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Moringa oleifera (MO) is a native tree of Asia and is cultivated in some areas of Mexico as part of traditional horticulture. The aim
of the present study was to compare the efficacy of MO infusion vs. MO ethanolic extract for the simultaneous treatment of
nonalcoholic fatty liver (NAFLD), hyperlipidemia, and hyperglycemia in a murine model fed with a high-fat diet (HFD). BALB/c
mice were fed a balanced diet (healthy control) or an HFD for 6 months. With this, the NAFLD model was established before
starting a therapeutic intervention with MO for two months. The phytochemical analysis by nuclear magnetic resonance in 'H and
B3C experiments showed signals for pyrrole alkaloids and triterpenes as the main constituents of the extract and infusion
preparation. A significant reduction of SGPT, SGOT, lipids, urea, and glucose in blood among NAFLD groups treated with MO
(infusion or extract) was found, when compared to the NAFLD-placebo group. Steatosis and liver inflammation were found to be
decreased in the MO groups, as infusion or ethanolic extract. Infusion produced a better therapeutic effect than the extract in all
parameters, except glycemic control, where the extract was better. As an additional finding, it is noteworthy that treatment with
MO, particularly through infusion, resulted in improved motor activity. Moreover, a reduction in anxiety-like behavior was
observed exclusively with the administration of infusion. These observations provide valuable insights into the potential broader
effects of Moringa oleifera beyond the primary aim of the study.
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1. Introduction

Westernized fast food has resulted in a surge in the con-
sumption and accessibility of lipids, including high levels of
saturated fats that can alter the eating habits of the pop-
ulation [1, 2]. The associations between the consumption of
a high-lipid diet and diabetes, obesity, and liver disease,
including nonalcoholic fatty liver disease (NAFLD), have
long been recognized [3, 4]. The prevalence of NAFLD is up
to 30% in developed countries and almost 10% in developing
countries, making NAFLD the most common liver condi-
tion in the world [5].

NAFLD is the accumulation of hepatic steatosis not
caused by excessive alcohol consumption. While it is often
regarded as the hepatic manifestation of the metabolic
syndrome, closely linked to conditions like obesity, insulin
resistance, hyperlipidemia, and hypertension, this charac-
terization has been a topic of ongoing discussion. Contrary
to the general assumption, research indicates that around
30% of NAFLD patients do not exhibit symptoms of met-
abolic syndrome (MetS) [6]. Moreover, intriguingly, studies
have shown that in many instances, NAFLD precedes the
development of MetS [7-9]. Oxidative stress (OS) is con-
sidered an important factor in the pathophysiology and
progression of chronic inflammatory liver diseases, in-
cluding NAFLD [5, 10]. Therefore, the modulation of the
antioxidant response emerges as an interesting target to
prevent the development and progression of NAFLD. Given
the absence of approved treatments by the Federal Drug
Administration (FDA) to date, recent guidelines advocate
for lifestyle interventions, bariatric surgery, and pharma-
cotherapy as potential options for managing nonalcoholic
fatty liver disease (NAFLD). This encompasses the utiliza-
tion of agents such as glucagon-like peptide-1 receptor
agonists (GLP-1RAs), peroxisome proliferator-activated
receptor-y (PPAR-y) agonists, and sodium-glucose
cotransporter-2 (SGLT-2) inhibitors [11, 12].

Recently, there has been a remarkable progress in the
field of herbal therapy due to the growing concerns about the
development of drug resistance, drug side effects, and
limited advances in the discovery of new drugs [13]. In
almost all countries, medicinal plants have been widely used
throughout history for the treatment of diseases as tradi-
tional healing remedies due to their broad therapeutic
spectrum and minimal or no side effects [14]. Since there are
no specific drugs available for NAFLD, considerable efforts
have been focused on the search for new drugs and com-
plementary/alternative medicines from different herbal
formulations.

Moringa oleifera (MO) Lam. is a plant that belongs to the
Moringaceae family, which is widely distributed in the
tropics and subtropics and has been reported to possess
various medicinal properties [15]. In Mexico, the use of
Moringa oleifera is widely disseminated in the population,
and even the government of the country considers
M. oleifera, a plant species of high nutritional value, being
used, almost entirely for human consumption [16, 17].
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Ethnomedical studies refer to the use of M. oleifera tea
infusion as follows: regulator of blood glucose levels, en-
hancer of the immune system, capable of regulating cho-
lesterol levels, and with anti-inflammatory activity. Likewise,
other ethnomedical precedents refer to the use of MO
ethanol macerates to prevent and reduce hypertension
[16, 17]. Phytochemical studies in MO have been shown to
be a natural source of antioxidants such as phenolic com-
pounds, vitamins A, C, and E, ascorbic acid oxidase,
polyphenol oxidase, and catalase [18, 19]. Extracts from
lyophilized leaves of MO have shown antioxidant and free
radical scavenging activity [20-22]. Therefore, MO could be
part of the therapeutic options for NAFLD.

Although MO is a plant currently under study, it has
been suggested that the different stages of the plant and
various extraction methods may influence its characteristics
and potential effects [23], in addition to the fact that its
effects are not always considered the same on mobility [24]
and anxiety [25]. Therefore, the aim of the present study was
to compare the therapeutic efficacy of hot tea infusion vs.
MO ethanolic extract for the simultaneous treatments of
nonalcoholic fatty liver, hyperlipidemia, and hyperglycemia
in a murine model fed with a high-lipid diet with NAFLD.

2. Materials and Methods

2.1. Plant Material. The fresh leaves of MO were collected in
the city of Colima, Mexico (9.2433°N latitude and
103.7242°W longitude). The plant material was taxonomi-
cally identified and compared with a specimen from the
National Herbarium of Mexico (MEXU), with voucher
number MEXU: 1115057 serving as the reference. Sub-
sequently, the leaves were conditioned in the laboratory,
thoroughly cleaned of extraneous materials, and dried in an
oven with air circulation at 37°C for 60 hours.

2.2. Preparation of the Infusion. The dried leaves of MO were
finely crushed using a mortar and pestle, achieving a loose
tea-like consistency. Daily infusions were prepared, com-
bining 0.7 g of MO leaves with 10 mL of distilled/deionized
water. The water was heated to boiling point (95-100°C),
then poured over the dried MO leaves, and stirred for
15 minutes. Following this, the infusion was filtered through
cotton gauze to remove solids. The resulting filtrate (MO
infusion tea) was allowed to cool to body temperature before
administration. This method adheres to the traditional
practices of Colima, Mexico, ensuring the proper prepara-
tion of the MO leaf infusion [16, 17].

2.3. Preparation of the Ethanol Extract. According to Mousa
et al., ethanolic extract was prepared from MO-dried leaves
[26]. The cold extraction process was employed to obtain the
crude extract. In this process, 1 kg of the powdered material
was combined with 2000 mL of ethanol (96%). The mixture
was allowed to macerate for 72 hours at room temperature
(22°C), with intermittent gentle shaking. Following
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maceration, the mixture was filtered sequentially through
cotton gauze and Whatman filter paper No. 1, resulting in
a green-hued solution. To concentrate the solution, an initial
step involved using a vacuum rotary evaporator under
specific conditions (adjustment bath: 40°C, rotation: 50 rpm,
pressure: ~15 psi, and condenser: 4°C) to remove ethanol.
The solution was subsequently further concentrated through
freeze-drying using a freeze dryer. The yield of the extract
was determined in % (w/w). The MO ethanol extract was
stored within a silicon desiccator until its subsequent
utilization.

2.4. Phytochemical Screening of the MO Infusion and Ethanol
Extract. A small portion of the dry ethanolic extract or a tea
infusion of M. oleifera leaf was utilized for the phytochemical
tests, including tannins, flavonoids, alkaloids, saponins, and
steroids, following established methods with some
modifications [27].

In the preliminary phytochemical analysis of the ethanol
extract, a solution was prepared by dissolving 10 mg of the
ethanolic extract in the solvent indicated by the specific test.
Regarding the infusion, 1 ml of the infusion filtrate used for
the tests (see preparing infusion section) was used. For the
tannin test, 1 ml of plant solution extract or infusion filtrate
was mixed with 5ml of distilled water and filtered (using
Whatman No. 1 filter paper). The presence of tannins was
indicated by a blue coloration resulting from the addition of
ferric chloride reagent to the filtrate. Alkaloid presence was
determined by DragendorfF’s test; 10 mg of the plant extract
or 1 ml of infusion filtrate was dispersed in 5 ml of 1% HCl in
a steam bath. A milliliter of the mixture was treated with few
drops of Dragendorff’s reagent; a positive reaction was
considered if a precipitate or turbidity was formed. The
occurrence of a red or orange coloration was indicative of
the flavonoids in the presence of HCl and magnesium. A
freshly prepared 7% blood agar plate was used, and wells
were made in it. The crude extract (10 mg) or infusion filtrate
(1 ml) was mixed with 5 ml of a 9 : 1 water/methanol solution
and subsequently used to fill the wells bored in the blood
agar plates. 9:1 water/methanol solution was used as
a negative control, while commercial saponin solution was
used as a positive control. The plates were incubated at 35°C
for 6h. A complete hemolysis test of blood around the
extract was indicative of saponin. Steroid rings were in-
dicated by the reaction with H,SO, in chloroform solution.
The reddish-brown color on the interface was taken as
positive for steroid rings [27].

2.5. Quantitative Determination of Flavonoids, Antioxidant
Capacity, and Reducing Power of MO Infusion and Ethanol
Extract. To achieve a comprehensive screening and quan-
tification of flavonoid compounds, along with assessing the
antioxidant capacity and reducing power of the Moringa
oleifera (MO) infusion and ethanol extract, additional assays
were conducted. For the MO infusion tea, a 1.0 ml sample of
the infusion filtrate was pretreated by lyophilization using an
ILShinBioBase freeze dryer (model TFD8503, Korea). This
lyophilization process effectively removed the water content,

maintaining the constituents of the infusion in a dry state.
The resulting lyophilized powder was stored in an ultra-
cooler at —40°C until analysis. For both the MO extract and
the lyophilized infusion, the working concentration was
adjusted to 5mg/ml for subsequent analysis.

The analysis involved the determination of total flavo-
noid content (TFC), expressed as quercetin equivalent in ug/
mg of extract, using the method by Wakeel et al., 2019 [28].
In addition, total antioxidant capacity (TAC) was assessed
through the phosphomolybdenum method [29, 30], using
ascorbic acid as the positive control. The calculation of
antioxidant capacity followed the formula: % antioxidant
capacity =[1-(OD of the sample/OD of the control)] *
100. Furthermore, the ferric reducing power assay (FRPA)
was conducted using the potassium ferricyanide-ferrous
chloride method [31, 32], with modifications from Wakeel
etal,, 2019. The reducing power was calculated as % reducing
power = [1 — (OD of the sample/OD of the control)] * 100.
All the determinations were carried out using a BioMate
THERMO spectrophotometer (USA).

2.6. Nuclear Magnetic Resonance General Screening. In order
to obtain a general screening of the compounds in the MO
infusion and ethanolic extract that used a nuclear magnetic
resonance (NMR) (*H and '3C), spectra were obtained using
a Bruker NMR spectrometer (Bruker, Leipzig, Germany),
with an operating frequency of 400 and 100 MHz, re-
spectively. For the Moringa oleifera (MO) infusion tea,
a sample pretreatment was conducted by lyophilizing an
infusion sample using an ILShinBioBase freeze dryer (model
TFD8503, Korea). It is important to note that a larger
quantity of the infusion sample was lyophilized for analysis,
(30ml of infusion filtrate) following the conditions de-
scribed above. In addition, the ethanol extract was directly
prepared for analysis using the extract obtained previously.
Both the MO-lyophilized infusion and the ethanol extract
were analyzed at a concentration of 10 mg/ml for consis-
tency in testing conditions employing CDCl; (Chloroform-
d, Sigma Aldrich, USA) as a solvent. The chemical shifts are
given in § (ppm), and coupling constants (J) are reported in
Hz. The chemical shifts obtained were compared with some
of the isolated compounds from M. oleifera leaves (see S2
Table).

2.7. Experimental Animals. The research was conducted as
a prospective, single-blind, 4-arm, parallel-group, ran-
domized, preclinical trial, adhering to the guidelines out-
lined in the “ARRIVE Essential 10” for Animal Research (see
Figure 1) [33]. Blinding consisted of the evaluators not
knowing the group to which the mice or samples analyzed
belonged (pathologist, evaluator of blood, and biochemical,
motor, or behavioral tests) [33]. The calculation of the
sample size in this study was based on the formula derived
from previous reports, which takes into account the as-
sessment of incidence [34] and uses the reduction of non-
alcoholic fatty liver disease (NAFLD) as the primary
outcome measure [35]. It was determined that a minimum
of nine animals per group was necessary to establish
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FIGURE 1: General diagram of the research. BALB/c mice were fed a balanced diet (healthy control) or a high-fat diet for 6 months. With this,
the NAFLD model was established before starting a therapeutic intervention with MO for 2 months.

meaningful comparisons. A total of 44 mice were randomly
assigned to four groups for the purpose of this study.

This experimental study included 44 BALB/c mice
(Envigo®, Mexico) between 4 and 6 weeks old with an initial
weight of 22 to 25g. The 44 mice were randomly assigned
into two groups: a healthy group (n=11, consisting of 6
males and 5 females) and an NAFLD experimental group
(n=33, comprising 18 males and 15 females). The mice were
kept in cages, with a maximum of 5 mice per group.
Conditions were controlled (12 h: 12 h light/dark cycle, 23°C
temperature with 50% humidity), and the animals had access
to food and water ad libitum. 11 mice were fed with
a standard diet made up of 44.2% carbohydrates, 18.6%
protein, 3.5% fiber, and 6.2% net fat (2018S Teklan and
Global 18% Protein Rodent Diet, Envigo®, USA) and
therefore were considered the normality reference (healthy
group). All mice were placed with a metal tag with a unique
number on the pinna of the ear, which allowed correct
identification during the experiment. For the induction of
the NAFLD model, 33 mice were fed with a high-fat diet
(HFD) that was made up of 46.9% carbohydrates, 17.3%
protein, 25% net fat, 1.25% cholesterol, and 0.5% cholic acid
[35]. The model used to generate nonalcoholic fatty liver
(NAFLD) requires 6 months of exposure to a high-fat diet to
express pathophysiological alterations similar to the pro-
gression of the disease in humans and to facilitate the ex-
amination of long-term treatments and their effects [36].
After 6 months of administering the aforementioned diets
(with the established NAFLD model), HFD-fed mice were
randomly divided into three groups, of which two groups
were given therapeutic treatment with MO (NAFLD-MO
infusion and NAFLD-MO ethanolic extract groups), leaving
one group without treatment (the NAFLD-placebo group,

with administration of saline solution), which was the point
of reference for the pathologic alterations caused by the
model. Randomization was performed using computer-
generated random allocation cards. The treatments were
administered for 60days (from the sixth to the eighth
month). At the end of the treatment, a glucose tolerance
curve and psychomotor analysis were performed. After the
completion of the treatment period, euthanasia was per-
formed on all animals twenty-four hours later. Trained
research personnel conducted euthanasia in accordance with
the American Veterinary Medical Association’s (AVMA)
Guidelines for Euthanasia of Animals: 2020 Edition. Prior to
euthanasia, mice were anesthetized with intraperitoneal
administration of sodium pentobarbital at a dose of 50 mg/
kg. Manual cervical dislocation was then carried out, in-
volving the placement of the thumb and forefinger on either
side of the neck at the base of the skull, just behind the ears,
while keeping the head still. Simultaneously, the other hand
pulled on the base of the tail with a firm, steady motion,
causing the cervical vertebrae to detach from the skull [37].
Subsequently, blood samples were collected by cardiac
puncture for further biochemical analyses. The weight of
mice in all groups ranged from 21.2 to 38.3 grams, within the
allowable weight for euthanasia by cervical dislocation [37].
The livers were promptly excised, weighed, and subjected to
histopathological examination, as illustrated in Figure 1. In
addition, the right kidney, left kidney, pancreas, brain,
ovaries, and epididymal fat pad were obtained and weighed.
Trial protocols were approved by Colima State Cancer In-
stitute’s Research Ethics Committee, Mexico (Protocol
Number: CEICC-240818-ETAMORI-010), which ensured
compliance with national and international legal and ethical
requirements. Animals were handled in accordance with
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institutional guidelines, the Mexican official norm governing
laboratory animal use (NOM-062-ZOO0O-1999) and the
National Academy of Science’s (2011) Guide for the Care
and Use of Laboratory Animals.

This experimental study included four groups: (1)
healthy group; (2) NAFLD-placebo (saline solution); (3)
NAFLD with treatment of ethanolic extract of MO; and (4)
NAFLD treatment with infusion of MO. After two months
of treatment, blood parameters and the liver tissues were
analyzed. Biochemical, histological, and psychomotor ana-
lyzes were performed.

2.8. Dose Calculation. Based on the traditional community
use, the MO infusion is usually prepared with approximately
3 g of dried leaves in 100 ml of water, which is generally
consumed by an adult with a considered average weight of
70 kg. This is equivalent to a usual human dose of 42.85 mg/
kg. With these data, the dose for mice was calculated using
the US FDA recommendations for dose extrapolation be-
tween species [38]. The equivalent mouse dose was 500 mg/
kg/day in 200 ul volume for both extraction systems (in-
fusion and ethanol), determined according to what was
reported in the literature as an optimal dose served [39].
Administration of all groups of treated or untreated mice
was by an orogastric route using saline solution as the
vehicle.

2.9. Body Weight and Food Intake. The body weight (g) was
recorded since day one and then weekly consecutively for
eight months using an automated electronic scale (A & D
Weighing, Limited HR-200, CA, USA). To weigh the mice,
a round plastic container was placed on the scale and tarred
to zero before placing the mouse inside the container. In
addition to this, the daily food intake for each group was
measured weekly for eight months. Food intake was esti-
mated as follows: [total food consumed per cage]/[mice per
cage] x [days of food consumption]. The data are expressed
as the mean+standard deviation or standard error of
the mean.

2.10. Hematic Biometry and Biochemical Profile Analysis.
A sample of blood was obtained by cardiac puncture after
euthanization. The samples were collected and deposited in
vacutainer tubes without anticoagulant (EDTA) allowing
blood to clot. The blood without EDTA was processed in
a Beckman Coulter AC-T instrument (Beckman Coulter,
Inc., Brea, CA, USA), and the following blood parameters
were estimated: erythrocytes, leukocytes, platelets, hemo-
globin, and hematocrit. The blood without anticoagulant
was centrifuged at 3500 rpm for 5 minutes to obtain serum,
which was immediately transferred with a pipette to the
allocated containers and was determined using an automatic
biochemical analyzer (Cobas c111, Roche®, Mexico). The
serum was analyzed for the estimation of the following
biochemical parameters: serum alanine aminotransferase
(SGPT), aspartate aminotransferase (SGOT), cholesterol,
triglycerides (TG), total lipids, urea, and glucose.

2.11. Glucose Tolerance Curve (OGTT). Fasting glucose was
determined at months 0, 3, and 6 (before starting the
treatments). An intraperitoneal glucose tolerance test was
carried out at the 6™ month (before starting treatment) and
8™ month (after 2months of treatment), as described by
Vinué and Gonzélez-Navarro [40]. The animals were made
to fast for a period of 6 hours. The blood was collected from
the tail vein of each mouse (20 ul), and before initiating the
tests, 0-minute blood samples were withdrawn to estimate
fasting glucose levels. The intraperitoneal injection of glu-
cose at a dosage of 2 mg/kg was performed, and the levels of
blood glucose were measured at intervals of 0, 30, 60, 90, and
120 minutes following administration. The area under curve
(AUC) was calculated by using the trapezoid rule [41].

2.12. Histopathologic Liver Analysis. The liver tissues were
fixed, processed, embedded in paraffin wax, sectioned (5 ym
thick), stained (hematoxylin/eosin), and analyzed on digital
images of the entire surface of each liver sample (right and
left lobules) as previously described [42]. A pathologist
conducted a blinded evaluation of all histological parame-
ters. Hepatic steatosis was classified according to the per-
centage of liver tissue that presented with fat accumulation,
which was grade 0 (absent), grade 1 or mild (up to 33%),
grade 2 or moderate (between 33 and 66%), and grade 3 or
severe (more than 66%) [36]. Inflammation was evaluated by
functioning histologic zones depending on the oxygen
supply as previously described, being classified into four
categories according to the percentage of tissue presenting
with inflammatory infiltrate: none (0%), mild (1 to 32%),
moderate 33-66%), and severe (>66%) [42, 43].

2.13. Locomotor Activity Evaluation. The psychomotor
analysis experiments are crucial for evaluating the potential
impact of Moringa oleifera treatment on both anxiety-related
behavior and muscular tone in mice. These assessments will
provide a comprehensive understanding of the treatment’s
effects, aligning with the goal of exploring the broader
implications of Moringa oleifera in the context of non-
alcoholic fatty liver disease (NAFLD).

2.14. Open Field. Following the treatment, mice were
evaluated for locomotion impairment using an open field
activity monitoring system, which is a useful tool for
studying locomotion impairment in animal models [44].
This test was carried out as previously described by Montes-
Galindo et al.,, 2019 [42], considering an alteration in the
locomotor activity in case a significant change occurred in
the speed of the experimental group, compared to that of the
control group [45].

2.15. Elevated Plus Maze. A widely used rodent behavioral
assay called the elevated plus maze has been validated for
assessing the antianxiety effects of medications [46]. This
evaluation was carried out following previously reported
specifications [47], calculating the anxiety-like behavior
index according to Cohen et al. [48].



2.16. Rotarod Test. When the treatments were finished the
mice were trained on 3 consecutive days on a rotarod
(LE8300; Letica LSI, Pan-lab Scientific Instruments, Bar-
celona, Spain) at a speed of 18 rotations per minute. We
recorded rotations and falls. These variables were used to
identify any alterations in motor coordination and
balance [49].

2.17. Statistical Analysis. For descriptive statistics, the data
were represented as the mean + standard deviation, or, in
certain cases, utilizing the standard error of the mean (SEM).
The normal distribution of the data was evaluated through
the application of the Kolmogorov-Smirnov test. Sub-
sequently, the equality of variances was verified using
Levene’s test. To ascertain differences between groups, one-
way ANOVA was performed, followed by Tukey’s test post
hoc analysis. The statistical analyses were conducted using
IBM SPSS version 20 software (IBM SPSS, Chicago, Illinois,
USA). A p value of <0.05 was used to determine statistical
significance.

3. Results

The resultant yield of the ethanolic extract of MO was de-
termined to be 3.5% w/w. The phytochemical analysis
(Table 1) carried out on the ethanolic extract of the MO leaf
extract revealed the presence of tannins, alkaloids, steroids,
and saponins. On the other hand, in the aqueous infusion, it
was possible to detect flavonoids, steroids, saponins, and
a slight presence of alkaloids. These compounds represent
some of the prominent metabolite families within the plant
species. However, it is important to note that the list pro-
vided is not exhaustive, and the presence of other phyto-
chemicals cannot be ruled out. Other compounds not
included in the analysis might also contribute to potential
pharmacological activities, but further studies are necessary.

The total flavonoid content in M. oleifera samples was
quantified using a standard quercetin calibration curve
(y=0.0027x + 0.0058, R* = 0.9986). The results are expressed
in Table 1 as the total flavonoid content (TFC) in ug of
quercetin equivalents (QE)/mg by extract. The highest fla-
vonoid content was quantified in the infusion tea, reaching
172.66 +7.58 ug/mg extract, while the ethanolic extract
showed a concentration of 19.40 +10.68 ug/mg. The re-
duction of ferricyanide (Fe*™) to ferrous state (Fe*™) by plant
phytochemicals is a good indicator of antioxidant activity
[50]. In this study, the percentage (%) of reducing power of
the ethanol extract of M. oleifera was estimated against the
standard drug ascorbic acid (Table 1). The reducing capacity
of both Moringa samples (extract and infusion) showed
values near that of ascorbic acid. In the case of the anti-
oxidant activity in comparison to the ascorbic acid, both
samples show a near 50% activity. In particular, the ethanol
extract of Moringa slightly surpasses the infusion by around
10%.

"H and >C NMR spectra as shown in Figures S1-S4 were
obtained for the evaluated extracts (MO EtOH and in-
fusion). Signals in the spectra were assigned, and the shifts
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were compared to isolated compounds from M. oleifera (S1
Table). Regarding the extract, it could be hypothesized that it
is rich in alkaloid-type compounds. In these extracts, some
of the signals obtained in 'H and '*C are like those reported
for niazirin and also similar to niazirinin; alkaloids were
identified from MO leaves [51, 52]. Both the extract and the
infusion presented signals around 7.05 to 9.03 ppm, like
what was expected for this type of alkaloids. In respect to the
MO infusion, most of the signals assigned are found in the
ethanolic extract but in smaller intensity (125 to 140 ppm).
The comparison with the literature allowed us to compare
some triterpene molecules, such as f-sitosterol [53], finding
that this possible presence could explain the positive re-
action with the sulfuric acid result obtained in the pre-
liminary phytochemical screening. Based on the comparison
of the NMR spectra and the phytochemical background of
the species, it is suggested that the MO extract and infusion
evaluated in these experiments are mostly composed of
alkaloids, triterpenes, and flavonoids, which are glycosylated
evidenced by signals around 3.0-5.0 ppm.

3.1. Food Intake and Weight Gain. Regarding food con-
sumption, throughout the period from the fourth to the sixth
month (5.32+0.6 in healthy vs. 7.40+ 0.3 in the NAFLD
model for the fourth month and 6.17+1.2 in healthy vs.
8.15+0.2 in the NAFLD model for the sixth month), it was
consistently found that the mice in the NAFLD model
presented a significantly higher consumption than those in
the healthy group (p <0.001 for all periods).

Once the treatments started (sixth month), during
2 months that MO was administered, it was observed that in
the last month, the NAFLD-MO infusion group consumed
significantly less food than the NAFLD-placebo group
(5.64+2.0gvs.11.0+2.9¢g, p = 0.020), and when comparing
between the group treated with NAFLD-MO infusion vs.
NAFLD-MO ethanolic extract, it was found that the group
that received infusion consumed significantly less food than
the group that received extract (5.64 +2.0g vs. 10.27+1.4g,
p =0.010) (see Figure 2(a) and SII Table).

Regarding the weight gain from the third month until
the end of the treatments, there was significantly greater
weight gain in the NAFLD-placebo vs. the healthy group
(36.92+2.1 vs. 29.95+2.2, p<0.001). In the last month of
the treatment, less weight gain was observed only in the
NAFLD-MO infusion group compared to the NAFLD-
placebo group (25.70+1.2g vs. 36.92+2.1g, respectively,
p<0.001), as well as to the NAFLD-MO ethanolic extract
(25.70£1.2g vs. 35.53+1.9g, respectively, p<0.001), and
even with the healthy group (25.70+1.2g vs. 29.95+2.2 ¢,
respectively, p<0.001), see Figure 2(b) and SII Table.

3.2. Biochemical and Hematological Parameters. A signifi-
cant decrease in cholesterol, triglycerides, total lipids, SGOT,
SGPT, and glucose was found in the NAFLD groups treated
with MO infusion and in ethanolic extract compared to the
NAFLD-placebo group (p = 0.001). When doing the com-
parison between the group treated with infusion vs. etha-
nolic extract, lower levels of triglycerides SGOT and SGPT



Journal of Nutrition and Metabolism

TaBLE 1: Phytochemical screening components of M. oleifera ethanolic extract and infusion.

Phytochemical compounds

MO ethanolic extract

MO infusion tea

Tannins +
Flavonoids -
Steroids +
Alkaloids +++
Saponins +
TEC**

FRPAP*
TAC®*

QE =19.40 + 10.68 ug/mg extract
% age reduction = 102.62 +5.30
% age TAC=65.57 +1.27

+ + +

++
QE =172.66 + 7.58 ug/mg extract
% age reduction=92.25+3.6
% age TAC =56.62 +0.42

+++ =appreciable amount (positive within 5mins); ++ =moderate amount (positive after 5mins but within 10 mins); +=trace amount (positive after
10 mins but within 15 mins); — = completely absent. “TFC: expressed in quercetin equivalents (QE) ug/mg of extract. "FRPA: expressed as % reducing power
relative to the ascorbic acid control. “TAC: expressed as % antioxidant capacity relative to the ascorbic acid control. *Concentration at 5mg/ml.

15 -

Z 12 -

w

A E
g 94

&

20

[}

Té 6 - B
R=!

§ 3 — — D
(a8 -+

Treatment hight fat diet : Beginning of

or standar diet the treatment

0 T T T T T T T |
0 1 2 3 4 5 6 7 8
Months
Groups
—@- Healthy ¥~ NAFLD-MO extract
- NAFLD- —A— NAFLD-MO infusion
placebo

(a)

s
[sa)
»
+
=
&
35
=
20
o
Z 4 —)
20 Treatment hight fat diet Beginning of
or standar diet the treatment
0 — T T T T T T T 1
0 1 2 3 4 5 6 7 8
Months
Groups
-@- Healthy ¥~ NAFLD-MO extract
- NAFLD- —A— NAFLD-MO infusion
placebo

()

FiGURre 2: Food intake and body weight evolution in the groups. (a) Food intake; (b) body weight evolution. All values are expressed as
mean = SEM, (1 = 11); the differences of Tukey’s post hoc analysis are marked when they are significant: * p < 0.05, healthy vs. NAFLD model
genesis, Bp <0.05, healthy vs. NAFLD-placebo, Cp <0.05, healthy vs. NAFLD-MO infusion, Dp <0.05, NAFLD-placebo vs. NAFLD-MO
infusion, and ¥ p <0.05, NAFLD-MO extract vs. NAFLD-MO infusion. The comparisons between NAFLD-placebo vs. NAFLD-MO extract
and healthy vs. NAFLD-MO extract did not show statistically significant differences at a significance level of p <0.05.

were found in the group that received infusion vs. the
ethanolic extract (p = 0.020). On the other hand, regarding
the hematic parameters, only significantly higher hemo-
globin levels were found in the group treated with infusion
than in the healthy control group (p = 0.001), as shown in
Table 2.

3.3. Glucose Tolerance Curve. With the aim of ensuring the
comprehensive monitoring of individuals throughout the
study, observations were made at months 0, 3, and 6. Basal
fasting glucose levels were comparable across all groups at
the study’s onset (p = 0.153). The influence of a high-fat diet
on hyperglycemia became evident after three months, as
evident when compared with the standard diet (Table 3).
Before the commencement of any treatments, a glucose
tolerance test was conducted at the 6-month mark. This
assessment highlighted that the healthy group displayed
significantly lower glucose levels (across all measurement

intervals: basal, 0, 30, 60, 90, and 120 minutes) when con-
trasted with all NAFLD-afflicted groups (p <0.001).

This background context sets the stage for understanding
the subsequent results. Considering these observations, the
MO treatment displayed reductions in glucose levels within
the NAFLD-MO ethanolic extract group, establishing its
superiority over the NAFLD-placebo group (p = 0.010).
Moreover, a direct comparison between the NAFLD-MO
infusion group and the NAFLD-MO ethanolic extract group
highlighted consistently lower glucose levels in the latter
(p = 0.001), as detailed in SIII Table and visually depicted in
Figure 3.

3.4. Organ’s Weight. The measurements of organ weights,
including the liver, right kidney, left kidney, pancreas, brain,
and ovaries, as well as the epididymal fat pad, are detailed in
Table 4. This comprehensive evaluation was conducted as
part of the study’s effort to provide insights into the potential
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TABLE 2: Biochemical and hematic parameters according to the groups studied.
Parameters Healthy NAFLD-placebo ~ NAFLD-MO ethanolic NAFLD-MO
(n=11) (n=11) extract (n=11) infusion (n=11) ANOVA

Cholesterol (mg/dL) 116.9+12.0 181.2 + 15.0° 1201 +11.8¢ 104.3 +11.4° <0.001
Triglycerides (mg/dL) 114.8 £ 15.5 185.5+12.6% 116.6 + 15.7¢ 93.8+11.2°f <0.001
Total lipids (mg/dL) 156.1 +9.6 299.8 +15.1% 199.3 + 14.1¢ 184.3 +13.0° <0.001
Biochemical SGOT (U/L) 184.0 £ 14.2 403.0+12.1% 210.1 +14.3¢ 178.1 +15.0° <0.001
SGPT (U/L) 1289+11.9 241.6 + 16.3% 130.8 +13.9¢ 113.2 +7.0° <0.001
Blood glucose (mg/dL) 88.9+13.8 141.1 £20.9% 109.0 +9.2¢ 114.1 + 14.8¢ 0.002
Urea (mg/dL) 11.9+5.3 154+5.8 12.8+2.8 11.7+5.1 0.525
Hemoglobin (g/dL) 125411 143+0.5° 1418 +0.2 14.2+0.7¢ <0.001
Hematocrit (%) 35.6+4.1 397415 37.77£0.1 40.0+0.74 0.902
Hematic Platelets (10"3/ul) ~ 1207.2+38.1 1210.8+48.8 1008.7 + 54.1 1127.1+31.5 0.575
Leukocytes (10°9/uL.  6.4%2.0 64+21 6.4+ 1.6 6.45+0.6 0.262
Erythrocytes (10"12/ul)  81+1.0 7.7+0.9 7.6+0.2 7.80+0.3 0.675

All values are expressed as mean+ SEM; the differences of Tukey’s post hoc analysis are marked when they are significant: *p <0.05, healthy vs.
NAFLD-placebo, °p <0.05, healthy vs. NAFLD-MO ethanolic extract, <p < 0.05, healthy vs. NAFLD-MO infusion, 4p <0.05, NAFLD-placebo vs.
NAFLD-MO ethanolic extract, °p < 0.05, NAFLD-placebo vs. NAFLD-MO infusion, and 'p < 0.05, NAFLD-MO ethanolic extract vs. NAFLD-MO infusion

(n=11 per group).

TasLE 3: Fasting glucose levels (mg/dL) at various times during
NAFLD model generation.

Glucose  Healthy (n=11) NAFLD model (n=33) p Ttl;ls(fy s
Initial 84.80+0.8 88.60 +3.3 0.155

3 months 94.00 £0.7 99.02 +2* <0.001
6 months 96.70+2.4 138.00 +2.0% <0.001

All values are expressed as mean + SEM; the differences of Tukey’s post hoc
analysis are marked when they are significant: *p < 0.05, when compared
healthy vs. NAFLD-placebo (n=11 per group).

safety implications of MO. Notably, a significantly lower
liver weight was found in the group treated with infusion
compared to the NAFLD-placebo group (p = 0.048), and
a corresponding significant reduction in epididymal fat pad
was also observed (p = 0.001), as indicated in Table 4.

3.5. Histopathological Parameters. Regarding steatosis and
inflammation, significantly lower percentages were found in
the two NAFLD groups treated with MO than in the
NAFLD-placebo group (p<0.001). When making the
comparison between the NAFLD groups treated with MO,
significantly lower percentages of steatosis and in-
flammation were observed in the group that received the
infusion than in the group treated with the ethanolic extract
(p =0.002), as can be seen in Table 5 and Figure 4.

3.6. Locomotor Activity Evaluation. To evaluate mobility
strength, we measured the number of rotations and turns.
Regarding the number of rotations, a significantly higher
number was observed in the NAFLD group treated with
infusion than in the SD diet and the NAFLD-placebo group
(p =0.003). On the other hand, regarding the number of
falls, a significantly lower number of falls were observed in
the NAFLD groups treated with MO in relation to NAFLD
with placebo (p <0.001). Finally, the anxiety-like behavior
index was calculated in the elevated plus-maze experiment.

In this experiment, the anxiety-like behavior index is re-
ferred to as the number of crossings of the mouse between
the open and closed arms, as well as, the time that it
remained in each of the arms of the maze. In our results,
a lower anxiety-like behavior index was found in the NAFLD
group treated with MO in the form of infusion than in the
NAFLD-placebo group, and even to the healthy group
(p <0.001). When making the comparison between infusion
vs. ethanolic extract, the group with infusion showed a lower
rate of anxiety-like behavior (p < 0.001), as shown in Table 6.

4. Discussion

The objective of the present study was to compare the ef-
ficacy of hot tea infusion vs. ethanolic extract of MO for the
simultaneous treatment of nonalcoholic fatty liver, hyper-
lipidemia, and hyperglycemia in a murine model fed with
a high-lipid diet and an established NAFLD. An important
point to discuss is that the same amount of ethanolic extract
was used as the leaf used for the infusion (traditional form)
[16, 17]. Although the concentration of metabolites would be
different, the objective of the study is to present a compar-
ison of the response to exposure of Moringa oleifera as
a reflection about what the population consumes. However,
future studies are required to clarify the concentration of
metabolites consumed by the individual in an infusion and
in an ethanolic preparation.

First, the findings showed that the administration of MO
in both infusion and ethanolic extract in individuals with
NAFLD reduced food intake, when compared with the
NAFLD group with placebo at the seventh month. This
result coincides with previous studies, which have identified
that the administration of ethanolic extract for 49 days [51]
and methanolic extract of MO to mice fed with HFD re-
duced the food consumption, even, as early as, 21 days after
beginning the extract administration [52]. In the same way,
Rojas-Silva found that the cumulative food intake was lower
in the group of mice fed with an HFD +5% MO concentrate
from 12 week [53].
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F1GURE 3: Glucose tolerance curve in the groups. (a) Baseline: before starting the treatments, the healthy group obtained significantly lower
glucose levels (at all measurement times, basal, 0, 30, 60, 90, and 120 minutes compared to all NAFLD groups (p <0.001). (b) After
treatment: at the end of the treatment with MO. (c) AUCs of glucose levels (mgmin/dl) calculated according to trapezoid rules with those
from OGTT. All values are expressed as mean + SEM, and differences from paired t-test analysis are marked when they are significant:
Ap <0.05, healthy vs. NAFLD-placebo, ®p < 0.05, healthy vs. NAFLD-MO ethanolic extract, “p < 0.05, healthy vs. NAFLD-MO infusion,
b P <0.05, NAFLD-placebo vs. NAFLD-MO ethanolic extract, and E P <0.05, NAFLD-MO ethanolic extract vs. NAFLD-MO infusion. n =11
per group.

TaBLE 4: Organ weight of the experimental groups.

Organ Healthy NAFLD-placebo NAFLD-MO ethanolic extract NAFLD-MO infusion P
weight (g) (n=11) (n=11) (n=11) (n=11) ANOVA
Liver 1263.2 +£347.7 1531.4+298.3 1379.5+379.6 1174.5 +160.6° 0.002
Right kidney 0.16£0.03 0.20+0.10 0.19+0.01 0.19+0.02 0.124
Left kidney 0.17+0.03 0.20+0.03 0.19+0.04 0.19+0.04 0.340
Pancreas 125.0 +£40.0 157.0 £ 68.5 128.5+35.6 139.5+33.9 0.506
Brain 420.6 £0.36 414.3+19.8 400.8 £28.2 408.7 0 .42.9 0.833
Ovaries 219.9+69.6 232.3+0.57.7 234.9+108.3 236.6 £ 36.0 0.154
Epididymal fat* 133.2+£18.8 303.4 +106.4° 214.8 +22.9°¢ 207.5 +33.9° <0.001

All values are expressed as mean + SEM; the differences of Tukey’s post hoc analysis are marked when they are significant: *p < 0.05, when compared healthy
vs. NAFLD-placebo, b p<0.05, healthy vs. NAFLD-MO ethanolic extract, “p <0.05, healthy vs. NAFLD-MO infusion, d p<0.05, NAFLD-placebo vs.
NAFLD-MO ethanolic extract, °p <0.05, NAFLD-placebo vs. NAFLD-MO infusion, (1 =11 per group). *Only for male mice in each group (healthy group
(n=6) and NAFLD-placebo and experimental groups (n=6)).

TaBLE 5: Histopathological parameters according to the groups studied.

NAFLD-MO e
Parameters Healthy (n=11) NAFLD-placebo ethanolic extract NAFLD-MO infusion p ANOVA
(n=11) (n=11)
(n=11)
% steatosis 5.00+3.3 68.18 +10.5° 20.41 +8.5° 14.1 +3.1°¢ <0.001
9% inflammation 0 (0-1) 3 (2-3)? 2 (1-2)° 1 (1-2)¢ <0.001

All values are expressed as mean + SEM, the differences of Tukey’s post hoc analysis, Kruskal-Wallis, and Wilcoxon are marked when they are significant:
*p<0.05 when compared healthy vs. NAFLD-placebo, b p<0.05, NAFLD-placebo vs. NAFLD-MO ethanolic extract, “p <0.05, NAFLD-placebo vs.
NAFLD-MO infusion, and ¢ P <0.05, NAFLD-MO ethanolic extract vs. NAFLD-MO infusion (1 =11 per group). 0: none, 1: mild, 2: moderate, and 3: sever.
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FiGure 4: Histopathological parameters in the groups. It is possible to observe that the liver tissues in the standard diet (SD) group do not
show pathological changes. The NAFLD-placebo group shows a greater presence of signs of steatosis and inflammation than the liver tissues
of the groups treated with NAFLD-MO. As an example, the black arrow shows an area of steatosis, while the blue arrow shows the presence
of inflammatory cells. Microphotographs stained with hematoxylin and eosin at xx magnification, with the framed area presumably at X200
magnification.

TABLE 6: Locomotor activity evaluation according to the groups studied.

NAFLD-placebo  NAFLD-MO ethanolic =~ NAFLD-MO infusion

Parameters Healthy (n=11) (n=11) extract (n=11) (n=11) p ANOVA
Number of rotations 8.85+2.5 91+£3.0 12.58 +4.4 15.00 +4.7>¢ 0.003
Number of falls 17.07 +3.7° 2191+3.1 16.58 +3.2¢ 16.25 +2.2¢ <0.001
Anxiety-like behavior index 0.86 +0.09 0.86+£0.11 0.84+0.18 0.68 +0.18™%4¢ <0.001

All values are expressed as mean+SEM; the differences of Tukey’s post hoc analysis are marked when they are significant: *p <0.05, healthy vs.
NAFLD-placebo, °p <0.05, healthy vs. NAFLD-MO infusion, “p < 0.05, NAFLD-placebo vs. NAFLD-MO ethanolic extract, “p <0.05, NAFLD-placebo vs.

NAFLD-MO infusion, and °p <0.05, NAFLD-MO ethanolic extract vs. NAFLD-MO infusion (n =11 per group).

It is important to highlight that in the group treated with
the infusion of MO, the food intake of mice was significantly
reduced (from the seventh to the end of the experiment),
simultaneously leading to weight loss (see Figure 2) and
improvement in NAFLD (see Figure 4). These phenomena
could be related to the expression of anorexigenic peptides,
both of hypothalamic and intestinal origin, which play an
important role in the pathology of NAFLD [54, 55] and may
be modulated by the metabolites present in the infusion (see
Table 1). However, further experiments are necessary to
identify and isolate the specific metabolites present, eluci-
dating their mechanisms of action.

Second, the present study identified a decrease in the
levels of total cholesterol, triglycerides, total lipids, SGOT,
SGPT, and glucose in the groups treated with MO, in both
infusion and ethanolic extracts, compared to the NAFLD
group without treatment. This finding supports earlier re-
ports that have suggested that MO at different doses lowers
total cholesterol [56, 57], triglycerides [58], ALT, and AST
[59] in rats fed with HFD + MO in different doses.

Figure 4 shows that the mice treated with the ethanolic
extract of MO presented better glycemic control than the
mice treated with the infusion. This effect could be due to
differences in the composition and abundance of the

secondary metabolites (alkaloids). Some previous phyto-
chemical studies indicate that high polarity extracts (ethanol
and methanol) [60] are abundant in pyrrole-type glycosy-
lated alkaloids (niazirin, niazirinin, marumoside A, mar-
umoside B, 4-((4'-0-acetyl-a-L-rhamnosyloxy) benzyl)
isothiocyanate, and pyrrolemarumin-4"-O-a-L-rhamno-
pyranoside) [61, 62]. These high polarity extracts have shown
antidiabetic activity, anti-inflammatory capacity, and radical
scavenging activity [63]. It is important to point out that, in
the preliminary phytochemical tests, the ethanolic extract
showed a more intense response to the alkaloid assay, which
could probably explain its better effect on glycemia man-
agement. However, more studies are required to identify,
isolate, and evaluate these compounds, as well as the mo-
lecular mechanisms involved in this phenomenon.
Previous research has revealed that cholesterol decrease
is possibly attributable to the presence of bioactive phyto-
constituents, known as 0- and S-sitosterols [60, 61] that are
known for reducing the level of LDL-c in serum without
modifying the high-density lipoproteins or triglycerides
(60, 63]. Another suggested reason why MO exerts hypo-
lipidemic effects is chlorogenic acid (CGA), since it is one of
the bioactive components present in sufficient quantities in
MO [64]. Although the exact phytoconstituent responsible
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for the effects observed in this study is not yet known, studies
have shown that many of these phytochemicals possess
beneficial effects, such as stimulation of glucose transport,
inhibition of adipocyte differentiation, lowering of ALT,
AST, total cholesterol, and triglycerides [65], and the at-
tenuation of oxidative stress [57].

Third, one of the indicators used to identify the thera-
peutic effect of MO on NAFLD has been hepatic steatosis;
our results showed a quantitative-qualitative decrease in
steatosis after the administration of MO, in infusion or
ethanolic extract. The effect of MO on steatosis has been
reported in some studies. For example, Faizi et al., after
feeding rats with an HFD for 49 days, observed a develop-
ment of a high degree of steatosis in the rats; however, the
group exposed to the HFD plus daily supplementation of
400 mg/kg of methanolic extract of MO showed a decrease in
the development of hepatic steatosis [52]. Similarly, another
study using MO at a high concentration (15%) showed
a lower degree of steatosis in animals fed an atherogenic diet.
Finally, MO has been associated with hepatoprotective ef-
fects not only in response to the consumption of unbalanced
diets but also in mitigating potential liver damage by drug-
induced toxicity [66, 67]. Despite the evidence of the positive
effect of MO on hepatocytes, the mechanisms involved have
not been fully elucidated. The literature suggests that MO
may prevent hepatic steatosis by affecting gene expression
related to hepatic lipid synthesis, resulting in lower cho-
lesterol and triglyceride concentrations and reduced in-
flammation in the liver [68]. Quercetin and chlorogenic acid
have demonstrated the ability to reduce triglyceride by
inhibiting diacylglycerol acyltransferase-2 (DGAT2) [68],
a key microsomal enzyme involved in the biosynthesis of
TG. Given that MO is rich in these compounds [64], it is
speculated that their presence in MO may contribute to
decrease DGAT2 expression, potentially explaining the
observed reduction in triglyceride concentrations in animal
models with MO administration [68].

Likewise, it is presumed that the therapeutic effects of
MO may be attributable to characteristic phytochemicals,
glucosinolates, and isothiocyanates, found in many parts of
the MO tree and quite prominently in its leaves, which
participate in the elimination of reactive oxygen species and
cellular redox balance [20, 69].

Fourth, the second and last histological indicator to
identify the therapeutic effect of MO on NAFLD was hepatic
inflammation. The effect of MO on inflammation has been
studied to a lesser extent. Among the findings, there are
those that showed that chronic exposure to an
HEFD + supplementation of methanolic extract of MO pre-
vented the formation of hepatic inflammation compared to
nonsupplemented animals, who developed a higher degree
of inflammation [51].

On the other hand, Hamza et al. confirmed the hep-
atoprotective properties by the marked improvement in the
necroinflammatory score in the animals that received MO
compared to their counterparts who did not [70, 71]. Joung
et al. demonstrated the suppression of inflammation caused
by a high-lipid diet with the administration of MO [72].
These results suggest that MO has hepatoprotective and anti-
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inflammatory properties against liver damage, due to its
antioxidant properties and anti-inflammatory effects [69].

The results showed a significantly greater effect on he-
patic steatosis and inflammation and biochemical values of
ALT, AST, total cholesterol, and triglycerides when the
administration of MO was in infusion. Tea remains one of
the most frequently consumed beverages, on account of its
antioxidant or pro-oxidant properties. Active compounds in
tea, particularly tea polyphenols, can directly or indirectly
scavenge ROS to reduce oncogenesis, cancer, and metastasis
[73, 74]. However, it is possible that the combination of polar
phenolic compounds like flavonoids and tannins with al-
kaloids is responsible for this effect. Preliminary analysis of
the plant’s chemical composition showed that both the
ethanolic extract and the hot water infusion have similar
profiles to the tested secondary compounds, except for
flavonoids (less concentration in MO ethanolic extract than
in infusion). Flavonoids were found in the hot water in-
tusion, likely due to higher extractability caused by heat.
There was also a slight difference in precipitate formation
observed during alkaloid selection. Therefore, it can be
concluded that the slight difference between the two is due to
the variation in phytoconstituent content, which could be
caused by differences in active ingredient concentration or
the decomposition of active ingredients during the prepa-
ration of the hot tea infusion using gentle heat [75]. This
could explain the better results in the infusion used in
our study.

Before addressing behavioral studies, it is important to
highlight that these were carried out based on evidence
establishing a relationship between nonalcoholic fatty liver
disease (NAFLD), anxiety, and depression [76]. Our study,
although primarily focused on investigating NAFLD under
treatment with Moringa, considered the possibility of
comparing potential effects on behavioral aspects. These
aspects serve to explore potential indirect effects associated
with the treatment. In the first place, the detection of al-
kaloids, for instance, within the extract provides valuable
insights into the chemical composition of Moringa oleifera.
Alkaloids are known to have diverse physiological effects,
including potential impacts on behavior. Our results showed
that the group that received MO infusion showed higher
mobility than the SD diet group and the ethanolic extract
group. Regarding anxiety-like behavior, none of the study
groups qualified for anxious behavior. This result may
suggest that although the group that consumed the MO
infusion increased their mobility, they did not present be-
haviors related to anxiety-like behavior. Previous studies
have suggested that MO has protective effects on behavioral
issues. For example, in the study by Islam et al. 2020 [25],
effects of MO were found in the central nervous system for
the control of anxiety-related disorders, and the adminis-
tration of MO was found to be potentially an effective stress
reliever [77, 78]. In fact, the direct relevance of these be-
havioral studies to NAFLD might be limited, and their
inclusion contributes to a holistic understanding of the
treatment’s effects. It is possible that these behavioral
changes, although subtle, could indirectly influence factors
such as food consumption or physical activity, which in turn
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could affect the metabolic parameters under investigation,
such as hyperlipidemia and hyperglycemia, but more studies
are needed. A strength of the study is the simultaneous
analyses of various therapeutic effects of M. oleifera when it
is used in individuals who already have established NAFLD.
Its preventive effect was not analyzed but rather its ability to
reverse various deleterious effects caused by the disease.
Likewise, the effect of the ethanolic extract and the hot MO
infusion was analyzed, which offered information on two
therapeutic presentations, which can be used in the future,
according to the patient’s needs or feasibility of use. One of
the perspectives for the present study is to evaluate both the
M. oleifera infusion and the ethanolic extract in mice on
a standard diet or under other diets such as a ketogenic diet
to determine the presence or absence of possible protective/
toxic effects. The authors are aware that this study has several
limitations since the molecular mechanisms of the thera-
peutic effects found were not analyzed. Likewise, the phy-
tochemical study of the species is not ruled out as a future
possibility and should be explored to clarify the possible
molecular mechanisms responsible for its biological activity.

Furthermore, future studies will aim to investigate the
impact of M. oleifera on inflammatory cytokines, particu-
larly those affecting insulin signaling. In addition, the effect
of M. oleifera treatment on reactive oxygen species (ROS)
and certain activities must be explored to better understand
its potential role in addressing insulin resistance and hepatic
steatosis. As a limitation, it is important to note that the
current study did not examine the expression of SGOT and
SGPT at the levels of mRNA or protein, nor were any
functional assays completed. Understanding the impact of
M. oleifera on these specific markers would provide valuable
insights into its comprehensive effects on liver function.
Future investigations should consider incorporating these
analyses to further enhance the understanding of the
mechanisms underlying the observed outcomes.

Despite these limitations, the current study provided
evidence for the effects of MO on nonalcoholic fatty liver,
hyperlipidemia, and hyperglycemia in an HFD mouse
model, which may contribute to knowledge and future
studies performed in patients with these diseases.

5. Conclusion

In conclusion, chronic oral administration of MO infusion
leaf extract demonstrates a therapeutic impact, improving
liver histology and biochemical markers in a murine NAFLD
model. Furthermore, the therapeutic effectiveness of MO
extract is notably enhanced when administered as an in-
fusion compared to the ethanolic extract in the same NAFLD
murine model. Further investigations are warranted to
elucidate the underlying mechanisms driving these observed
effects.

Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

Journal of Nutrition and Metabolism

Ethical Approval

Trial protocols were approved by Colima State Cancer In-
stitute’s Research Ethics Committee, Mexico (Protocol
Number: CEICC-240818-ETAMORI-010), which ensured
compliance with national and international legal and ethical
requirements. Animals were handled in accordance with
institutional guidelines, the Mexican official norm governing
laboratory animal use (NOM-062-ZO0O-1999), and the
National Academy of Science’s (2011) Guide for the Care
and Use of Laboratory Animals. Mice were euthanized by
manual cervical dislocation performed by trained research
personnel, according to the recommendations of the
American Veterinary Medical Association’s (AVMA)
Guidelines for Euthanasia of Animals: 2020 Edition. Im-
mediately thereafter, blood was collected by cardiac punc-
ture. Briefly, the mice were weighed and anesthetized with
intraperitoneal administration of pentobarbital sodium at
a dose of 50mg/kg, and then, cervical dislocation was
performed by placing the mouse on a flat, firm, stable surface
and placing his thumb and forefinger on either side of the
neck at the base of the skull, just behind the ears, keeping the
head still. With the other hand, he quickly pulled on the base
of the tail with a firm, steady motion, causing the cervical
vertebrae to detach from the skull [32]. The weight of the
mice in all groups ranged from 21.2 to 38.3 grams, indicating
that they were within the allowable weight for euthanasia by
cervical dislocation [32].

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

SICA, IDE, and CASR were responsible for conceptualiza-
tion. SICA, IDE, CASR, NAML, JGM, and NYCA were
responsible for methodology. SICA, JGE, and IPRS were
responsible for software. SICA, NSAC, KAMR, CEBS, and
GAHF were responsible for validation. ARH and MLMF
were responsible for formal analysis. SICA, IDE, and CASR
were responsible for investigation. SICA, IDE, and CASR
were responsible for resources. SICA, IDE, and CASR were
responsible for data curation. SICA, IDE, and CASR were
responsible for writing of the original draft. SICA, IDE, and
CASR were responsible for writing, reviewing, and editing.
SICA, IDE, and CASR were responsible for visualization.
IDE and CASR were responsible for supervision. SICA, IDE,
and CASR were responsible for project administration.
SICA, IDE, and CASR were responsible for funding ac-
quisition. All the authors have read and agreed to the
published version of the manuscript.

Acknowledgments

The authors wish to thank everyone who took part in this
project, with special thanks to Vishlai Pineda for English
language editing and to the CONACYT for the master
scholarship granted to the first author. This study was



Journal of Nutrition and Metabolism

funded by the University of Colima Faculty of Medicine and
the Fundacién para la Etica, Educacién e Invstigacion del
Cancer del Instituto Estatal de Cancerologia de Colima, A.C.
Mexico.

Supplementary Materials

S1 Table: comparisons of chemical shifts of the MO extract
and infusion vs. some of the principal metabolites isolated
from the leaves of Moringa oleifera in CDCl;. SII Table: food
intake and weight of the experimental groups. SIII Table:
glucose tolerance curve according to the groups studied. S1
Figure: "H NMR spectra for the infusion leaves of Moringa
oleifera, "H-NMR in CDCl; (400 MHz). S2 Figure: "H NMR
spectra for the ethanolic extract from the leaves of Moringa
oleifera, "H-NMR in CDCl; (400 MHz). S3 Figure: ">C NMR
spectra for the infusion leaves of Moringa oleifera, >C-NMR
in CDCl; (100 MHz). S4 Figure: C NMR spectra for the
ethanolic extract from the leaves of Moringa oleifera,
13C-NMR in CDCl; (100 MHz). (Supplementary Materials)

References

[1] D.Diaz-Urbina, R. E. Escartin-Pérez, V. E. Lopez-Alonso, and
J. M. Mancilla-Diaz, “Efectos de una dieta con alto contenido
de grasas sobre patrones conductuales alimentarios,” Acta
Colombiana de Psicologia, vol. 21, pp. 95-115, 2018.

[2] A. O. Odegaard, W. P. Koh, J.-M. Yuan, M. D. Gross, and
M. A. Pereira, “Western-style fast food intake and car-
diometabolic risk in an eastern country,” Circulation, vol. 126,
no. 2, pp. 182-188, 2012.

[3] A. Banerjee, D. Das, R. Paul et al,, “Altered composition of
high-lipid diet may generate reactive oxygen species by dis-
turbing the balance of antioxidant and free radicals,” Journal
of Basic and Clinical Physiology and Pharmacology, vol. 31,
no. 3, 2020.

[4] B. A. Neuschwander-Tetri, “Non-alcoholic fatty liver disease,”
BMC Medicine, vol. 15, no. 1, p. 45, 2017.

[5] D. Ferro, F. Baratta, D. Pastori et al., “New insights into the
pathogenesis of non-alcoholic fatty liver disease: gut-derived
lipopolysaccharides and oxidative stress,” Nutrients, vol. 12,
no. 9, p. 2762, 2020.

[6] J. Kim, L. Lee, and S. Lim, “Overweight or obesity in children
aged 0 to 6 and the risk of adult metabolic syndrome: a sys-
tematic review and meta-analysis,” Journal of Clinical Nurs-
ing, vol. 26, no. 23-24, pp. 3869-3880, 2017.

[7] A. Altinbas, J. P. Sowa, T. Hasenberg, and A. Canbay, “The
diagnosis and treatment of non-alcoholic fatty liver disease,”
Minerva Gastroenterologica e Dietologica, vol. 61, no. 3,
pp. 159-169, 2015.

[8] B. W. Smith and L. A. Adams, “Non-alcoholic fatty liver
disease,” Critical Reviews in Clinical Laboratory Sciences,
vol. 48, no. 3, pp. 97-113, 2011.

[9] A. Lonardo, S. Ballestri, G. Marchesini, P. Angulo, and
P. Loria, “Nonalcoholic fatty liver disease: a precursor of the
metabolic syndrome,” Digestive and Liver Disease, vol. 47,
no. 3, pp. 181-190, 2015.

[10] J. C. Arroyave-Ospina, Z. Wu, Y. Geng, and H. Moshage,
“Role of oxidative stress in the pathogenesis of non-alcoholic
fatty liver disease: implications for prevention and therapy,”
Antioxidants, vol. 10, no. 2, p. 174, 2021.

13

[11] G. K. Tolman and S. A. Dalpiaz, “Treatment of non-alcoholic
fatty liver disease,” Therapeutics and Clinical Risk Manage-
ment, vol. 3, pp. 1153-1163, 2007.

[12] L.  Valenzuela-Vallejo, V. Guatibonza-Garcia, and
C. S. Mantzoros, “Recent guidelines for non-alcoholic fatty
liver disease (NAFLD)/fatty liver disease (FLD): are they al-
ready outdated and in need of supplementation?” Metabolism,
vol. 136, Article ID 155248, 2022.

[13] A. Sofowora, E. Ogunbodede, and A. Onayade, “The role and
place of medicinal plants in the strategies for disease pre-
vention,” African Journal of Traditional, Complementary and
Alternative Medicines: AJTCAM, vol. 10, no. 5, pp. 210-229,
2013.

[14] K. Dhama, K. Karthik, R. Khandia et al., “Medicinal and
therapeutic potential of herbs and plant metabolites/extracts
countering viral pathogens- current knowledge and future
prospects,” Current Drug Metabolism, vol. 19, no. 3,
pp. 236-263, 2018.

[15] O. O. Oguntibeju, G. Y. Aboua, and E. I. Omodanisi, “Effects
of Moringa oleifera on oxidative stress, apoptotic and in-
flammatory biomarkers in streptozotocin-induced diabetic
animal model,” South African Journal of Botany, vol. 129,
pp. 354-365, 2020.

[16] M. E. O. Olson and J. W. Fahey, “Moringa oleifera: un arbol
multiusos para las zonas tropicales seca,” Revista Mexicana de
Biodiversidad, vol. 82, no. 4, 2011.

[17] M.E. Olson and L. O. Alvarado-Cérdenas, “;Dénde cultivar el
arbol milagro, Moringa oleifera, en México? Un anlisis de su
distribucién potencial,” Revista Mexicana de Biodiversidad,
vol. 87, no. 3, pp. 1089-1102, 2016.

[18] X. Kou, B. Li, J. Olayanju, J. Drake, and N. Chen, “Nutra-
ceutical or pharmacological potential of moringa oleifera
Lam,” Nutrients, vol. 10, no. 3, p. 343, 2018.

[19] M. Krawczyk, I. Burzynska-Pedziwiatr, L. A. Wozniak, and
M. Bukowiecka-Matusiak, “Evidence from a systematic re-
view and meta-analysis pointing to the antidiabetic effect of
polyphenol-rich plant extracts from gymnema montanum,
momordica charantia and moringa oleifera,” Current Issues in
Molecular Biology, vol. 44, no. 2, pp. 699-717, 2022.

[20] S. Fakurazi, S. A. Sharifudin, and P. Arulselvan, “Moringa
oleifera  hydroethanolic extracts effectively alleviate
acetaminophen-induced hepatotoxicity in experimental rats
through their antioxidant nature,” Molecules, vol. 17, no. 7,
pp. 8334-8350, 2012.

[21] M. Sinha, D. K. Das, S. Bhattacharjee, S. Majumdar, and
S. Dey, “Leaf extract of Moringa oleifera prevents ionizing
radiation-induced oxidative stress in mice,” Journal of Me-
dicinal Food, vol. 14, no. 10, pp. 1167-1172, 2011.

[22] M. Gupta, U. K. Mazumder, and S. Chakrabarti, “CNS ac-
tivities of methanolic extract of Moringa oleifera root in
mice,” Fitoterapia, vol. 70, no. 3, pp. 244-250, 1999.

[23] J. Laoung-on, K. Saenphet, C. Jaikang, and P. Sudwan, “Effect
of moringa oleifera Lam. Leaf tea on sexual behavior and
reproductive function in male rats,” Plants, vol. 10, p. 2019,
2021.

[24] J. L. Tartar, J. Antonio, D. S. Kalman et al., “An evaluation of
the effects of a non-caffeinated energy dietary supplement on
cognitive and physical performance: a randomized double-
blind placebo-controlled study,” Cureus, vol. 13, no. 7, Article
ID el6178, 2021.

[25] M. T. Islam, N. Martins, M. Imran et al., “Anxiolytic-like
effects of Moringa oleifera in Swiss mice,” Cellular and
Molecular Biology, vol. 66, no. 4, pp. 73-77, 2020.


https://downloads.hindawi.com/journals/jnme/2024/2209581.f1.zip

14

(26]

(27]

(28]

[29

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

A. A. Mousa, H. A. I El-Gansh, M. A. A. Eldaim,
M. A. E.-G. Mohamed, A. H. Morsi, and H. S. El Sabagh,
“Protective effect of Moringa oleifera leaves ethanolic extract
against thioacetamide-induced hepatotoxicity in rats via
modulation of cellular antioxidant, apoptotic and in-
flammatory markers,” Environmental Science and Pollution
Research, vol. 26, no. 31, pp. 32488-32504, 2019.

B. Oloya, J. Namukobe, W. Ssengooba, M. Afayoa, and
R. Byamukama, “Phytochemical screening, antimycobacterial
activity and acute toxicity of crude extracts of selected me-
dicinal plant species used locally in the treatment of tuber-
culosis in Uganda,” Tropical Medicine and Health, vol. 50,
no. 1, p. 16, 2022.

A. Wakeel, S. A. Jan, I. Ullah, Z. K. Shinwari, and M. Xu,
“Solvent polarity mediates phytochemical yield and antioxi-
dant capacity of Isatis tinctoria,” Peer], vol. 7, Article ID e7857,
2019.

L. Jafri, S. Saleem, Thsan-ul-Haq, N. Ullah, and B. Mirza, “In
vitro assessment of antioxidant potential and determination
of polyphenolic compounds of Hedera nepalensis K. Koch,”
Arabian Journal of Chemistry, vol. 10, pp. S$3699-53706, 2017.
S. Mehwish, A. Islam, I. Ullah et al., “In vitro antileishmanial
and antioxidant potential, cytotoxicity evaluation and phy-
tochemical analysis of extracts from selected medicinally
important plants,” Biocatalysis and Agricultural Bio-
technology, vol. 19, Article ID 101117, 2019.

I. F. F. Benzie and J. J. Strain, “The ferric reducing ability of
plasma (FRAP) as a measure of “antioxidant power”: the
FRAP assay,” Analytical Biochemistry, vol. 239, no. 1,
pp. 70-76, 1996.

I. F. F. Benzie and Y. T. Szeto, “Total antioxidant capacity of
teas by the ferric reducing/antioxidant power assay,” Journal
of Agricultural and Food Chemistry, vol. 47, no. 2, pp. 633—
636, 1999.

N. Percie du Sert, V. Hurst, A. Ahluwalia et al., “The ARRIVE
guidelines 2.0: updated guidelines for reporting animal re-
search,” PLoS Biology, vol. 18, no. 7, Article ID e3000410,
2020.

N. S. Aurelien-Cabezas, B. A. Paz-Michel, I. Jacinto-Cortes
et al, “Protective effect of neutral electrolyzed saline on
gentamicin-induced nephrotoxicity: evaluation of histo-
pathologic parameters in a murine model,” Medicina, vol. 59,
no. 2, p. 397, 2023.

V. M. Madrigal-Perez, A. Garcia-Rivera, A. Rodriguez-Hernan-
dez et al., “Preclinical analysis of nonsteroidal anti-inflammatory
drug usefulness for the simultaneous prevention of steatohepatitis,
atherosclerosis and hyperlipidemia,” International Journal of
Clinical and Experimental Medicine, vol. 8, no. 12, pp. 22477~
22483, 2015.

A. Garcia-Riv, V. M Madriga, A. Rodriguez- et al., “A simple
and low-cost experimental mouse model for the simultaneous
study of steatohepatitis and preclinical atherosclerosis,” Asian
Journal of Animal and Veterinary Advances, vol. 9, no. 3,
pp. 202-210, 2014.

S. R. A. Leary, W. Underwood, A. Raymond et al., AVMA
Guidelines for the Euthanasia of Animals: 2020 Edition,
American Veterinary Medical Association, Schaumburg, IL,
USA, 2020.

(38]

(39]

(40]

(41]

[42]

(43]

(44]

(45]

[46]

(47]

(48]

[49]

(50]

Journal of Nutrition and Metabolism

U.S. Food and Drug Administration, “Center for drug
evaluation and research. Estimating the maximum safe
starting dose in initial clinical trials for therapeutics in
adult  healthy  volunteers,”  https://www.fda.gov/
regulatory-information/search-fda-guidance-documents/
estimating-maximum-safe-starting-dose-initial-clinical-
trials-therapeutics-adult-healthy-volunteers.

1. Barbagallo, L. Vanella, A. Distefano et al., “Moringa oleifera
Lam. improves lipid metabolism during adipogenic differ-
entiation of human stem cells,” European Review for Medical
and Pharmacological Sciences, vol. 20, no. 24, pp. 5223-5232,
2016.

A. Vinué and H. Gonzilez-Navarro, “Glucose and insulin
tolerance tests in the mouse,” Methods in Mouse Athero-
sclerosis, Humana Press, New York, NY, USA, 2015.

H. Selimoglu, C. Duran, S. Kiyici et al., “Comparison of
composite whole body insulin sensitivity index derived from
mixed meal test and oral glucose tolerance test in insulin
resistant obese subjects,” Endocrine, vol. 36, no. 2, pp. 299-
304, 2009.

D. A. Montes-Galindo, A. C. Espiritu-Mojarro, V. Melnikov
et al,, “Adenovirus 5 produces obesity and adverse metabolic,
morphological, and functional changes in the long term in
animals fed a balanced diet or a high-fat diet: a study on
hamsters,” Archives of Virology, vol. 164, no. 3, pp. 775-786,
2019.

Y. Haddad, D. Vallerand, A. Brault, J. Spénard, and
P. S. Haddad, “NCX 1000 alone or in combination with vi-
tamin E reverses experimental nonalcoholic steatohepatitis in
the rat similarly to UDCA,” International Journal of Hep-
atology, vol. 2011, Article ID 136816, 12 pages, 2011.

H. Mostafavi, L. Ghassemifard, A. Rostami, M. Alipour, and
S. Nadri, “Trabecular meshwork mesenchymal stem cell
transplantation improve motor symptoms of parkinsonian rat
model,” Biologicals, vol. 61, pp. 61-67, 2019.

R. Estrada-Reyes, C. Lopez-Rubalcava, O. A. Ferreyra-Cruz
et al., “Central nervous system effects and chemical compo-
sition of two subspecies of Agastache mexicana; an ethno-
medicine of Mexico,” Journal of Ethnopharmacology, vol. 153,
no. 1, pp. 98-110, 2014.

A. A. Walf and C. A. Frye, “The use of the elevated plus maze
as an assay of anxiety-related behavior in rodents,” Nature
Protocols, vol. 2, pp. 322-328, 2007.

C. M. Contreras, J. F. Rodriguez-Landa, R. I. Garcia-Rios,
]J. Cueto-Escobedo, G. Guillen-Ruiz, and B. Bernal-Morales,
“Myristic acid produces anxiolytic-like effects in wistar rats in
the elevated plus maze,” BioMed Research International,
vol. 2014, Article ID 492141, 8 pages, 2014.

H. Cohen, M. A. Matar, and Z. Joseph, “Animal models of
post-traumatic stress disorder,” Current Protocols in Neuro-
science, vol. 9, no. 1, 2013.

E. Rivadeneyra-Dominguez, C. ] Rosas-Jarquin, A. Vazquez-
Luna, R. Diaz-Sobac, and J. F. Rodriguez-Landa, “Effects of
acetone cyanohydrin, a derivative of cassava, on motor ac-
tivity and kidney and liver function in Wistar rats,” Neuro-
logia, vol. 34, no. 5, pp. 300-308, 2019.

0. Ojo, A. Basiru, A. Ojo et al., “HPLC-DAD fingerprinting
analysis, antioxidant activity of phenolic extracts from blighia
sapida bark and its inhibition of cholinergic enzymes linked to


https://www.fda.gov/regulatory-information/search-fda-guidance-documents/estimating-maximum-safe-starting-dose-initial-clinical-trials-therapeutics-adult-healthy-volunteers
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/estimating-maximum-safe-starting-dose-initial-clinical-trials-therapeutics-adult-healthy-volunteers
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/estimating-maximum-safe-starting-dose-initial-clinical-trials-therapeutics-adult-healthy-volunteers
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/estimating-maximum-safe-starting-dose-initial-clinical-trials-therapeutics-adult-healthy-volunteers

Journal of Nutrition and Metabolism

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

(65]

(66]

alzheimer’s disease,” Jordan Journal of Biological Sciences,
vol. 10, pp. 257-264, 2017.

A. P. Guevara, C. Vargas, H. Sakurai et al., “An antitumor
promoter from Moringa oleifera Lam,” Mutation Research,
Genetic Toxicology and Environmental Mutagenesis, vol. 440,
no. 2, pp. 181-188, 1999.

S. Faizi, B. S. Siddiqui, R. Saleem, S. Siddiqui, K. Aftab, and
A. U. H. Gilani, “Isolation and structure elucidation of new
nitrile and mustard oil glycosides from moringa oleifera and
their effect on blood pressure,” Journal of Natural Products,
vol. 57, no. 9, pp. 1256-1261, 1994.

N. Kamal, C. Clements, A. Gray, and R. Edrada-Ebel, “Anti-
infective activities of secondary metabolites from vitex pin-
nata,” Journal of Applied Pharmaceutical Science, vol. 6,
pp. 102-106, 2016.

L. Mabrouki, I. Rjeibi, J. Taleb, and L. Zourgui, “Cardiac
ameliorative effect of Moringa oleifera leaf extract in high-fat
diet-induced obesity in rat model,” BioMed Research In-
ternational, vol. 2020, Article ID 6583603, 10 pages, 2020.
S. Bais, G. S. Singh, and R. Sharma, “Antiobesity and
hypolipidemic activity of Moringa oleifera leaves against high
fat diet-induced obesity in rats,” Advances in Biology,
vol. 2014, Article ID 162914, 9 pages, 2014.

C. Waterman, P. Rojas-Silva, T. B. Tumer et al, “Iso-
thiocyanate-rich Moringa oleifera extract reduces weight gain,
insulin resistance, and hepatic gluconeogenesis in mice,”
Molecular Nutrition and Food Research, vol. 59, no. 6,
pp. 1013-1024, 2015.

F. Zhong, X. Zhou, J. Xu, and L. Gao, “Rodent models of
nonalcoholic fatty liver disease,” Digestion, vol. 101, no. 5,
pp. 522-535, 2020.

L. Kotinkovd, V. Prazienkova, L. Cernd et al., “Pathophysi-
ology of NAFLD and NASH in experimental models: the role
of food intake regulating peptides,” Frontiers in Endocrinol-
ogy, vol. 11, Article ID 597583, 2020.

E. M. Y. Elabd, S. M. Morsy, and H. A. Elmalt, “Investigating
of moringa oleifera role on gut microbiota composition and
inflammation associated with obesity following high fat diet
feeding,” Open Access Macedonian Journal of Medical Sci-
ences, vol. 6, no. 8, pp. 1359-1364, 2018.

S.Kumar, T. Behl, M. Sachdeva et al., “Implicating the effect of
ketogenic diet as a preventive measure to obesity and diabetes
mellitus,” Life Sciences, vol. 264, Article ID 118661, 2021.
V. Srikanth, R. B. N. Prasad, K. Anudeep et al., “Synthesis and
biological evaluation of Marumoside A isolated from Moringa
oleifera and its lipid derivatives,” International Journal of
Pharmaceutical Sciences and Research, vol. 7, pp. 607-617,
2016.

B. Wang, P. Chandrasekera, and J. Pippin, “Leptin- and leptin
receptor-deficient rodent models: relevance for human type 2
diabetes,” Current Diabetes Reviews, vol. 10, pp. 131-145, 2014.
H. K. J. Dhongade, B. K. Paikra, and B. Gidwani, “Phyto-
chemistry and pharmacology of moringa oleifera Lam,”
Journal of Pharmacopuncture, vol. 20, no. 3, pp. 194-200,
2017.

S. Ghasi, E. Nwobodo, and J. O. Ofili, “Hypocholesterolemic
effects of crude extract of leaf of Moringa oleifera Lam in high-
fat diet fed wistar rats,” Journal of Ethnopharmacology, vol. 69,
no. 1, pp. 21-25, 2000.

F. Anwar, S. Latif, M. Ashraf, and A. H. Gilani, “Moringa
oleifera: a food plant with multiple medicinal uses,” Phyto-
therapy Research, vol. 21, no. 1, pp. 17-25, 2007.

1. San Mauro-Martin, L. Collado-Yurrita, J. A. Blumenfeld-
Olivares et al., “Efecto de esteroles vegetales en la reduccion

(67]

(68]

(69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

(77]

(78]

15

del colesterol plasmitico: ensayo clinico, controlado, alea-
torizado, cruzado y doble ciego,” Nutricion Hospitalaria,
vol. 33, no. 3, p. 279, 2016.

S. A. Sharifudin, S. Fakurazi, M. T. Hidayat, 1. Hairuszah,
M. Aris Mohd Moklas, and P. Arulselvan, “Therapeutic po-
tential of Moringa oleifera extracts against acetaminophen-
induced hepatotoxicity in rats,” Pharmaceutical Biology,
vol. 51, no. 3, pp. 279-288, 2013.

S. E. Atawodi, J. C. Atawodi, G. A. Idakwo et al., “Evaluation
of the polyphenol content and antioxidant properties of
methanol extracts of the leaves, stem, and root barks of
Moringa oleifera Lam,” Journal of Medicinal Food, vol. 13,
no. 3, pp. 710-716, 2010.

M. Almatrafi, M. Vergara-Jimenez, A. Murillo, G. Norris,
C. Blesso, and M. Fernandez, “Moringa leaves prevent hepatic
lipid accumulation and inflammation in Guinea pigs by re-
ducing the expression of genes involved in lipid metabolism,”
International Journal of Molecular Sciences, vol. 18, no. 7,
p. 1330, 2017.

N. Das, K. Sikder, S. Ghosh, B. Fromenty, and S. Dey,
“Moringa oleifera Lam. leaf extract prevents early liver injury
and restores antioxidant status in mice fed with high-fat diet,”
Indian Journal of Experimental Biology, vol. 50, no. 6,
pp. 404-412, 2012.

A. A. Hamza, “Ameliorative effects of Moringa oleifera Lam
seed extract on liver fibrosis in rats,” Food and Chemical
Toxicology, vol. 48, no. 1, pp. 345-355, 2010.

H. Joung, B. Kim, H. Park et al., “Fermented Moringa oleifera
decreases hepatic adiposity and ameliorates glucose in-
tolerance in high-fat diet-induced obese mice,” Journal of
Medicinal Food, vol. 20, no. 5, pp. 439-447, 2017.

N. Fekadu, H. Basha, A. Meresa, S. Degu, B. Girma, and
B. Geleta, “Diuretic activity of the aqueous crude extract and
hot tea infusion of Moringa stenopetala (Baker f.) Cufod.
leaves in rats,” Journal of Experimental Pharmacology, vol. 9,
pp. 73-80, 2017.

Z. Chen and Z. Lin, “Tea and human health: biomedical
functions of tea active components and current issues,”
Journal of Zhejiang University- Science B, vol. 16, no. 2,
pp. 87-102, 2015.

H. A. Parimoo, R. Sharma, R. D. Patil, O. P. Sharma,
P. Kumar, and N. Kumar, “Hepatoprotective effect of Ginkgo
biloba leaf extract on lantadenes-induced hepatotoxicity in
Guinea pigs,” Toxicon, vol. 81, pp. 1-12, 2014.

C. Labenz, Y. Huber, M. Michel et al., “Nonalcoholic fatty
liver disease increases the risk of anxiety and depression,”
Hepatology Communications, vol. 4, no. 9, pp. 1293-1301,
2020.

D. Singh, P. Arya, V. Aggarwal, and R. Gupta, “Evaluation of
antioxidant and hepatoprotective activities of moringa olei-
fera Lam. Leaves in carbon tetrachloride-intoxicated rats,”
Antioxidants, vol. 3, pp. 569-591, 2014.

M. S. Rosdy, M. S. Rofiee, N. Samsulrizal, M. Z. Salleh, and
L. K. Teh, “Understanding the effects of Moringa oleifera in
chronic unpredictable stressed zebrafish using metabolomics
analysis,” Journal of Ethnopharmacology, vol. 278, Article ID
114290, 2021.





