as mean ± SD (n = 6). *compared to the control group, p < 0.05. #compared to the HFD group,
p < 0.05.
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Fig. 5. Effects of L. rhinocerus on ROS content and PPAR-a expression in hamster liver. ROS content in liver was quantified using DCFH-DA fluorescent probe (a), and PPAR-a
expression was quantified by the Western blot and normalized by actin. Each value is expressed as mean ± SD (n = 3). *compared to the control group, p < 0.05. #compared to
the HFD group, p < 0.05.
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PPAR-a protein expression (Fig. 5b) in hamster liver were mea-
sured. The HFD elevated the ROS content in hamster liver, and
LLR treatment reversed this increase. With respect to PPAR-a
expression, the HFD elevated the protein level. Neither LLR nor
HLR treatment modulated HFD-induced PPAR-a protein
expression.

4. Discussion

Fatty liver is a global growing health problem. Traditionally,
fatty liver is associated with alcohol and an animal-based diet. A
plant-based diet is known to lower the probability of having a fatty
liver [14,15]. However, an unhealthy plant diet may increase the
risk of NAFLD [16]. Considering that the vegan population is grow-
ing, plant diet-induced fatty liver may become the next important
cause of NAFLD. In this research, a plant-based diet was used to
induce fatty liver and L. rhinocerus was used to reverse the damage
to the liver and the syndrome that it induces.

Monosaccharides and disaccharides are reportedly the major
constituents of L. rhinocerus sclerotia at a fat content of <1%. In
the aqueous extract, b-glucans was the dominant glucans, repre-
senting 82–93% of total glucan (w/w) [17]. Polysaccharides are
known to be the major bioactive compounds in mushrooms. Many
studies have revealed the immunomodulatory effects of L. rhino-
cerus, which, for example, ameliorates airway inflammatory hyper-
secretion and airway hyperresponsiveness in a murine model of
asthma [18]. Polysaccharide is a well-known agent of immune
modulation. In fatty liver, ROS is a critical factor that drives hepatic
inflammation and fibrosis [4]. In this research, the antioxidant
capacity of L. rhinocerus is assumed to have a role in fatty liver.
Yap et al. [11] found total phenolic contents of water extracts of
L. rhinocerus were between 2.82 and4.67 mg GAE/g (gallic acid
equivalent). For wild-type L. rhinocerus, the total phenolic content
is 0.12–0.23 mg GAE/g [11]. In the L. rhinocerus sample herein, it
was 366.23 mg GAE/g, which is much higher than those obtained
in previous investigations. The GAE of the L. rhinocerus which
was used in this research is much higher than other edible
macro-fungi which were measured by Guo et al. [19]. The cause
of this difference may lie in the cultivation and extraction methods.
Interestingly, Yap et al. [11] also found that methanol extract has a
lower total phenolic content. The aqueous extract might be the
proper method to obtain the antioxidant character of L. rhinocerus.
52
A Mediterranean diet, which is rich in antioxidants, helps to
prevent NAFLD [20]. Unsaturated fatty acids, such as olive oil, are
partially responsible for this protection [21]. Cholesterol, a well-
known risk factor for NAFLD, is abundant in animal-based diets,
but it presents in much smaller quantities in plant foods [22]. This
work may be very first in which a plant-based diet is used induce
fatty liver. In this study, 23% of oil content is plant-based fatty acid
and 0.2% is cholesterol. After six weeks of administration, body
weight (Fig. 2a), liver morphology and histopathology (Fig. 3),
AST, ALT (Table 1) TG and CHOL contents in the blood and liver
(Fig. 4), the HDL-c/VLDL-c ratio in blood (Fig. 4c) and the ROS con-
tent in the liver (Fig. 5) had all changed, indicating that a plant-
based HFD with cholesterol can induce fatty liver.

The results in Fig. 2 show that the HFD increased the weight of
hamsters, even though their food intake declined (Fig. 2b). The
control group had a higher food intake than other groups perhaps
because the HFD had more food calories than the normal diet.
Therefore, the hamsters with the HFD might have required less
food to obtain a similar amount of calories. A comparison of body
weights and food intakes among the groups reveals that the body
weight reduction was not associated directly with appetite or
energy intake. Hence, L. rhinocerus may be responsible for meta-
bolic regulation on an HFD, and so may reduce body weight, miti-
gating the development of obesity.

In this work, fatty liver was induced using plant-based oil, and
liver morphology may provide preliminary evidence of fatty liver.
Fig. 3 presents liver morphology after six weeks of the HFD and
L. rhinocerus treatment. Based on the liver morphology, treatment
with L. rhinocerus prevented the morphological change that would
otherwise have caused the HFD, maintaining normal morphology.
Fig. 3b shows that HFD treatment also caused micro/macro-
vesicular steatosis and mononuclear cell infiltration. Macro-
vesicular steatosis refers to a site of fatty degeneration, and
micro-vesicular steatosis is characterized by small intracytoplas-
mic fat vacuoles, like liposomes, that accumulate within hepato-
cytes [23]. Mononuclear cell infiltration is caused by a change in
the immune microenvironment, to which the excessive deposition
of fat in the hepatocytes may contribute [24]. These are two indi-
cators of fatty liver. No sign of reversal of vesicular steatosis was
observed in the LLR and HLR treatment groups. L. rhinocerus
treatment only had a minor dose-dependent effect on mononu-
clear cell infiltration in liver (Fig. 3b). Since studies have found that
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polysaccharides from L. rhinocerus can contribute to immune mod-
ulation, L. rhinocerus may modulate liver inflammation that is
induced by an HFD, but not significantly improve vesicular steato-
sis that is associated with a plant-based HFD.

Table 1 presents assayed serum AST, ALT, BUN, and CREA val-
ues. Treatment with L. rhinocerus strongly supported the recovery
of AST and ALT levels. Aspartate transaminase (AST/GOT) and ala-
nine transaminase (ALT/GPT) are biomarkers that can be clinically
used to monitor liver health, especially in cases of NAFLD [25], pos-
sibly indicating that L. rhinocerus can provide a benefit to liver cells,
preventing their death. BUN and CREA are two indicators of kidney
function, and are especially useful in acute kidney injuries [26].
Table 1 shows that the HFD did not affect BUN and CREA levels
after six weeks of treatment. Notably, HLR treatment (equivalents
1000 mg/kg of raw L. rhinocerus) down-regulated the BUN level.
BUN is a marker of kidney function but it is also affected by non-
renal factors. For example, protein intake, catabolic state, upper
gastrointestinal bleeding, intravascular volume status, and therapy
with high-dose steroids can affect BUN level [20]. Since the ratios
of liver and kidney weights to body weight did not differ
(Table S1), L. rhinoceruswas determined to be a novel agent for kid-
ney protection, but further study is required.

CHOL and TG levels are two indicators of fatty liver and NAFLD
[5]. The HFD increased CHOL and TG levels in both blood and liver,
and L. rhinocerus treatment reversed these increases in blood
(Fig. 4a). L. rhinocerus treatment had limited effects on CHOL and
TG contents in the liver (Fig. 4b). L. rhinocerus treatment elevated
HDL-c levels and improved the ratio of HDL-c to LDL-c in blood
(Fig. 4c). Polysaccharides are known to modulate CHOL, TG, HDL
and LDL levels in blood [27,28]. Since the L. rhinocerus extract
was prepared by hot water extraction, which can yield a large
amount of water-soluble polysaccharides, the data herein may
demonstrate that L. rhinocerus has potential to improve hyperlipi-
demia that is induced by an HFD. The mechanisms by the changes
in CHOL and TG levels in liver are hard to determine. The soybean
oil in the HFD herein were assumed to provide unsaturated fatty
acids which can lower the TG content in the liver [29], potentially
interfering with fatty acid metabolism. We believe that six weeks
of a plant-based HFD may not suffice significantly to damage fatty
acid metabolism in the liver. The protective role of L. rhinocerus is
limited.

Finally, the ROS content and ROS-mediated PPAR-a expression
in hamster liver after HFD and L. rhinocerus treatments were mea-
sured. Peroxisome proliferator-activated receptor a (PPAR-a) is a
ligand-activated transcription factor, and PPARs mainly exist in
three subtypes – a, b/d, and c. All of them belong to the NR1C
nuclear receptor subfamily [30]. The PPAR-a, also called NR1C1,
is highly expressed in the liver, and was initially identified as the
molecular target of xenobiotics inducing peroxisome proliferation
in rodents [31]. The ROS content in the HFD-treated liver group
was about double that in the untreated group (Fig. 5a). The rele-
vant data reveal that ROS may be a cofactor that contributes to
fatty liver. Data also interestingly demonstrate that an HFD and
L. rhinocerus can elevate the protein PPAR-a expression (Fig. 5b).
Recently, Lee et al. [32] showed that an HFD (lard-induced)
reduced PPAR-a expression in liver. However, the HFD in this
research differs entirely from that in other studies. Herein work,
unsaturated plant-based oil provided most of the fat on the HFD
whereas most studies use lard (saturated animal oil). The effect
of lard on hepatic steatosis is clear but the role effective of poly
or mono-unsaturated fatty acids in hepatic steatosis is not fully
understood. Studies show that coconut oil can increase PPAR-a
mRNA expression [33] and medium-chain fatty acids can act as
pan-PPAR partial agonists [34]. It is known that PPAR-a can be
modulated by many factors, including ROS [35], saturated fatty
acids, unsaturated fatty acids and other naturally occurring and
53
synthetic ligands [36]. The plant oil that is used in this research
is assumed to provide some naturally occurring fatty acids that
up-regulated PPAR-a ligands; however, excess fatty acid also
changes the cellular redox status of the liver and favors the accu-
mulation of oxidative damage [37]. In Fig. 5, LLR reduced the ROS
in liver but HLR had no effect on liver ROS. Both LLR and HLR
had minor effects on PPAR-a expression in the liver. The mecha-
nisms by which L. rhinocerus modulates liver ROS and PPAR-a are
unclear. It is known that PPARa expression is enriched in the tis-
sues with high fatty acid oxidation rates, such as liver, heart, skele-
tal muscle, and brown adipose tissue [38]. Polysaccharides and
antioxidant capacity are assumed to be involved in the protective
ability of L. rhinocerus which requires further study.

The protection that is provided by L. rhinocerus against HFD-
induced fatty liver in this study is weaker than in similar studies,
perhaps because of the method by which fatty liver was induced
by plant-based fatty acids, coconut oil and soybean oil in the
HFD herein. Soybean oil has been proven to have no effect on
HDL and LDL levels [39]. The major cause of fatty liver in this inves-
tigation is assumed to be cholesterol, and plant-based oil might
have provided excess free fatty acid that contributed to this
phenomenon. Whereas another study used 12% fat (lard) and
0.2% cholesterol in the HFD [40], a higher fat content (23%)
was used herein, and the resulting syndrome was less severe.
Unsaturated oils, including monounsaturated oil and polyunsatu-
rated oil, are known to reduce the risk of NAFLD [41]. This study
provides new information about the effects of vegetable oil on
NAFLD, and on the uses of L. rhinocerus in health foods and clinical
applications to protect against fatty liver.
5. Conclusions

This study suggested that a plant-based diet, especially one high
in oil and cholesterol, can induce NAFLD in hamster. This model
motivates speculations that an unhealthy plant-oil diet is a possi-
ble factor in human NAFLD. L. rhinocerus extract can reverse the
damage that is caused by NAFLD. This investigation may support
the claim that a plant-based diet with a high oil content is a pow-
erful risk factor for fatty liver, and it demonstrates that L. rhino-
cerus may reduce the damage that is associated with fatty liver.
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