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Abstract
BACKGROUND
Aloe vera exerts several biological activities, such as, anti-inflammatory,
antioxidant, and antimicrobial effects. It was recently shown to reduce insulin
resistance and triglyceride level. We hypothesized that aloe vera would have
beneficial effects in alleviating non-alcoholic steatohepatitis (NASH) in rats.
AIM
To examine the therapeutic effects of aloe vera in NASH rats.
METHODS
All rats were randomly divided into 3 groups (n = 6 in each group). Rats in the
control group were fed ad libitum with a standard diet for 8 wk. Rats in the
NASH group were fed ad libitum with a high-fat high-fructose diet (HFHFD) for
8 wk. Rats in the aloe vera group were fed ad libitum with a HFHFD and aloe
vera in dimethylsulfoxide (50 mg/kg) by gavage daily for 8 wk. Liver samples
were collected at the end of the treatment period.
RESULTS
Hepatic malondialdehyde (MDA) levels increased significantly in the NASH
group as compared with the control group (377 ± 77 nmol/mg vs 129 ± 51
nmol/mg protein, respectively, P < 0.001). Glutathione (GSH) levels were
significantly lower in the NASH group than the control group (9 ± 2 nmol/mg vs
24 ± 8 nmol/mg protein, respectively, P = 0.001). The expression of interleukin-18
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(IL-18), nuclear factor-kappa β, and caspase-3 increased, while peroxisome
proliferator-activated receptor gamma decreased in the NASH group compared
with the controls. Following aloe vera administration, MDA levels decreased (199
± 35 nmol/mg protein) and GSH increased (18 ± 4 nmol/mg protein) markedly.
Steatosis, hepatocyte ballooning, lobular inflammation and increased hepatocyte
apoptosis were observed in the NASH group. Aloe vera treatment attenuated
these changes in liver histology.
CONCLUSION
Aloe vera attenuated oxidative stress, hepatic inflammation and hepatocyte
apoptosis, thus improving liver pathology in rats with NASH.
Key words: Non-alcoholic steatohepatitis; Aloe vera; Oxidative stress; Hepatic
inflammation; Hepatocyte apoptosis; Peroxisome proliferator-activated receptor
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: To the best of our knowledge, this is the first study to evaluate the therapeutic
effects of aloe vera in non-alcoholic steatohepatitis (NASH). In this animal model of
NASH, we found that aloe vera decreased oxidative stress markers, replenished natural
antioxidants, and reduced hepatic inflammation and hepatocyte apoptosis. Thus, aloe vera
can alleviate the pathologic changes seen in NASH.
Citation: Klaikeaw N, Wongphoom J, Werawatganon D, Chayanupatkul M, Siriviriyakul P.
Anti-inflammatory and anti-oxidant effects of aloe vera in rats with non-alcoholic
steatohepatitis. World J Hepatol 2020; 12(7): 363-377
URL: https://www.wjgnet.com/1948-5182/full/v12/i7/363.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i7.363

INTRODUCTION
Due to the obesity epidemic, non-alcoholic fatty liver disease (NAFLD) has become the
most common liver disease worldwide with an estimated prevalence of 24%[1]. In the
United States, NAFLD has now surpassed alcoholic liver disease as the leading
indication for liver transplantation in women[2]. A subset of patients with NAFLD
develop non-alcoholic steatohepatitis (NASH) which can lead to fibrosis progression
and cirrhosis[3,4]. Currently, there are no Food and Drug Administration approved
medications for the treatment of NASH. Weight loss, the mainstay of treatment for
NASH, is difficult to achieve and hardly sustainable. Alternative therapies that are
safe, effective and inexpensive are attractive options for the management of lifelong
diseases such as NASH.
Indigenous to Africa, Asia and Mediterranean regions, aloe vera has long been used
as a medicinal plant for various conditions[5,6]. Aloe vera contains at least 75 potentially
active constituents such as vitamins, enzymes, minerals, sugars, plant steroids,
hormones and amino acids[7]. Aloe vera and its constituents exert several biological
activities, for instance, anti-inflammatory (salicylic acid, campesterol, β-sitosterol and
C-glucosyl chromone), antioxidant (vitamin A, C and E), antitumor (anthraquinones
and phorbol myristic acetate), and antimicrobial effects (aloin and emodin)[5,7,8]. Aloe
vera has never been directly studied in NASH but it has shown potential benefits in
other liver conditions such as amelioration of acetaminophen-induced liver damage[9].
Moreover, aloe vera has been shown to reduce insulin resistance and hepatic
triglyceride levels which are major components of NASH[10,11]. With the
aforementioned evidence, we hypothesized that aloe vera could alleviate NASH via its
anti-inflammatory and antioxidant properties. To the best of our knowledge, this is the
first study to evaluate the effects of aloe vera on NASH development in an animal
model.
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Animal preparation
The study protocol was approved by the Institutional Review Board for Animal
Research Studies, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand.
Male Sprague-Dawley® rats weighing 220-260 g were obtained from the National
Laboratory Animal Center, Mahidol University, Nakorn Pathom, Thailand. The
animals were kept in a controlled temperature room at 25 ± 1ºC under standard
conditions with a normal 12 h light-12 h dark cycle. All rats had free access to drinking
water. The animals were allowed to acclimate to the new environment for 1 wk prior
to initiation of the experiment.

Aloe vera preparation
Leaves of 1-year-old aloe vera plants were cut and washed thoroughly with water to
cleanse the aloin-containing juice. The spiked edges were sliced off to extract the pulp.
The pulp was then mixed in a blender and sieved through fine gauze. Aloe vera gel
was turned into powder by freeze drying using a lyophilizer. Before use, the aloe vera
powder was reconstituted into gel form and dispensed in distilled water (DW).

Experimental protocol
A total of 18 rats were randomly divided into 3 groups as follows: (1) Group 1 (control
group, n = 6): Rats were fed ad libitum with standard laboratory chow (National
Laboratory Animal Center, Mahidol University, Nakorn Pathom, Thailand) which
contained 35% of total energy from fat, 47% from carbohydrate, and 18% from protein
for 8 wk; (2) Group 2 (NASH group, n = 6): Rats were fed ad libitum with a made-inhouse high-fat high-fructose diet (HFHFD) which contained 55% of total energy from
fat, 35% from carbohydrate (20% from fructose and 15% from starch), and 10% from
protein for 8 wk; and (3) Group 3 (aloe vera group, n = 6): Rats were fed ad libitum
with the HFHFD plus daily administration of aloe vera (50 mg/kg) dissolved in DW
by gavage for 8 wk. Aloe vera powder was supplied by Lipo Chemical Co., United
States.
Animals were weighed weekly during the experimental period. At the end of 8 wk,
all rats were euthanized with sodium thiopental overdose after a 12-h fast. The liver
was surgically removed and cut into several pieces. Three small pieces of liver were
immediately frozen in liquid nitrogen and stored at -80ºC until malondialdehyde
(MDA) and glutathione (GSH) analysis. The remaining liver specimen was fixed in
10% formaldehyde for histopathological examination and the expression of IL-18,
PPARγ, caspase-3, cytochrome-C and NF-kβ was analyzed using an
immunohistochemistry technique.

Hepatic MDA determination
MDA level was measured from homogenized tissue using a commercial assay kit
(Cayman Chemical Company, Ann Arbor, MI, United States). The test involved
measuring the rate of production of thiobarbituric acid-reactive substances under
high-temperature and acidic conditions. The process is described as follows: One gram
of liver tissue was homogenized in radioimmunoprecipitation assay buffer (RIPA
buffer) containing protease inhibitor and sonicated on ice for 15 s. Supernatants were
obtained after centrifugation at 1600 × g for 10 min at 4°C. The absorbance of the
supernatant fraction was read at a wavelength of 532 nm. MDA levels were calculated
from a standard curve and expressed as nmol/mg protein.

Hepatic GSH measurement
GSH level was quantified using a commercial assay kit (Cayman Chemical Company,
Ann Arbor, MI, United States). Liver tissues were washed with phosphate buffered
saline (PBS) solution. Tissues were then homogenized with cold MES buffer before
being centrifuged at 10000 × g for 15 min at 4°C. The supernatants were collected and
deproteinated. The absorbance of the supernatant fraction was read at a wavelength of
405 nm and GSH values were calculated from a standard curve and expressed as
nmol/mg protein.

Immunohistochemistry for hepatic IL-18, PPAR-γ, NF-kβ, caspase-3, and
cytochrome-C expression
After being xed in formaldehyde, liver samples were embedded in paraffin and
sliced at a thickness of 3 μm. The tissue sections were then deparaffinized with xylene
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and ethanol for 10 min. Antigen retrieval was achieved by treating the slides with
citrate buffer at pH 6.0 and heating in a microwave for 13 min. The slides were
incubated with 3% hydrogen peroxide to block endogenous peroxidase activity for 5
min and with 3% normal horse serum to block nonspecific binding for 20 min. Tissues
were then washed with PBS solution. The sections were subsequently incubated with
primary antibodies for IL-18 (Gene Tex, CA, United States), PPAR-γ (Santa Cruz
Biotechnology, CA, United States), NF-kβ (Abcam, MA, United States), caspase-3, and
cytochrome-C (R and D, United States) for 30 min at room temperature and washed
again with PBS solution. The slides were then incubated with specific secondary
antibodies for 30 min at room temperature. When color development with
diaminobenzidine was detected, the sections were counterstained with hematoxylin.
Under light microscopy, IL-18-positive cells were defined as Kupffer cells with dark
brown-stained nuclei. Hepatocytes with PPAR-γ, NF-kβ, caspase-3 and cytochrome-C
expression were characterized as liver cells with brownish nuclei. Images of each
sample were taken at high-magnication (40 ×). The numbers of positive stained cells
were counted using Aperio ImageScope software (Leica Biosystems Imaging, Inc., MD,
United States) and expressed as the percentage of immunoreactive cells or average
intensity (pixel).

Histopathological examination
Liver samples were processed using a standard technique. Collected liver tissue was
fixed in 10% formalin at room temperature for 24-48 h, embedded in paraffin and
sectioned at 3 μm using a microtome. Each tissue section was stained with
hematoxylin and eosin and placed on glass slides for light microscopic examination.
An experienced pathologist blinded to the experiment evaluated all samples. All fields
in each section were examined and graded for steatosis (0-3), hepatocyte ballooning (03) and lobular inflammation (0-3) according to the criteria described by Brunt et al[12].
The percentage of apoptotic hepatocytes was determined by terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) method using the
ApopTag® Peroxidase In Situ Apoptosis Detection kit (Millipore, CA, United States).
The procedure was performed according to the manufacturer’s instructions.

Statistical analysis
Continuous data are presented as mean ± SD. One-way ANOVA and the post-hoc
Tukey HSD were used to compare results between the groups. A P value of less than
0.05 was considered statistically significant. All statistical analyses were performed
using SPSS Statistics for Windows version 17 (SPSS, Inc., Chicago, IL, United States).

RESULTS
Body weight changes in each group
There were no differences in body weight among the groups at the beginning of the
experiment. After eight weeks, rats fed with the HFHFD (NASH group) had lower
body weight than those in the control group (223 ± 14.0 g vs 417 ± 11.2 g, respectively,
P < 0.001). Following aloe vera administration, rats in the treatment arm gained more
weight than those in the NASH group (276 ± 3.6 g vs 223 ± 14.0 g, respectively, P <
0.001) (Figure 1).

Liver histopathology
The histologic scores in each group are summarized in Table 1. Liver histology was
normal in the control group. In contrast, liver pathology in the NASH group revealed
significant macrovesicular and microvesicular steatosis, hepatocyte ballooning and
lobular inflammation. Following aloe vera treatment, liver pathology significantly
improved with only mild steatosis, minimal hepatocyte ballooning and lobular
inflammation present (Figure 2A).

Hepatic MDA and GSH levels
As shown in Figure 3A, MDA levels in the NASH group were significantly higher than
those in the control group (377 ± 77 nmol/mg vs 129 ± 51 nmol/mg protein, P < 0.001).
MDA levels declined significantly in rats receiving aloe vera along with HFHFD
compared to those receiving HFHFD alone (199 ± 35 nmol/mg vs 377 ± 77 nmol/mg
protein, P < 0.001). As demonstrated in Figure 3B, GSH levels in the NASH group
were significantly lower than those in the control group (9 ± 2 nmol/mg vs 24 ± 8
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Table 1 Summary of steatohepatitis and necroinflammation scores in all experimental groups
Steatosis

Group

Inflammation

Ballooning

0

1

2

3

0

1

2

3

0

1

2

Control

-

-

-

-

-

-

-

-

-

-

-

Non-alcoholic steatohepatitis

-

-

3

3

0

5

1

-

-

4

2

Aloe vera

3

3

-

-

2

4

-

-

3

3

-

The scoring system was based on the study by Brunt et al[11].

Figure 1 Mean body weight changes in rats in each group. Data at each time point are expressed as mean ± SD. NASH: Non-alcoholic steatohepatitis.

nmol/mg protein, P < 0.001). Aloe vera treatment led to a notable rise in hepatic GSH
levels (18 ± 4 nmol/mg vs 9 ± 2 nmol/mg protein in the aloe vera and NASH groups,
respectively, P = 0.04).

Hepatic expression of IL-18, PPAR-γ, and NF-kβ by immunohistochemistry
As illustrated in Figures 2, 4, and 5, the expression of IL-18 and NF-kβ increased, while
the percentage of PPAR-γ positive cells decreased in the NASH group as compared to
controls. In contrast, aloe vera treatment restored the changes in hepatic IL-18, PPARγ, and NF-kβ expression to the levels close to those observed in the control group.

Hepatic expression of caspase-3 and cytochrome-C, and the degree of hepatocyte
apoptosis by the TUNEL method
Using the TUNEL method, we found that the degree of hepatocyte apoptosis was
significantly higher in the NASH group as compared with the control and aloe vera
groups. Similarly, markers of apoptosis such as caspase-3 and cytochrome-C were also
higher in the NASH group, while the expression of these 2 markers was similar in the
control and aloe vera groups (Figures 2 and 6).

DISCUSSION
The pathogenesis of NAFLD is a complex process involving insulin resistance and
lipid accumulation in the liver followed by lipid peroxidation, oxidative stress, and
inflammatory responses[13]. Insulin resistance facilitates adipose tissue lipolysis
followed by the release of free fatty acids (FFA) in the serum, and promotes
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Figure 2 Representative images on light microscopy using hematoxylin and eosin stain, terminal deoxynucleotidyl transferase dUTP
nick end labeling stain for apoptosis, or immunohistochemistry stains for NF-kβ, cytochrome-C and caspase-3. A: Hematoxylin and eosin
stain; B: Terminal deoxynucleotidyl transferase dUTP nick end labeling stain; C: Immunohistochemistry stains; D: Cytochrome-C; E: Caspase-3. Control groups are
presented on the left column; non-alcoholic steatohepatitis group in the middle and aloe vera group on the right column. Arrowheads point to positive cells. NASH:
Non-alcoholic steatohepatitis.

lipogenesis in the liver, thus increasing hepatic fat accumulation. These lipids,
especially saturated fatty acids (SFA), lead to lipotoxic stress in the endoplasmic
reticulum and mitochondria and subsequently hepatocyte apoptosis. Moreover, SFA
can activate toll-like receptor-4 leading to NF-kβ activation and TNF-α and IL-6
production, the important cytokines associated with inflammatory responses in the
liver[14].
Our results showed that aloe vera improved liver histopathological changes
associated with HFHFD. In this experiment, we used aloe vera crude extract; therefore,
we could not pinpoint the actual active ingredient of aloe vera that might have
therapeutic effects against NASH. Previous studies suggested that phytosterols were
the potential substances of interest. Misawa and colleagues evaluated the effects of
lophenol and cycloartanol extracted from aloe vera gel on glucose and lipid
metabolism in diabetic, obese rats. The authors found that lophenol and cycloartanol
reduced the expression of both gluconeogenic and lipogenic genes in the liver along
with the reduction in hepatic fat contents. This study, however, did not evaluate liver
histology[15]. Similarly, Nomaguchi et al[16] used five phytosterols isolated from aloe
vera gel in mice fed with high fat diet and found that aloe vera phytosterols could
reduce body fat and liver triglyceride.
Accumulating evidence supports the implication of lipid peroxidation and oxidative
stress in the development of NAFLD[17-19]. In accordance with other research, we found
that MDA levels, a marker of oxidative stress, increased in rats with NASH as
compared with the control group. Moreover, natural antioxidants, such as GSH,
significantly declined in animals receiving HFHFD further perpetuating oxidative
stress in the liver. The administration of aloe vera attenuated the increment in MDA
levels and restored GSH levels in rats with NASH. Despite not being studied directly
in animal models of NASH, aloe vera has been shown to reduce oxidative stress
markers such as thiobarbituric acid reactive substances and increase natural
antioxidants such as GSH and superoxide dismutase in streptozotocin-induced
diabetic rats[20].
PPAR-γ, a member of the nuclear hormone receptor superfamily, is involved in the
regulation of adipocyte differentiation, lipid metabolism, and liver inflammation[21-23].
In vitro and in vivo studies suggested that PPAR-γ provided protection against NASH
by inhibiting hepatic stellate cell proliferation and migration[24], reducing proinflammatory cytokine production, and suppressing fatty acid synthesis[22]. Zhao et al[21]
previously demonstrated that the mRNA levels of PPAR-γ were lower in rats fed with
high fat diet and the levels were negatively correlated with the degree of hepatic
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Figure 3 Hepatic malondialdehyde and glutathione levels in each group. A: Malondialdehyde; B: Glutathione. Data are expressed as mean ± SD.
NASH: Non-alcoholic steatohepatitis; MDA: Malondialdehyde; GSH: Glutathione.

inflammation, necrosis and fibrosis, as well as serum TNF-α and hepatic MDA
contents. Similarly, we found that PPAR-γ expression was significantly lower in rats
with NASH and this was restored to the level of control rats with aloe vera treatment.
Comparable with our results, Nomaguchi et al[16] found that aloe vera could stimulate
PPAR-γ and α activities in a dose-dependent manner as well as decrease body fat,
hepatic triglyceride levels and serum lipid panels in diet-induced obese mice[16].
Recent data suggested that hepatocyte apoptosis may play a pivotal role in the
progression of NAFLD[25,26]. Lipid accumulation, especially saturated FFAs and free
cholesterol, may sensitize Fas- and TNF-mediated hepatocyte apoptosis and induce
mitochondrial dysfunction, thus activating both extrinsic and intrinsic pathways of
apoptosis[25-27]. The activation of both pathways leads to the release of pro-apoptotic
proteins such as cytochrome-C, which then triggers the downstream effector caspases
3, 6, and 7 to initiate the apoptotic processes[28]. In this study, we found increases in
hepatocyte apoptosis on liver histology, and cytochrome-C and caspase-3 expression
in rats with NASH. Conversely, the degree of apoptosis and its markers decreased
significantly with aloe vera treatment. To the best of our knowledge, this is the first
study to evaluate the effect of aloe vera on hepatocyte apoptosis.
IL-18 has previously been shown to be involved in both innate and acquired
immune responses by inducing several cytokines such as interferon-γ, TNF-α and IL1[29]. However, recent studies demonstrated that IL-18 also played an important role in
the regulation of metabolic functions and the development of NAFLD and NASH.
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Figure 4 The expression of IL-18, PPAR-γ, and NF-kβ using immunohistochemistry methods. A: IL-18; B: PPAR-γ; C: NF-kβ. The positive cells
were counted by Aperio ImageScope software. Data are expressed as mean ± SD. NASH: Non-alcoholic steatohepatitis.

Animal studies reported increases in food intake, body weight, insulin resistance,
serum glucose and serum lipid levels, and eventually the development of NASH in IL18 deficient mice[30,31]. The severity of NASH also appeared to be higher in IL-18
knockout mice as compared to wild-type mice[32]. In our study, we found increased
expression of IL-18 in rats fed with HFHFD and this was normalized by the
administration of aloe vera. These findings could be explained in 2 ways. The elevated
IL-18 expression could be an attempt to offset the metabolic derangement due to
HFHFD or simply the inflammatory responses from fat accumulation in the liver.
Human studies showed similar results of elevated IL-18 levels in patients with NAFLD
and these levels were positively correlated with the degree of liver injury[33,34].
Although the presence of IL-18 is crucial in maintaining energy homeostasis, the
overexpression of IL-18 could accelerate hepatocyte apoptosis and perpetuate severe
liver damage[35]. Aloe vera treatment decreased IL-18 expression through its antiinflammatory and insulin sensitizing effects[10].
A unique finding in our study was the presence of weight loss in rats fed with
HFHFD. This was unexpected given that several experimental models of NASH
showed significant weight gain in rats receiving HFHFD compared with control
diet[36-38]. This finding of weight loss was previously seen in a NASH model produced
by a methionine and choline deficient diet[39,40]. We could not ascertain the amount of
methionine and choline in our diet formula but it was possible that both nutrients
were at low levels given a protein content of only 10% in our custom diet. Another
hypothesis was the presence of high monounsaturated and polyunsaturated fatty acid
contents in our diet (19% and 6% of total energy, respectively). Studies have shown
that mono- and polyunsaturated fatty acids are associated with higher post-prandial
fat oxidation, diet-induced thermogenesis, decreased appetite and less weight gain as
compared with SFAs[41-44]. Lastly, we did not measure the total caloric intake of rats in
each group; therefore, we could not say with absolute certainty that rats with HFHFD
diet received an equal amount of calories compared to control rats. It is important to
note, however, that liver histology in our model was consistent with NASH despite
weight loss.
Our study, however, was not without limitations. First, rats with NASH in our
model were slim, which differed from the usual NASH phenotype in humans. Our
findings may be useful in the understanding of “lean” NASH in humans, but
translating our results to “obese” NASH should be done with caution. Second, aloe
vera and HFHFD were administered simultaneously resulting in our study
representing more of a prevention model than treatment model. Further studies are
warranted to confirm the therapeutic effects of aloe vera. Third, we only evaluated the
gross effects of aloe vera on NASH development in this study. Additional in vitro
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Figure 5 Representative images on light microscopy using immunohistochemistry stains for IL-18 and PPAR-γ. A: IL-18; B: PPAR-γ. Control
groups are presented on the left column; non-alcoholic steatohepatitis group in the middle and aloe vera group on the right column. Arrowheads point to positive cells.
NASH: Non-alcoholic steatohepatitis.

studies are needed to determine cellular and subcellular targets of aloe vera.
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Figure 6 The expression of caspase-3 and cytochrome-C using immunohistochemistry methods, and the degree of hepatocyte
apoptosis using terminal deoxynucleotidyl transferase dUTP nick end labeling methods. A: Caspase-3; B: Cytochrome-C; C: Degree of hepatocyte
apoptosis. The positive cells were counted by Aperio ImageScope software. Data are expressed as mean ± SD. NASH: Non-alcoholic steatohepatitis; TUNEL:
Terminal deoxynucleotidyl transferase dUTP nick end labeling.
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In summary, aloe vera reduced lipid accumulation, oxidative stress, hepatic
inflammation, hepatocyte apoptosis and histologic changes in this rat model of NASH.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is one of the most common liver diseases
worldwide. However, there is no Food and Drug Administration (FDA) approved
medication for the treatment of NAFLD. Aloe vera has previously been shown to have
anti-inflammatory and anti-oxidant properties, which might be beneficial in the
treatment of NAFLD.

Research motivation
With the absence of FDA-approved treatment for NAFLD, we attempted to find a safe
and effective treatment for NAFLD. Alternative medicines that are safe, effective and
inexpensive are attractive options for the management of life-long diseases, such as
non-alcoholic steatohepatitis (NASH).

Research objectives
The main objective of this study was to evaluate the effects of aloe vera on NASH
development in an animal model.

Research methods
Rats were divided into 3 groups: Control, NASH [rats received high-fat high-fructose
diet (HFHFD) to induce NASH pathology], and NASH + aloe vera. We compared liver
histopathology, oxidative stress marker [malondialdehyde (MDA)], anti-oxidant level
[glutathione (GSH)], inflammatory marker (IL-18), degree and markers of hepatocyte
apoptosis [terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL),
caspase-3, cytochrome-C], and PPAR-γ expression among the three groups.

Research results
We found that by administering aloe vera along with HFHFD, we were able to
significantly reduce the severity of NASH pathology in this animal model. In this
study, aloe vera treatment increased the level of natural anti-oxidant (GSH), reduced
oxidative stress (MDA) and inflammatory markers (IL-18), and decreased the degree
of hepatocyte apoptosis (TUNEL). At the subcellular level, we also found that aloe
vera increased the expression of PPAR-γ and reduced the expression of NF-kβ,
caspase-3 and cytochrome-C.

Research conclusions
This is the first study to evaluate the effects of aloe vera in rats with NASH. We found
that aloe vera reduced the severity of NASH pathology in rats that received HFHFD.
We hypothesized that aloe vera exerted its treatment effects by reducing oxidative
stress and inflammation in the liver.

Research perspectives
The rats in our model were lean, so our results might not be entirely applicable to
obese NASH that is seen more commonly in humans. Further studies with an obese rat
model are warranted to confirm the effects of aloe vera in those conditions. Moreover,
we used aloe vera crude extract in this study. Additional studies will be needed to
identify the active ingredients in aloe vera that have anti-NASH effects.
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