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Introduction. Moringa leaves (Moringa oleifera), which are members of the Moringaceae family, are one of the herbal plants that
are widely known in Indonesia. Phytochemical contents of moringa leaf, such as favonoid, quercetin, and phenolic acid, are
believed to have an efect on improvement of NAFLD. Terefore, moringa leaf is considered as one the herbal plants that can be
used as supplementation in the form of adjuvant therapy to NAFLD. Te study objective of our research is to review the efect of
giving moringa leaf to the liver, especially the histopathologic features. Tis study will be conducted on literature review research
design, more specifcally in the form of a systematic review. Research Method. Five major electronic web databases, including
PubMed, Cochrane Library, Google Scholar, Scopus, and ScienceDirect, were used in identifying literature from 2014 to 2023.
Results. From a comprehensive analysis of 13 relevant literature sources, we elucidate the impact ofMoringa oleifera leaf extract on
liver histopathology, glucose, and lipid metabolism. Furthermore, we provide insights into its safety profle concerning human
health. Conclusion. Te phytochemical content ofMoringa oleifera leaf extract had shown a signifcant beneft in plant medicinal
sector. From the research that had been done, Moringa oleifera leaf extract contributes to give signifcant improvement on liver
histopathological features, glucose, and lipid metabolism on animal sample model.

1. Introduction

Moringa leaves (Moringa oleifera), which are members of the
Moringaceae family, are one of the herbal plants that are
widely known in Indonesia [1, 2]. Every part of the moringa
leaf is a storehouse of important nutrients and antinutrients
[3–5]. Terefore, moringa leaves are also known as “miracle
trees” or magical plants because of their various benefts,
including medicinal plants, cosmetics, and food ingredients
[1]. Phytochemical contents of moringa leaf, such as fa-
vonoid, quercetin, and phenolic acid, are believed to have an
efect on improvement of NAFLD [6–8].

Metabolic syndrome encompasses a group of metabolic
irregularities associated with hypertension, central obesity,
insulin resistance, and atherogenic dyslipidemia and is
closely linked to a heightened likelihood of developing

diabetes as well as cardiovascular diseases, both atherogenic
and non-atherogenic in nature [9]. One of the important risk
factors for metabolic syndrome is lack of physical activity
[10]. Several studies have been conducted using accel-
erometric methods to examine the association between
sedentary behaviour and the metabolic syndrome [11].Tese
studies have shown that increasing the duration and per-
centage of time spent in sedentary behaviour is associated
with increased metabolic risk in adults [11]. One of the
concerning manifestations of metabolic syndrome in the
liver is non-alcoholic fatty liver disease [12]. Research in-
dicates a robust connection between NAFLD and the
characteristics of metabolic syndrome. Insulin resistance
serves as a pivotal factor contributing to both NAFLD and
metabolic syndrome [13]. Evidence from clinical trials,
experimental investigations, and population-based studies
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suggests that NAFLD could potentially manifest in the liver
as a representation of metabolic syndrome [13].

Non-alcoholic fatty liver disease (NAFLD) is identifed
by liver fat accumulation, or in medical term called steatosis,
alongside one of the three conditions: excessive weight or
obesity, type 2 diabetes mellitus (T2DM), or being lean or of
average weight with indications of metabolic disruption [14].
Non-alcoholic fatty liver disease (NAFLD) is the liver ex-
pression of a complex disorder that afects multiple systems
[15]. NAFLD as hepatic manifestation of metabolic syn-
drome is also associated with lack of physical activity as one
of the concerning risk factors [16]. Epidemiological studies
reveal that NAFLD global prevalence in 2023 is 30% and still
increasing in upcoming years [17]. It is considerably asso-
ciated to increasing in prevalence of sedentary lifestyle in
human population [18]. Tis is supported by the results of
a study conducted in South Korea, where there was an
increase in the frequency of NAFLD based on the length of
time a population had been sitting [19].

Lifestyle modifcation is one of the most recommended
ways for patients with NAFLD or to prevent NAFLD itself.
Available evidence suggests that as little as 3% to 5% weight
loss is needed to improve simple hepatic steatosis [20–23]. In
addition, pharmacological therapy can also be given to in-
dividuals who have NAFLD [24]. Te goals for pharma-
cological therapy of NAFLD should target the fat
accumulation that occurs and the injury and fbrosis that are
consequences of NAFLD [25]. Another way that can be done
as a management or prevention of NAFLD is supplemen-
tation in the form of adjuvants. Many adjuvants are available
in the market, one of which is herbal plants. Herbal plants
that are believed to have an efect on NAFLD are Moringa
oleifera leaves [26].

Until now, research and clinical trials on moringa leaves
have begun to develop and are being intensively carried out.
However, knowledge about the utilization of moringa leaf in
Indonesia is still low [27]. Terefore, we are interested in
conducting this review on the efect of giving moringa leaf to
the liver. Tis study will be conducted on literature review
research design, more specifcally in the form of a systematic
review. Tis review was done to see the efect of the nutrient
content and active substances in moringa leaf on tissue
structure and liver function.

2. Research Method

Tis study is conducted on literature review research design,
more specifcally in the form of systematic review. Tis
review identifes the efects ofMoringa oleifera leaf extract on
liver structure and function in animal sample model. We
used the PICO method approach to generate the clinical
question for designing this study. Te population/patient we
use for this study is NAFLD patient. We useMoringa oleifera
leaf extract as the intervention to the population/patient.Te
intervention was compared with standard diet control
group. Lastly, we use liver histopathology as the outcome
analysis.

Five major web electronic databases, including PubMed,
Scopus, Google Scholar, Cochrane, and ScienceDirect, were

used for identifying the literature that provides explanation
on efects of Moringa oleifera leaf extract on liver histopa-
thology. Search of the literature was conducted through
a thorough searching process by using some concepts as
Moringa oleifera, leaf extract, liver histopathology, rat, mice,
and guinea pigs. Every concept was searched and combined
using Boolean Operators “AND.” Other similar terms of the
concepts also were searched and combined using Boolean
Operators “OR.” Research conducted from 2014 to 2023 was
encompassed in the analysis. Te pertinent research papers
were gathered and will be selected through thorough se-
lection process. Before the identifed research papers were
selected, the research articles identifed as duplicates were
eliminated.

Te selection process is conducted in two steps. Te
initial step involved screening the titles and abstracts of the
articles and studies identifed from the search results. Te
title and abstract were screened by matching the criteria of
the inclusion. Inclusion criteria used in the selection process
were papers that explained the efects ofMoringa oleifera on
liver histopathology. Also, we only included experimental
studies that used rat, mice, or guinea pig as the animal
sample model. Other research designs, such as review,
comment, and letter, were excluded. Experimental studies
that used animal sample model besides rat, mice, or guinea
pig were also excluded. We also verifed that the chosen
articles and studies were indexed in the Scimago Journal and
Country Rank (SJR) and Science and Technology Index
(SINTA) for journal publications. Two reviewers (MFR and
TN) independently screened the titles and abstracts in
duplicate with >80% agreement. In cases where screening
results were conficting, a third reviewer (PT) was involved
to resolve the discrepancies.

Te next selection steps were to screen the full text of the
articles that passed the frst selection process. In the full-text
screening, we carefully reviewed the articles to meet the right
criteria and outcome related to the efects ofMoringa oleifera
leaf extract on liver histopathology. Te same two reviewers
(MFR and TH) did the full-text screening independently and
in duplicate with >80% agreement. Te same third reviewer
(PT) also did take part to resolve some conficts.

To assess the quality of the literature that included, we
used Joanna Briggs Institute (JBI) Critical Appraisal
Checklist [28]. Te quasi-experimental checklist type was
used to evaluate the quality of the literature [28]. Te studies
were considered of good quality if they obtained a minimum
of 60% “YES” responses across all questions and of lower
quality if they did not meet this threshold. Te critical
appraisal was done by the same two reviewers (MFR and
TH) independently and in duplicate.

Two reviewers (MFR and TH) extracted data in-
dependently and in duplicate using a standardized form
designed for this study. Several data provided by the articles
that were eligible were collected. We retrieved the following
data: research objective, study design, target groups, and
major fndings. Te data were compiled using Microsoft
Excel and arranged in the form of table.

Various varieties ofMoringa oleifera leaf extracts, model
experiments, phytochemical content, and outcomes were
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explained and compared. Besides liver histopathology, we
also explain the efects of Moringa oleifera leaf extract on
glucose and lipid metabolism. In addition, we also provide
explanation on safety of Moringa oleifera leaf extract usage,
including lethal dosage and toxicological properties.

3. Result

3.1. Studies Included in the Review. Six hundred twenty-
seven studies were identifed through literature search in
5 databases. We found 0 studies on PubMed, 0 studies on
Cochrane Library, 70 studies on Scopus, 26 studies on
ScienceDirect, and 531 studies on Google Scholar. Before
screening, we deleted 129 studies identifed as duplicate.
After removal of duplicate studies, we screened the title and
abstract of 498 studies by matching the inclusion and ex-
clusion criteria that we used. Ten, 435 studies were ex-
cluded and 63 studies remained. Studies that passed the frst
selection then went through the full-text screening. After
that, 50 studies were excluded and 13 studies remained.
Tese 13 studies have met our inclusion criteria, so we used
these included studies for this literature review research.

3.2. Data Collected from the Included Studies. All included
studies are experimental studies, specifcally the included
literatures are a randomized control trial in animal sample
model. All studies explained the efects of Moringa oleifera
leaf extract on liver histopathology. Te principle fndings
and all collected data from the included literature were
summarized in Table 1.

Te included studies were conducted by experts from
Indonesia, Mexico, Egypt, Nigeria, Iran, Saudi Arabia, South
Korea, Pakistan, and Libya.

In addition, some references, besides included literature,
were chosen to provide the efects of Moringa oleifera leaf
extract on glucose and lipid metabolism. Glucose and lipid
metabolism were also illustrated due to their involvement in
the pathogenesis and pathophysiology of liver disease,
specifcally non-alcoholic fatty liver disease. Te phyto-
chemical contents of Moringa oleifera are provided in the
form of Table 2. In addition, we also provide the safety of
Moringa oleifera leaf extract usage by explaining its lethal
dosage. Figure 1 shows the fow diagram of literature se-
lection process from the electronic databases.

4. Discussion

4.1. Phytochemical Content of Moringa oleifera Leaf Extract.
Te phytochemical composition of Moringa oleifera leaf
primarily comprises phenolic compounds, which are es-
sential plant-derived micronutrients [1]. Phenolic com-
pounds are a group of compounds characterized by hydroxyl
groups directly attached to aromatic structures, encom-
passing phenolic acids, favonoids, xanthones, quinones,
coumarins, tannins, and lignans [2]. Phenolic compounds
play signifcant roles in safeguarding plants against physical
damage, ultraviolet radiation, oxidative stress, and similar
factors. Currently, there is growing interest in uncovering,
extracting, and enhancing phytochemicals due to their

potential to serve as alternatives to synthetic drugs with
fewer side efects. Unquestionably, dried Moringa oleifera
leaves serve as signifcant natural reservoirs of phenolic
compounds [3].

Tis fnding confrmed the phenolic compound stated in
the included literature. Some of the included literature also
conducted an analysis on phytochemical component in the
Moringa oleifera. Te analysis was conducted to reassuring
the presence of the phytochemical compound in the Mor-
inga oleifera leaf extract. Most of the articles that conducted
analysis on phytochemical content stated that they identifed
phenolic acid and quercetin as the key fndings for the
phytochemical content of Moringa oleifera leaf extract
[29–41].

4.2. Efects of Moringa oleifera Leaf Extract on Glucose
Metabolism. As previously noted, a variety of polyphenols
are present inMoringa oleifera. Many compounds contained
in moringa leaf are proven to have involvement in the
metabolism of glucose homeostasis [46]. Among the most
noteworthy are favonoids like quercetin and kaempferol, as
well as phenolic acids such as chlorogenic acid and caf-
feoylquinic acid [51]. Tese compounds appear to possess
antihyperglycemic attributes, acting as competitive in-
hibitors of sodium-glucose linked transporter type 1
(SGLT1) in the mucosa of the small intestine (specifcally,
the duodenum and jejunum). Tis action leads to a re-
duction in the absorption of glucose in the intestines [52].
However, it is important to note that glucose absorption
involves other mechanisms, including the involvement of
glucose transporter 2 (GLUT2), which can be infuenced by
the presence of circulating glucose, directing it towards the
basolateral membrane of the small intestine [53].

Moringa oleifera has been investigated for its potential in
managing glucose metabolism by contributing to the re-
duction of glucose levels. One suggested mechanism in-
volves quercetin, which can function as an inhibitor of
GLUT2 at the apical surface [54]. It is important to note that
this infuence is specifc to GLUT2 and does not afect
GLUT5 or SGLT1 [55]. Moreover, quercetin has demon-
strated the ability to activate adenosine monophosphate-
activated protein kinase (AMPK), thereby enhancing glu-
cose uptake through the stimulation of GLUT4 in skeletal
muscle. Additionally, it plays a role in diminishing glucose
production by suppressing the activity of phosphoenol-
pyruvate carboxykinase (PEPCK) and glucose-6-phospha-
tase (G6Pase) in the liver [56].

Te aqueous leaf extract of Moringa oleifera has dem-
onstrated the ability to hinder the activity of α-glucosidase,
pancreatic α-amylase, and intestinal sucrose, contributing to
its antihyperglycemic efects [57].Tese inhibitory outcomes
are attributed to the presence of phenols, favonoids, and
tannins in Moringa oleifera. By delaying the digestion of
carbohydrates through enzyme inhibition, there is a conse-
quent reduction in post-meal hyperglycemia and levels of
hemoglobin A1C (HbA1C). Te inhibitory impact of fa-
vonoids like quercetin and kaempferol can be explained
biochemically by their increased number of hydroxyl groups
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on the B ring and the presence of a 2,3-double bond [58].
Moreover, these compounds have undergone scrutiny for
their protective and regenerative efects on pancreatic beta-
cells, leading to enhanced insulin production and release
[59]. Quercetin, for instance, stimulates insulin secretion by
activating the extracellular signal-regulated kinase 1/2
(ERK1/2) pathway and simultaneously shields pancreatic
beta-cells against oxidative harm [5].

Tis mechanism of action of polyphenols contained in
Moringa oleifera leaf extract is in parallel with the fndings of
the included literature. Some studies showed that there is
signifcant reduction of blood glucose level and improve-
ment of insulin sensitivity measured in group of animals
treated by Moringa oleifera leaf extract [29, 33, 36, 37, 49].
From the studies included, we conclude that dosage of
Moringa oleifera leaf extract of more than 200mg/kg body
weight showed more signifcant result of glucose and insulin
profle than the lower dosage [29, 33, 36, 37, 49].

4.3. Efects of Moringa oleifera Leaf Extract on Lipid
Metabolism. Phenolic compounds, as well as favonoids,
have an important role in lipid regulation [49, 60].

Terefore, Moringa oleifera has also been considered as
a potential hypolipidemic agent. An aqueous extract derived
fromMoringa oleifera leaf has been reported to possess lipid-
lowering attributes by diminishing the creation of choles-
terol micelles and inhibiting enzymes like pancreatic lipase
and pancreatic cholesterol esterase, as well as impeding bile
acid binding [57]. Furthermore, an increase in the expres-
sion of peroxisome proliferator-activated receptors (PPARs)
α1 (PPARα1) and c (PPARc) has been observed in rats
administeredMoringa oleifera seed powder [61]. PPARs play
a pivotal role in lipid metabolism, ketogenesis, and cellular
energy balance, and they are present in various organs,
including the liver, brain, muscles, and heart, among others.
Additionally, PPARs are implicated in processes such as
infammation, immunity, and glucose regulation [62]. An-
other research demonstrated that administering Moringa
oleifera leaf extract during the process of adipogenic dif-
ferentiation leads to a decrease in infammation and lipid
buildup, while also triggering thermogenesis through the
activation of key proteins such as uncoupling protein 1
(UCP1), sirtuin 1 (SIRT1), peroxisome proliferator-activated
receptor alpha (PPARα), and coactivator 1 alpha (PGC1α).
Furthermore, Moringa oleifera Lam. induces the expression

Table 2: Phenolic compounds of Moringa oleifera leaf extract [42–49].

Constituent Content
in leaf (mg/g) Extraction method

Phenolic acid
Cafeic acid 6.28 Distilled water

Chlorogenic acid 50.69 Distilled water
79.31 Distilled water

Ellagic acid 33.15 Distilled water
52.95 Distilled water

Gallic acid
32.45 Distilled water
105.67 Distilled water
1.03 Distilled water

Salicylic acid 0.24 Ethanol extract
Ferulic acid 0.128 Distilled water
Flavonoid

Isoquercitrin 64.53 Distilled water
75.65 Distilled water

Quercitrin 29.74 Distilled water
74.90 Distilled water

Epicatechin 10.03 Distilled water
29.73 Distilled water

Catechin 15.27 Distilled water
20.19 Distilled water

Rutin 15.27 Distilled water
60.38 Distilled water

Quercetin

137.81 Methanol 70%
10.7 Distilled water

47.91 Pressurized hot
water extraction

38.2 Distilled water

Kaempferol

18.23 Distilled water
106.75 Distilled water

47.4 Pressurized hot
water extraction

2.8 Methanol 70%
Myricetin 1.53 Methanol 80%
Vanillin 0.137 Distilled water
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of heme oxygenase-1 (HO-1), a well-recognized protective
and antioxidant enzyme [63].

Tose fndings on hypolipidemic efects of Moringa
oleifera are in parallel with the outcomes of the included
literature. Most of the studies provide explanation of the
resulting efects of Moringa oleifera leaf extract on lipid
profle. Te collected data of included literatureexplained
that Moringa oleifera leaf extract provided signifcant re-
duction of triglyceride, LDL-C, VLDL-C, and cholesterol in
group fed byMoringa oleifera leaf extract [29, 33, 35, 36, 49].
Besides that, included literature also stated that there is an
improvement of HDL-C in lipid profle of group fed by
Moringa oleifera leaf extract [36].

By now, it is recognized that the consumption of a high-
fat diet stimulates the generation of proinfammatory cy-
tokines like IL1B and TNFA, which are activated via the

NFkB pathway [64, 65]. Tis dietary pattern also results in
an elevation of mitochondrial ROS production. Tese free
radicals contribute to the peroxidation of lipids on cellular
and organelle membranes, leading to the formation of
malondialdehyde (MDA), which serves as an indicative
marker of oxidative stress [66]. Choi and Das illustrated an
increase in lipid peroxidation products such as MDA and
4HNE in a model of NAFLD, attributable to the generation
of reactive oxygen species [67, 68]. Some studies revealed
that the application of moringa results in a decline in the
generation of MDA, attributed to a reduction in ROS
production [49]. Tis fnding is in parallel with some in-
cluded studies that also show signifcant reduction of lipid
peroxidation in liver characterized by reduction of MDA
level in group fed by Moringa oleifera leaf extract
[29, 30, 34, 38].

Identified literature from:

Pubmed (n = 0)
Cochrane Library (n = 0)
Google Scholar (n = 531)

Scopus (n = 70)
Science Direct (n = 26)

Literature deleted before 
screening:

Deleted duplicate (n = 129)
Non-eligible literature (n = 0)

Literature deleted due to other 
reason (n = 0)

Literature screening
(Title and abstract)

(n = 198)

Literature excluded (n = 435)

Reason:
Not Moringa oleifera (n = 306)
Not liver histopathology (n = 44)
Wrong sample (n = 42)
Wrong study design (n = 31)
Wrong outcome (n = 6)
Foreign language (n = 6)

Literature screening (full-text)
(n = 63)

Literature excluded (n =50)

Reason:
Article not indexed (n =25)
Article not published (n = 7)
Review article (n = 4)
Wrong outcome (n = 3)
More than 10 years (n = 2)
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Full-text not found (n =7)
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Figure 1: Flow diagram of literature selection process from the electronic databases [50].
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From the studies included, we conclude that dosage of
Moringa oleifera leaf extract of more than 200mg/kg body
weight showed more signifcant result on lipid profle and
MDA level than the lower dosage [29, 30, 34, 38].

4.4. Efects of Moringa oleifera Leaf Extract on Liver
Histopathology. Several hypotheses have been proposed to
explain the mechanisms of liver injury leading to liver
steatosis. Tese include liver injury caused by hepatotoxins,
damage from a diet high in fat, and liver injury related to
metabolic disorders [69–71]. All those etiologies may trigger
liver damage by means of oxidative stress, infammation,
fbrogenesis, and liver necrosis. Sudden damage to liver cells
disrupts their transport function and the permeability of
their membranes, causing the release of marker enzymes
[72]. Te internal processes of damage within hepatocytes
involve the creation of reactive metabolites, reduction of
glutathione levels, and protein alkylation, particularly af-
fecting mitochondrial proteins [73]. Tese initial actions
prompt the opening of the mitochondrial membrane,
resulting in permeability transition. Te deterioration of the
mitochondrial membrane permeability transition occurs
prior to the failure of the cell’s outer membrane, leading to
cell swelling and the release of cellular contents. Tis ulti-
mately culminates in cell death through a process known as
oncotic necrosis [74].

Te evaluation of liver damage was gauged through the
measurement of serum levels of ALT and AST, which are
widely recognized as prevalent indicators of liver harm. When
the integrity of the liver cell membrane is compromised, several
enzymes that typically reside within the cell’s cytosol are
discharged into the bloodstream. Te concentration of these
enzymes in the serum provides a valuable quantitative gauge of
the magnitude and nature of hepatocellular injury [71].

Liver injury, in the term of NAFLD, is often charac-
terized by macrovesicular steatosis, ballooning degeneration
of hepatocytes, scattered (mainly lobular) infammation and
apoptotic bodies, and Mallory-Denk bodies (MDBs). Fi-
brosis also often presents alongside the other histological
features [75].

Te included literature had revealed that there is sig-
nifcant improvement in the histopathological analysis of the
liver tissue conducted on animal sample treated by Moringa
oleifera leaf extract. All studies included explained that after
administration of Moringa oleifera leaf extract, there is
signifcant reduction of fbrosis, hepatic cells necrosis, lipid
accumulation, infammatory cells infltration, hepatocellular
degeneration, vesicular congestion, and sinusoidal di-
latation. Various dosages ofMoringa oleifera leaf extract had
been analyzed. Higher dosage of Moringa oleifera extract
showed more reduction on the histopathological feature of
the liver tissue, while lower dosage did not give any notable
improvement on the histopathological feature of the liver
tissue [29–41, 49]. Some studies included also measured liver
injury biomarkers as other fndings besides liver histo-
pathological features. Tese studies stated that there is

signifcant reduction on the AST, ALT, ALP, SGOT, and
SGPTin the group of animals treated byMoringa oleifera leaf
extract [29–31, 33–36, 40, 41, 49].

From the studies included, we conclude that dosage of
Moringa oleifera leaf extract of more than 200mg/kg body
weight showed more signifcant result on liver histopath-
ological feature and liver biomarkers than the lower dosage
[29–41].

4.5. Safety of Moringa oleifera Leaf Extract. Earlier in-
vestigations were carried out on animal models to analyze
the oral toxicity (LD50) ofMoringa oleifera leaf extract [76].
Te fndings indicated that the aqueous leaf extract of
Moringa oleifera did not result in any fatalities even at the
highest administered dose of 6400mg/kg body weight [77].
A study conducted by Fouad et al. [78] on acute oral toxicity
reported that Moringa oleifera leaf extract demonstrated
non-lethal efects on animals at a dose of 2000mg/kg body
weight and mentioned that animals may display some ad-
verse changes at doses beyond this level. Moreover, Diallo
et al. [79] documented that the aqueous leaf extract of
Moringa oleiferawas safe even at dosages as high as 5000mg/
kg body weight.

Tese fndings suggest that the aqueous leaf extract of
Moringa oleifera is safe for oral consumption, displaying no
lethal efects during acute administration. It is noteworthy that
a dose of 2 g/kg body weight was identifed as the threshold for
medicinal plant toxicity in acute oral toxicity studies [80].
However, this safety assertionmight not hold true formedicinal
plants consumed over an extended period. Slight lethargy was
observed in animals receiving doses above 1600mg/kg body
weight during acute administration, which aligns with the
observations of Adedapo et al., who noted toxic changes in
animals above 2000mg/kg body weight. Te LD50 from an
acute oral intraperitoneal toxicity study forMoringa oleifera leaf
extract was determined to be 1585mg/kg body weight.

Previous study conducted by Kushwaha et al. [81] docu-
mented the adverse outcomes ofMoringa oleifera leaf extract in
studies involving human subjects. In this research, a group of
30 post-menopausal women was provided a daily supple-
mentation of 7 g ofMoringa oleifera leaf powder for a duration
of 12weeks, and their results were compared with those of
a control group. Te study revealed a rise in antioxidant
biomarkers that contributed to hypoglycemic and hypolipi-
demic efects, all without inducing any harmful efects.

5. Conclusion

Te phytochemical content of Moringa oleifera leaf extract
had shown a signifcant beneft in plant medicinal sector.
From the research that had been done,Moringa oleifera leaf
extract contributes to give signifcant improvement on liver
histopathological features, glucose, and lipid metabolism on
animal sample model. In the coming times, further in-
vestigation into this medicinal plant could ofer promising
prospects regarding its efectiveness and safety as a thera-
peutic solution for NAFLD.
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5.1. Limitation. Due to the various types of extracts
employed in studies, it becomes imperative to determine if
specifc phytochemicals within Moringa oleifera leaf extract
are present in each variant. Consequently, additional in-
vestigations are warranted to discern the most potent type of
Moringa oleifera leaf extract and its optimal bioavailability.
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[2] M. Döring, S. Alexander, D. Mitchell et al., Integrated Tax-
onomic Information SystemPublisher: National Museum of
Natural History, Smithsonian Institution, Washington, DC,
USA, 2023.

[3] S. Garg, M. Jayanthi, P. Yadav, A. Bhatia, and A. Goel, “Some
newer marker phytoconstituents in methanolic extract of
moringa oleifera leaves and evaluation of its immunomod-
ulatory and splenocytes proliferation potential in rats,” Indian
Journal of Pharmacology, vol. 47, no. 5, p. 518, 2015.

[4] O. O. Alegbeleye, “How functional is moringa oleifera? A
review of its nutritive, medicinal, and socioeconomic po-
tential,” Food and Nutrition Bulletin, vol. 39, no. 1, pp. 149–
170, 2018.

[5] M. M. Moremane, B. Abrahams, and C. Tiloke, “Moringa
oleifera: a review on the antiproliferative potential in breast
cancer cells,” Current Issues in Molecular Biology, vol. 45,
no. 8, pp. 6880–6902, 2023.

[6] A. J. Sanyal, “Putting non-alcoholic fatty liver disease on the
radar for primary care physicians: how well are we doing?”
BMC Medicine, vol. 16, no. 1, p. 148, 2018.

[7] E. Cleveland, A. Bandy, and L. B. VanWagner, “Diagnostic
challenges of nonalcoholic fatty liver disease/nonalcoholic

steatohepatitis,” Clinical Liver Disease, vol. 11, no. 4,
pp. 98–104, 2018.

[8] S. V. Tanisha, S. Venkategowda, and M. Majumdar, “Ame-
lioration of hyperglycemia and hyperlipidemia in a high-fat
diet-fed mice by supplementation of a developed optimized
polyherbal formulation,” 3 Biotech, vol. 12, no. 10, 2022.

[9] Y. Rochlani, N. V. Pothineni, S. Kovelamudi, and J. L. Mehta,
“Metabolic syndrome: pathophysiology, management, and
modulation by natural compounds,”Terapeutic Advances in
Cardiovascular Disease, vol. 11, no. 8, pp. 215–225, 2017.

[10] Z. Zahtamal, Y. S. Prabandari, and L. Setyawati, “Prevalensi
sindrom metabolik pada pekerja perusahaan,” Kesmas: Na-
tional Public Health Journal, vol. 9, no. 2, p. 113, 2014.

[11] F. Ganz, V. Wright, P. J. Manns, and L. Pritchard, “Is physical
activity-related self-efcacy associated with moderate to
vigorous physical activity and sedentary behaviour among
ambulatory children with cerebral palsy?” Physiotherapie
Canada, vol. 74, no. 2, pp. 151–157, 2022.

[12] R. Lomonaco, F. Bril, P. Portillo-Sanchez et al., “Metabolic
impact of nonalcoholic steatohepatitis in obese patients with
type 2 diabetes,” Diabetes Care, vol. 39, no. 4, pp. 632–638,
2016.

[13] F. Bril, D. Barb, P. Portillo-Sanchez et al., “Metabolic and
histological implications of intrahepatic triglyceride content
in nonalcoholic fatty liver disease,” Hepatology, vol. 65, no. 4,
pp. 1132–1144, 2017.

[14] H. Tilg and M. Efenberger, “From NAFLD to MAFLD: when
pathophysiology succeeds,” Nature Reviews Gastroenterology
and Hepatology, vol. 17, no. 7, pp. 387-388, 2020.

[15] M. Sayiner, A. Koenig, L. Henry, and Z. M. Younossi, “Ep-
idemiology of nonalcoholic fatty liver disease and non-
alcoholic steatohepatitis in the United States and the rest of
the world,” Clinics in Liver Disease, vol. 20, no. 2, pp. 205–214,
2016.

[16] L. H. Gerber, A. Weinstein, and L. Pawloski, “Role of exercise
in optimizing the functional status of patients with non-
alcoholic fatty liver disease,” Clinics in Liver Disease, vol. 18,
no. 1, pp. 113–127, 2014.

[17] Z. M. Younossi, P. Golabi, J. M. Paik, A. Henry,
C. Van Dongen, and L. Henry, “Te global epidemiology of
nonalcoholic fatty liver disease (NAFLD) and nonalcoholic
steatohepatitis (NASH): a systematic review,” Hepatology,
vol. 77, no. 4, pp. 1335–1347, 2023.

[18] Who, Physical Activity, World Health Organization, Geneva,
Switzerland, 2023, https://www.who.int/health-topics/
physical-activity#tab=tab_1.

[19] J. H. Joo, H. J. Kim, E.-C. Park, and S. I. Jang, “Association
between sitting time and non-alcoholic fatty liver disease in
South Korean population: a cross-sectional study,” Lipids in
Health and Disease, vol. 19, no. 1, p. 212, 2020.

[20] P. Kudaravalli and S. John, “Nonalcoholic fatty liver,” 2022,
http://www.ncbi.nlm.nih.gov/pubmed/22722431.

[21] W. von Schönfels, J. H. Beckmann, M. Ahrens et al., “His-
tologic improvement of NAFLD in patients with obesity after
bariatric surgery based on standardized NAS (NAFLD activity
score),” Surgery for Obesity and Related Diseases, vol. 14,
no. 10, pp. 1607–1616, 2018.

[22] B. R. Loman, D. Hernández-Saavedra, R. An, and R. S. Rector,
“Prebiotic and probiotic treatment of nonalcoholic fatty liver
disease: a systematic review and meta-analysis,” Nutrition
Reviews, vol. 76, no. 11, pp. 822–839, 2018.

[23] N. Alkhouri, F. Poordad, and E. Lawitz, “Management of
nonalcoholic fatty liver disease: lessons learned from type 2

12 Journal of Nutrition and Metabolism

https://downloads.hindawi.com/journals/jnme/2024/6815993.f1.docx
https://www.who.int/health-topics/physical-activity#tab=tab_1
https://www.who.int/health-topics/physical-activity#tab=tab_1
http://www.ncbi.nlm.nih.gov/pubmed/22722431


diabetes,” Hepatology Communications, vol. 2, no. 7,
pp. 778–785, 2018.

[24] H. Aslam, F. Oza, K. Ahmed et al., “Te role of red cell
distribution width as a prognostic marker in chronic liver
disease: a literature review,” International Journal of Molec-
ular Sciences, vol. 24, no. 4, p. 3487, 2023.

[25] A. Mitsala, C. Tsalikidis, K. Romanidis, and M. Pitiakoudis,
“Non-alcoholic fatty liver disease and extrahepatic cancers:
a wolf in sheep’s clothing?” Current Oncology, vol. 29, no. 7,
pp. 4478–4510, 2022.

[26] N. Muhammad, K. G. Ibrahim, A. R. Ndhlala, and
K. H. Erlwanger, “Moringa oleifera Lam. Prevents the de-
velopment of high fructose diet-induced fatty liver,” South
African Journal of Botany, vol. 129, pp. 32–39, 2020.

[27] S. Am, K. Nut, and S. Fungsional Tanam, “Kandungan nutrisi
dan sifat fungsional tanaman kelor (moringa oleifera),”
Buletin pertanian perkotaan, vol. 5, no. 30, pp. 35–44, 2015.

[28] T. H. Barker, N. Habibi, E. Aromataris et al., “Te revised JBI
critical appraisal tool for the assessment of risk of bias for
quasi-experimental studies,” JBI Evid Synth., vol. 22, no. 3,
pp. 378–388, 2024.

[29] C. A. Monraz-Méndez, R. Escutia-Gutiérrez,
J. S. Rodriguez-Sanabria et al., “Moringa oleifera improves
MAFLD by inducing epigenetic modifcations,” Nutrients,
vol. 14, no. 20, p. 4225, 2022.

[30] E. M. M. Ebrahem, G. H. Sayed, G. N. A. Gad, K. E. Anwer,
and A. A. Selim, “Histopathology, pharmacokinetics and
estimation of interleukin-6 levels of moringa oleifera leaves
extract-functionalized Selenium nanoparticles against rats
induced hepatocellular carcinoma,” Cancer Nanotechnology,
vol. 13, no. 1, pp. 14–26, 2022.

[31] N. Younis, M. I. Khan, T. Zahoor, and M. N. Faisal, “Phy-
tochemical and antioxidant screening of moringa oleifera for
its utilization in the management of hepatic injury,” Frontiers
in Nutrition, vol. 9, Article ID 1078896, 2022.

[32] A. Zaheer, S. Nazir, N. Sidiqque, F. Qamar, A. Hussain, and
M. Ahmed, “Efect of moringa oleifera leaves on bisphenol-A
induced histological changes of hepatocytes in albino rats,”
Pakistan Postgraduate Medical Journal, vol. 30, no. 01,
pp. 17–21, 2020.

[33] B. Aljazzaf, S. Regeai, S. Elghmasi et al., “Evaluation of an-
tidiabetic efect of combined leaf and seed extracts of moringa
oleifera (Moringaceae) on alloxan-induced diabetes in mice:
a biochemical and histological study,”Oxidative Medicine and
Cellular Longevity, E. K. Akkol, Ed., vol. 2023, Article ID
9136217, 21 pages, 2023.

[34] A. Kazeem A, O. Olabode O, J. Afusat J, and D. Olaitan O,
“Modifcation of hexavalent chromate hepatotoxicity by
Ethanol extract of moringa oleifera in wistar rats,” Pharma-
cognosy Journal, vol. 11, no. 4, pp. 764–770, 2019.

[35] A. Asgari-Kafrani, M. Fazilati, and H. Nazem, “Hep-
atoprotective and antioxidant activity of aerial parts of
moringa oleifera in prevention of non-alcoholic fatty liver
disease in wistar rats,” South African Journal of Botany,
vol. 129, pp. 82–90, 2020.

[36] S. J. Melebary and M. H. R. Elnaggar, “Impact of moringa
oleifera leaf extract in reducing the efect of lead acetate
toxicity in mice,” Saudi Journal of Biological Sciences, vol. 30,
no. 1, Article ID 103507, 2023.

[37] 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.

[38] B. S. Lukiswanto, H. Wijayanti, Y. Fadhila et al., “Protective
efect of moringa oleifera leaves extract against gentamicin
induced hepatic and nephrotoxicity in rats,” Iraqi Journal of
Veterinary Sciences, vol. 37, no. 1, pp. 129–135, 2022.

[39] O. H. Putri, D. Armalina, F. E. P. Mundhofr, A. Ismail, and
I. P. Miranti, “Pengaruh pemberian ekstrak daun kelor
(moringa oleifera) dosis bertingkat pada gambaran mikros-
kopis hepar tikus wistar yang dinduksi formalin,” Jurnal
Kedokteran Dipenogoro, vol. 7, no. 2, pp. 1129–1142, 2018.

[40] S. A. A. HestiWulan, S. Nur Sholeh, andD.Wigati, “Pengaruh
pemberian fraksi etil asetat daun kelor(moringa oleiferalam.)
terhadap gambaran histopatologi dan kadar sgpt dan sgot
pada tikus jantan galur wistar yang induksi monosodium
glutamat,” Media Farmasi Indonesia, vol. 14, no. 1,
pp. 1455–1460, 2019.

[41] C. G. Kim, S. N. Chang, S. M. Park et al., “Moringa oleifera
mitigates ethanol-induced oxidative stress, fatty degeneration
and hepatic steatosis by promoting Nrf2 in mice,” Phyto-
medicine, vol. 100, Article ID 154037, 2022.

[42] M. Prabakaran, S. H. Kim, A. Sasireka, M. Chandrasekaran,
and I. M. Chung, “Polyphenol composition and antimicrobial
activity of various solvent extracts from diferent plant parts of
moringa oleifera,” Food Bioscience, vol. 26, pp. 23–29, 2018.

[43] Y. Nuapia, E. Cukrowska, H. Tutu, and L. Chimuka, “Sta-
tistical comparison of two modeling methods on pressurized
hot water extraction of vitamin C and phenolic compounds
from moringa oleifera leaves,” South African Journal of
Botany, vol. 129, pp. 9–16, 2020.

[44] J. P. Coppin, Y. Xu, H. Chen et al., “Determination of fa-
vonoids by LC/MS and anti-infammatory activity in moringa
oleifera,” Journal of Functional Foods, vol. 5, no. 4,
pp. 1892–1899, 2013.

[45] A. E. El-Hadary and M. F. Ramadan, “Antioxidant traits and
protective impact of moringa oleifera leaf extract against
diclofenac sodium-induced liver toxicity in rats,” Journal of
Food Biochemistry, vol. 43, no. 2, p. e12704, 2019.

[46] M. A. Hassan, T. Xu, Y. Tian et al., “Health benefts and
phenolic compounds of moringa oleifera leaves: a compre-
hensive review,” Phytomedicine, vol. 93, Article ID 153771,
2021.

[47] G. Oboh, A. O. Ademiluyi, A. O. Ademosun et al., “Phenolic
extract from moringa oleifera leaves inhibits key enzymes
linked to erectile dysfunction and oxidative stress in rats’
penile tissues,” Biochemistry Research International, vol. 2015,
Article ID 175950, 8 pages, 2015.

[48] T. O. Jimoh, “Enzymes inhibitory and radical scavenging
potentials of two selected tropical vegetable (moringa oleifera
and telfairia occidentalis) leaves relevant to type 2 diabetes
Mellitus,” Revista Brasileira de Farmacognosia, vol. 28, no. 1,
pp. 73–79, 2018.

[49] S. I. Cortes-Alvarez, I. Delgado-Enciso,
A. Rodriguez-Hernandez et al., “Efcacy of hot tea infusion vs.
Ethanolic extract of moringa oleifera for the simultaneous
treatment of nonalcoholic fatty liver, hyperlipidemia, and
hyperglycemia in a murine model fed with a high-fat diet,”
Journal of Nutrition and Metabolism, L. S. Karen, Ed.,
vol. 2024, Article ID 2209581, 15 pages, 2024.

[50] M. J. Page, J. E. McKenzie, P. M. Bossuyt et al., “Te PRISMA
2020 statement: an updated guideline for reporting systematic
reviews,” PLoS Medicine, vol. 18, no. 3, Article ID e1003583,
2021.

[51] M. J. Ida, B. Shetty, S. F. Khan, U. Yadalam, and M. Nambiar,
“Development and in vitro characterization of a mucoadhe-
sive gel with moringa oleifera extract for periodontal drug

Journal of Nutrition and Metabolism 13



delivery,” Journal of Indian Society of Periodontology, vol. 27,
no. 2, pp. 146–153, 2023.

[52] A. Pareek, M. Pant, M. M. Gupta et al., “Moringa oleifera: an
updated comprehensive review of its pharmacological ac-
tivities, ethnomedicinal, phytopharmaceutical formulation,
clinical, phytochemical, and toxicological aspects,” In-
ternational Journal of Molecular Sciences, vol. 24, no. 3,
p. 2098, 2023.

[53] C. Nakamura, N. Ishizuka, K. Yokoyama et al., “Regulatory
mechanisms of glucose absorption in the mouse proximal
small intestine during fasting and feeding,” Scientifc Reports,
vol. 13, no. 1, 2023.

[54] R. Naz, F. Saqib, S. Awadallah et al., “Food polyphenols and
type II diabetes Mellitus: pharmacology and mechanisms,”
Molecules, vol. 28, no. 10, p. 3996, 2023.

[55] 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 efect 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.

[56] K. Højlund, “Metabolism and insulin signaling in common
metabolic disorders and inherited insulin resistance,” Danish
Medical Journal, vol. 61, no. 7, p. B4890, 2014.

[57] S. Adisakwattana and B. Chanathong, “Alpha-glucosidase
inhibitory activity and lipid-lowering mechanisms of mor-
inga oleifera leaf extract,” European Review for Medical and
Pharmacological Sciences, vol. 15, no. 7, pp. 803–808, 2011,
http://www.ncbi.nlm.nih.gov/pubmed/21780550.

[58] K. Tadera, Y. Minami, K. Takamatsu, and T. Matsuoka,
“Inhibition of ALPHA-glucosidase and ALPHA-amylase by
favonoids,” Journal of Nutritional Science and Vitaminology,
vol. 52, no. 2, pp. 149–153, 2006.

[59] A. Abd El Latif, B. E. S. El Bialy, H. D. Mahboub, and
M. A. Abd Eldaim, “Moringa oleiferaleaf extract ameliorates
alloxan-induced diabetes in rats by regeneration of β cells and
reduction of pyruvate carboxylase expression,” Biochemistry
and Cell Biology, vol. 92, no. 5, pp. 413–419, 2014.

[60] G. Siasos, D. Tousoulis, V. Tsigkou et al., “Flavonoids in
atherosclerosis: an overview of their mechanisms of action,”
Current Medicinal Chemistry, vol. 20, no. 21, pp. 2641–2660,
2013.

[61] J. I. Randriamboavonjy, G. Loirand, N. Vaillant et al.,
“Cardiac protective efects of moringa oleifera seeds in
spontaneous hypertensive rats,” American Journal of Hyper-
tension, vol. 29, no. 7, pp. 873–881, 2016.

[62] M. Botta, M. Audano, A. Sahebkar, C. Sirtori, N. Mitro, and
M. Ruscica, “PPAR agonists and metabolic syndrome: an
established role?” International Journal of Molecular Sciences,
vol. 19, no. 4, p. 1197, 2018.

[63] I. Barbagallo, L. Vanella, A. Distefano et al., “Moringa oleifera
Lam. Improves lipid metabolism during adipogenic difer-
entiation of human stem cells,” European Review for Medical
and Pharmacological Sciences, vol. 20, no. 24, pp. 5223–5232,
2016, http://www.ncbi.nlm.nih.gov/pubmed/28051244.

[64] U. Jung and M. S. Choi, “Obesity and its metabolic com-
plications: the role of adipokines and the relationship between
obesity, infammation, insulin resistance, dyslipidemia and
nonalcoholic fatty liver disease,” International Journal of
Molecular Sciences, vol. 15, no. 4, pp. 6184–6223, 2014.

[65] B. Wang, L. Li, J. Fu et al., “Efects of long-chain and medium-
chain fatty acids on apoptosis and oxidative stress in human
liver cells with steatosis,” Journal of Food Science, vol. 81, no. 3,
pp. H794–H800, 2016.

[66] V. Ajmera, E. R. Perito, N. M. Bass et al., “Novel plasma
biomarkers associated with liver disease severity in adults with
nonalcoholic fatty liver disease,” Hepatology, vol. 65, no. 1,
pp. 65–77, 2017.

[67] Y. Choi, M. A. Abdelmegeed, and B.-J. Song, “Preventive
efects of dietary walnuts on high-fat-induced hepatic fat
accumulation, oxidative stress and apoptosis in mice,” Te
Journal of Nutritional Biochemistry, vol. 38, pp. 70–80, 2016.

[68] N. Das, D. Ganguli, and S. Dey, “Moringa oleifera Lam. Seed
extract prevents fat diet induced oxidative stress in mice and
protects liver cell-nuclei from hydroxyl radical mediated
damage,” Indian Journal of Experimental Biology, vol. 53,
no. 12, pp. 794–802, 2015, http://www.ncbi.nlm.nih.gov/
pubmed/26742324.

[69] M. E. Abdel Fattah, H. M. Sobhy, A. Reda,
H. M. A. Abdelrazek, and H. M. A. Abdelrazek, “Hep-
atoprotective efect of moringa oleifera leaves aquatic extract
against lead acetate–induced liver injury in male wistar rats,”
Environmental Science and Pollution Research, vol. 27, no. 34,
pp. 43028–43043, 2020.

[70] R. M. Carr, A. Oranu, and V. Khungar, “Nonalcoholic fatty
liver disease,” Gastroenterology Clinics of North America,
vol. 45, no. 4, pp. 639–652, 2016.
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