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ABSTRACT

Hyperglycaemia is a clinical indicator of
Diabetes Mellitus (DM), chronic hyperglycemia
in diabetes is associated with damage to organ
systems, such as kidney damage, eyes, nerves,
and blood vessels, and even death through
oxidative stress processes, resulting in an
imbalance between antioxidants and free
radicals. One of the plants that contain
antioxidants is Moringa Oleifera (MO), MO has
been utilized as a food source material. This
plant has low toxicity, natural antioxidants, and
important bioactive phytochemicals and is an
excellent source of alternative natural therapies
to synthetic drugs. Exogenous antioxidants in
Moringa leaves may have potential as free
radical scavengers. Studies published between
2017 and 2023 were systematically reviewed
through identification in Research Gate, Science
Direct, PubMed, and Google Scholar databases.
Studies that met the inclusion criteria were
included for review. The results of the literature
review of the articles carried out can be
concluded that the administration of moringa
leaf extract is able to reduce blood sugar levels,
reduce MDA levels and increase antioxidants in
the body, such as Superoxide Dismutase (SOD),
Catalase (CAT) and Glutathione Peroxidase
(GSH-Px).
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INTRODUCTION

Diabetes Mellitus (DM), is a global health
threat, where the prevalence of DM patients
has increased from year to year. In 2021
there were 537 million (10.5%) people with
DM, this number is predicted to increase to
643 million in 2030. Southeast Asia has the
third highest number of people with DM
after the Middle East and North America. @
Indonesia is the fifth largest country with
DM after China, India, Pakistan, and the
United States. According to Basic Health
Research Data (Riskesdas) in 2018, the
prevalence of DM in Indonesia increased
from 2013 to 2018 by 0.5%, based on
gender, women have a higher percentage
than men. @

Hyperglycaemia can lead to organ and
tissue damage through oxidative stress. ¢4
Oxidative stress is a condition caused by an
imbalance between oxidants and
antioxidants in biological systems, where
oxidants are higher than antioxidants. ©6)
resulting in the formation of excessive
Reactive Oxygen Species (ROS) or when
antioxidant  defense  mechanisms are
weakened. The body's natural antioxidant
defense system is defeated when ROS
production is excessive. () Increased ROS
can cause damage to Deoxyribo Nucleic
Acid (DNA), proteins, and lipids. ¢

An increase in the amount of ROS occurs
because lipid peroxidases can attack highly

International Journal of Research and Review (ijrrjournal.com) 26
Volume 10; Issue: 11; November 2023


http://www.ijrrjournal.com/

Asti Marian et.al. Moringa oleifera leaf extract as an antioxidant on malondialdehyde (MDA) and glutathione
peroxidase (GSH-Px) levels in rats with hyperglycemia: a systematic literature review

saturated fatty acids in the cell membrane.
Lipid peroxidation caused by oxidative
stress will initiate cell death and cell
enzyme  activity. (@9  Antioxidants
originating from within the body are not
able to neutralize free radicals, so
antioxidants are needed from outside the
body (exogenous antioxidants), antioxidants
based on their sources are classified into
endogenous and exogenous antioxidants.
Endogenous antioxidants function in the
body's defense system, especially against
the activity of ROS compounds that can
cause oxidative stress and prevent the
formation of new radicals. These
antioxidants consist of SOD, CAT, and
GSH-Px. (112 Antioxidant compounds are
substances needed to neutralize and prevent
damage caused by free radicals (ROS). One
source of exogenous antioxidants can be
obtained from MO, also known as the
miracle tree. 13

Indonesia itself does not know much about
the benefits of this plant. usually, it is only
used for food mixture or animal feed, and
there are also those who use it to bathe
corpses or sheds. 4 his plant contains 46
types of antioxidants and more than 90
nutrients, besides containing 36 anti-
inflammatory compounds. ® So, this plant
is medically popular because it has shown
great health benefits. (16

METHODS

The systematic literature review was
proposed in the Universitas Andalas. The
search was undertaken start from August to

September 2023. The methods and reporting
were developed and conducted using
systematic methodology and consistent with
Preferred Reporting Items For Systematic
Review And Meta-Analyses (PRISMA)
report guidelines. Based on this search, 435
articles were obtained. After reading and
tracing the contents of the article through
the abstract and its contents adjusted to the
author's objectives, only 10 articles were
found that were suitable.

Source Of literature

Systematic Literature Review (SLR), using
secondary data obtained from database
articles namely Google Scholar, PubMed,
Elsevier, and Science Direct which can be
downloaded for free, with a span of 6 years
published in 2017. Based on the literature
review, research results were selected that
showed several research variables related to
Moringa leaf extract as an antioxidant
against oxidative stress marker conditions.

Search Terms

Search terms are applied using various
boolean  operators  using  keywords
“Hyperglycemia” OR “Diabetes”, “Leaf
extract moringa oleifera”, “Anti-Oxidant”,
and “Oxidative Stress”.

Inclusion and Exclusion Criteria

This study used inclusion and exclusion
criteria using appropriate journal articles
from national and international journals.
Study eligibility the set of criteria can be
seenin Table 1

Table 1. Inclusion and Exclusion Criteria

Inclusion Criteria

Exclusion Criteria

Studies published from 2017-2023

Studies published before

Studies discuss Moringa leaf extract, Antioxidants, oxidative stress, and Hyperglycaemia or | 2017

diabetes

Experimental studies
Using animal experiments
Text can be accessed in full

Text not accessible
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STUDY SELECTION AND DATA EXTRACTION

Figure 1: PRISMA Flow Diagram
Key Word: Hyperglycemia OR Diabetes, Leaf extract Moringa
Oleifera, Oxidative Stress, Anti-oxidant
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RESULT including Egypt, South Africa, Mexico,
Data extraction was performed after Indonesia, India, Libya, Nepal, Thailand,

reviewing the quality of the studies in six
well-regarded publications. Data was
extracted by evaluating the title, author
name, year, place of study, intervention, and
outcome of the study. Table 1 shows the
results of data extraction. After screening
and selection through articles based on
inclusion criteria, With the exception and
eligibility of articles determined by the
authors based on the PRISMA Guidelines
format, there are 10 articles in this review.
Studies were conducted in various countries,

and Nigeria with publications from 2017 to
2023.

The results of Eldanim research, et al.
(2017) showed that Wistar rats induced with
alloxan at a dose of 150 mg / kgBB and then
given MO water extract at a dose of 250 mg
/ kgBB for 2.5 weeks, were able to reduce
blood sugar levels, reduce MDA
concentration in liver tissue and increase
GSH-Px concentration in liver tissue. In a
study conducted by Omodanisi, et al.,
(2017), showed that Wistar rats induced by

International Journal of Research and Review (ijrrjournal.com)

28

Volume 10; Issue: 11; November 2023



Asti Marian et.al. Moringa oleifera leaf extract as an antioxidant on malondialdehyde (MDA) and glutathione
peroxidase (GSH-Px) levels in rats with hyperglycemia: a systematic literature review

Streptozotocin (STZ) at a dose of 50
after being given MO
6 weeks
endogenous antioxidants, such as CAT,
SOD, and GSH-Px and were able to reduce
the level of lipid peroxidation (MDA).
of research

mg/kgBB,
ethanol

Meanwhile,

extract for

the results

conducted by Badriyah,

et al

leaf
increased

(2023),

Tabel 2 Summary Of Included Studies

showed that albino Swiss rats with male sex
induced by alloxan at a dose of 200 mg /
kgBB, after being given moringa leaf
extract at a dose of 50 mg / kgBB for 90
days increased GSH-PX levels and catalase
activity and decreased oxidative stress
biomarkers Malondialdehyde (MDA), nitric
oxide (NO), and protein carbonyl (PC)).

No Model Experiment,

Tittle Source/ Stucjy Effective Dose and Outcomes
years Setting h
Intervention

1. | Anaqueous extract from moringa Eldanim, etal | Egypt Diabetes induced by Moringa leaf aqueous extract
oleifera leaves ameliorates (2017) alloxan150 mg/kg BB using | reduced hyperglycaemia in
hepatotoxicity in alloxan- induced wistar rats were given alloxan-induced diabetic rats,
diabetic rats 7 moringa oleifera leaf water reduced liver tissue MDA

extract at a dose of 250 concentration, increased liver
mg/kgBB for 2.5 weeks. tissue GSH-Px concentration

2. | Assesment of the anti- Omodanisi, et | Afrika STZ-induced diabetes at a Increases Antioxidants such
hyperglycaemic, anti-inflammatory al (2017) Selatan dose of 55 mg/kgBB. In as CAT, SOD, GSH-Px and
and antioxidant activities of the Wistar rats treated with reduces the level of lipid
methanol extract of moringa Oleifera Moringa Oleifera leaf peroxidation (MDA).
in diabetes- incluced nephrotoxic methanol extract at a dose of
male wistar rats “® 250 mg/kgBB for 6 weeks.

3. Streptozotocin-Induced Adaptive Sanchez- Meksiko STZ-induced diabetes in Increased antioxidant
Modification of Mitochondrial Munoz, et al wistar rats treated with molecules, such as CAT,
Supercomplexes in Liver of Wistar (2018) moringa oleifera methanol GST, and GSH-Px and
Rats and the Protective Effect extract at a dose of 200 decreased levels of lipid
of Moringa oleifera Lam @ mg/kgBB for 3 weeks oxidation (MDA) in the

brain.

4. | Antioxidant Activity of Moringa Yudi Indonesia | Alloxan-induced diabetes in | Moringa leaf extract can help
Leaves (Moringa oleifera) in Induced | Priyanto, et al Wistar rats with Moringa reduce MDA levels and
Diabetic Rats (2023) leaf extract doses of 200 increase SOD levels.
Alloxan @0 mg/kgBB, 400 mg/kgBB

and 600 mg for 21 days.

5. Protective role of Moringa B. Y. Aju, et India Streptozotocin-induced Lower blood glucose and
oleifera leaf extract on cardiac al (2019) diabetes in rats with a dose increase antioxidant enzyme
antioxidant status and lipid of moringa oleifera activities (SOD, CAT, GSG-
peroxidation in streptozotocin methanol extract Px) in diabetic rat heart.
induced diabetic rats ¢ 300mg/kgBB for 60 days.

6. Evaluation of Antidiabetic Effect of Badriyah Libya Diabetes induced by alloxan | GSH-PX levels and catalase
Combined Leaf and Seed Extracts Aljazzaf, et al with a single dose of 200 activity were increased and
of Moringa oleifera (Moringaceae) (2023) mg/kgBB in adult male oxidative stress biomarkers
on Alloxan-Induced Diabetes in swiss albino rats with a dose | MDA, nitric oxide (NO), and
Mice: A Biochemical and of moringa oleifera protein carbonyl (PC) were
Histological Study ¢? methanol extract decreased).

500mg/kgBB for 90 days

7. Efficacy of moringa oleifera aqueous | Rakhidas, et | Nepal Streptozotocin-induced The group given moringa
leaf extracts on hyperglycemia in al (2022) diabetes in wistar rats with a | leaf extract had lower
streptozotocin-induced diabetic dose of moringa methanol pancreatic MDA levels and
wistar rats @3 extract 200mg/kgBB for 6 increased pancreatic GSH-Px

weeks levels compared to the
control group.

8. Moringa oleifera leaf extract Ruttiya Thailand Diabetes induced with Reduced MDA levels in
ameliorates early stages of diabetic Thongrung, et streptozotocin 50 mg/kgBB serum, and increased SOD
nephropathy in streptozotocin- al (2023) in male Sprague-dawley rats | and catalase activity
induced diabetic rat ®¥ with doses of moringa

oleifera water extract 200
mg/kgBB and 300mg/kgBB
for 8 weeks

9. Ethanolic extreact of moringa Nuria Nigeria Diabetes induced with Increase in SOD
Oleifera leaves shows anti- Oganezi, et al streptozotocin 120 mg/kgBB | concentration after
hyperglycemi potencies on (2023) in rats with doses of administration of the extract

experimental wistar rats: a focus on
optimization of biomarkers of type 2
diabetes 9

moringa oleifera ethanol
extract 250 mg/kgBB, 500
m/kgBB, 750 mg/kgBB,
1000 mg/kgBB and 1250
mg/kgBB for 30 days.

at larger doses, increase in
GSH-Px showed better with
increasing doses.

MDA levels were reduced in
rats given the extract at
larger doses

International Journal of Research and Review (ijrrjournal.com)

Volume 10; Issue: 11; November 2023

29




Asti Marian et.al. Moringa oleifera leaf extract as an antioxidant on malondialdehyde (MDA) and glutathione
peroxidase (GSH-Px) levels in rats with hyperglycemia: a systematic literature review

10. | Moringa Oleifera Leaves queous Mabrouk Egypt Diabetes induced with Significantly increased GSH-
extract ameliorates Hepatotoxicity in | Attia Abd Alloxan 150 mg/kgBB in Px concentration, maintained
alloxan-induced Diabetic Rats Eldaim, et al albino rats with a dose of SOD and Catalase and

(2017) Moringa leaf aqueous significantly decreased MDA
extract 250 mg/kgBB for 18 | concentration.
days
DISCUSSION MDA and carbonyl compounds, but

This study presents a systematic review of
Moringa Oleifera Leaf Extract as an
Antioxidant on Malondialdehyde and
Glutathione Peroxidase Levels in Rats with
Hyperglycaemia The results show that
experimental models in rat animals induced
by alloxan and STZ cause hyperglycaemia
conditions, alloxan and STZ are common
and most widely used diabetogenic, for
reasons of affordability and availability. ©¢7)
Hyperglycaemia contributes to oxidative
stress conditions due to excess products of
ROS. Oxidative stress occurs through the
activity of several pathways, such as
increased protein kinase C activity,
production of AGEs, polyol pathway, and
hexosamine pathway. (28

ROS production induced by hyperglycemia
and oxidative stress correlates with the
pathogenesis and development of metabolic
diseases. To counteract the harmful effects
of ROS, endogenous antioxidants or
exogenous antioxidants are required to
neutralise them and maintain homeostasis.
(2% ROS plays a role both physiologically
and pathologically. At moderate
concentrations, ROS is involved in
physiological functions such as regulating
intracellular signal transduction and redox
reactions. However, excess ROS production
(pathologically) can result in damage to
DNA, proteins, and lipids. ©9 The primary
reactive oxygen species (ROS) consist of
the superoxide anion (O2 -—), hydroxyl
radical (OH-), peroxyl radical (ROO-), and
alkoxyl radical (RO-) to prevent damage
from ROS, a balance between pro-oxidants
and antioxidants must be maintained.
Increased free radicals will lead to lipid
peroxidation, DNA and protein oxidation.
Continuous lipid oxidation reactions by
ROS or free radicals will produce peroxyl
radicals (ROO-), this condition causes an
increase in oxidative stress markers, such as

conversely endogenous antioxidant levels
such as glutathione and SOD decrease
because they are used to counteract free
radicals. (233)

Free radicals are an integral part of life and
metabolism, in order to survive the attack of
radicals, a defense system called
antioxidants is needed. Antioxidants are
compounds that can delay, slow down, and
prevent lipid oxidation. Antioxidants are
divided into two types, namely endogenous
antioxidants (enzymatic) and exogenous
antioxidants (non-enzymatic), The
enzymatic antioxidants consist of SOD,
CAT, GSH-Px, and Glutathione Reductase
(GR). Meanwhile, non-enzymatic
antioxidants can be obtained from outside
the body, including Vitamin C, Vitamin E,
Polyphenols, Carotene, Coenzyme Q10, and
others. G0

According to Mthiyane (2022), revealed that
one of the plants that showed significant
beneficial effects on human health, is
Moringa Oleifera (MO). Leaf extracts from
MO  showed effects capable of
strengthening  intracellular  antioxidant
defences and lowering lipid peroxidation
products and reducing proinflammatory
markers. @4 The antioxidant activity of MO
leaves is influenced by the age of the leaves
and the extraction solvent used. Ethanol
solvent was most efficient for the
production of extracts with high flavonoid
content, while methanol solvent was used to
obtain extracts rich in polyphenols. Among
these solvents, ethanol showed higher
antioxidant activity than water extract.
Thus, the water extract showed the lowest
antioxidant activity and phytochemical
content. 3 The pharmacological activity of
MO is one of them as an antioxidant, the
antioxidants contained in MO leaf extract
include  compounds of  flavonoids,
polyphenols tannins, terpenoids, alkaloids,
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phenolics, saponins, and (Vitamins A, C,
and E). ©9)

As for the role of each antioxidant, Vitamin
E (tocopherol) is a fat-soluble vitamin, that
works on cell membranes and lipoproteins
so as to prevent lipid peroxidation, the
working principle of antioxidants is able to
provide hydrogen ions so that free radicals
become stable. The main function of
antioxidant vitamin E is to prevent lipid
peroxide. Vitamin E can end the chain
process of free radicals inhibit the
production of new free radicals and limit
damage to the cell membrane area. The
clinical function of vitamin E antioxidants
in food as antioxidants in preventing the
peroxidation process of Polyunsaturated
Fatty Acids (FUFAS).

The antioxidant properties of flavonoids can
act as prooxidants under  certain
circumstances. It depends on the structural
characteristics of flavonoids and their ability
to interact with and penetrate the lipid
bilayers of cells. Flavonoids can directly
capture ROS, inhibit enzymes that play a
role in generating superoxide anions, and
prevent the peroxidation process by
reducing alkoxyl and peroxyl radicals, so
flavonoids act as radical-scavenging
antioxidants. ¢7)

Polyphenols or phenolics act as antioxidants
by chelating metal ions so as to reduce the
capacity of metals to produce free radicals,
polyphenols are said to be antioxidants if
they fulfil two conditions, namely if they are
present in low concentrations relative to the
substrate to be oxidised, polyphenols will
inhibit, prevent, reduce auto-oxidation or
oxidation mediated by free radicals and the
resulting form of free radicals after
scavenging must be stable to interfere with
the oxidation chain reaction, Phenolics
inhibit fat prooxidants by rapidly donating
hydrogen atoms to the peroxyl chain
(ROO) resulting in the formation of alkyl
hydroperoxides (ROOH). G7)

Vitamin C as a strong water-soluble
antioxidant has the ability to donate
hydrogen atoms and form relatively stable
ascorbyl free radicals, as an antioxidant

vitamin C is able to work well inside or
outside the cell and can neutralise free
radicals and prevent damage due to free
radicals, Vitamin C is an effective
scavenger against ROS and nitrogen oxides,
such as superoxide radical ions, H20o,
hydroxyl radicals and singlet oxygen. @0
The potential of vitamin A (Retinol) as an
antioxidant prevents oxidation or rancidity
of fats. %8 Vitamin A is able to suppress the
effect of linoleic acid on the oxidation
process so that it can interact with radicals
and prevent lipid peroxidation in cells. 9
Saponins may affect H2O, induced ROS
formation in hepatocytes. Nuclear factor-
erythroid-2 related factor 2 (Nrf2), NRF2 is
a potential regulator of cell resistance to
oxidants, and it exhibits many cell
protective effects against various toxicities
and chronic diseases associated with
oxidative stress. 49 When cells are exposed
to oxidative stress, Glutamate Cysteine
ligase (GCL) is rapidly activated by NRF2,
contributing to NRF2-mediated cell
protection following oxidative stress. “%)
Saponins  activate and increase the
expression of these antioxidant enzymes,
thereby reducing oxidative stress in cells
which is a transcription factor that can
increase the transcription of various
antioxidants and detoxification enzymes.
Enzymatic endogenous antioxidants or
antioxidant enzymes produced by the
human body as an antidote to free radicals,
namely SOD, CAT dan GSH-Px. Enzymatic
antioxidants are also called secondary
antioxidants, which capture free radicals and
stop the formation of free radicals. “? SOD
is a metalloenzyme that catalyzed the
reduction reaction of superoxide anion
radical (O2) into hydrogen peroxide (H20>)
and O». Catalase is an enzyme that catalyzes
the reduction reaction of hydrogen peroxide
(H202) compounds to O, and H20. While
GSH-Px catalyses the reduction reaction of
H202 into organic hydroperoxide
compounds. “3)

Based on this literature review, the general
use of MO leaf extracts in the range of more
than 200 mg/KgBB from a duration of
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administration of more than two weeks, so it
IS necessary to develop future research on
MO as a functional food in the management
of diabetes.

CONCLUSION

MO is a plant that contains antioxidants.
The antioxidants it contains include
flavonoids and their derivatives,
Polyphenol, Terpenoid, Alkaloid, Saponin,
vitamin C, vitamin E, Vitamin A. so they
can repel free radicals, this can be judged
from markers of oxidative stress, where leaf
extract moringa oleifera was given in
hyperglycemic experimental animals for
several weeks can reduce blood sugar,
malondialdehyde levels and increase
endogenous antioxidants in the body, such
as Superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GSH-
PX).

Declaration by Authors

Ethical Approval: Not Required
Acknowledgement: None

Source of Funding: None

Conflict of Interest: The authors declare no
conflict of interest.

REFERENCES

1. International Diabetes Federation. (2021).
IDF Diabetes Atlas-10t" Edition. Diakses 3
Maret 2023, www.diabetesatlas.org

2. Riskesdas. (2018). National Report on Basic
Health Research 2018. Jakarta. Health
Research and Development Agency of the
Ministry of the Republic of Indonesia.

3. Avila-Escalante, ML. Coop-Gamas, F.
Cervantes-Rodriguez, M. Mendez-Iturbide,
D. Aranda-Gonzalez, Il. et al. (2020). ‘The
effect of diet on oxidative stress and
metabolic diseases—Clinically controlled
trials’, Journal of Food Biochemistry,44(5).
doi.org/10.1111/jfbc.13191.

4. Pasupuleti, VR. Arigela, CS. Gan, SH.
Salam, SKN. Krishnan, KT. Rahman, NA.
et al. (2020). ‘A review on oxidative stress,
diabetic complications, and the roles of
honey polyphenols’, Oxidative Medicine

5. Ullah, A. Khan, A and Khan, I. (2016).
‘Diabetes mellitus and oxidative stress—A
concise review’, Saudi Pharmaceutical
Journal, 24(5). Available at:
https://doi.org/10.1016/j.jsps.2015.03.013.
pp. 547-553.

6. Ghasemi-Dehnoo, M. Amini-Khoei, H.
Lorigooini, Z. Rafieian-Kopaei, M. (2020).
‘Oxidative stress and antioxidants in
diabetes mellitus’, Asian Pacific Journal of
Tropical Medicine.  Wolters  Kluwer
Medknow Publications,
doi.org/10.4103/1995-7645.291036. pp.
431-438.

7. Ramdiana and Legiran. (2023). ‘Literature
Review: Oxidative Stress and Female
Reproduction’. Journal of Public Health
Sciences, 12(03).
doi.org/10.33221/jikmv12i03.1968. pp.
202-214

8. Juan, C. Lastra, J. Perez-Lebena E. et al.
(2021). ‘Molecular Sciences The Chemistry
of Reactive Oxygen Species (ROS)
Revisited:  Outlining Their Role in
Biological Macromolecules (DNA, Lipids
and Proteins) and Induced Pathologies’, Int.
J. Mol. Sci, 22.doi.org/10.3390/ijms.p.4642

9. Meo, SD. Venditti, P. Victor, VM.
Napolitano, G. (2022). ‘Harmful and
Beneficial Role of ROS 2020°, Oxidative
Medicine and  Cellular  Longevity.
doi.org/10.1155/2022/9873652.

10.Su, L. Zhang, J. Gomez, H. Murugan, R.
Hong, X. Jiang, F. Xu, D. et al. (2019).
‘Reactive Oxygen Species-Induced Lipid
Peroxidation in Apoptosis, Autophagy, and
Ferroptosis’,  Oxidative Medicine and
Cellular Longevity, 20109.
doi.org/10.1155/2019/5080843.

11.Suwanto and Gustomi M. (2019). Medicinal
Plants as Complementary  Therapy.
Surakarta: UNS Press.

12.Maharani, Riskierdi, Febriani, I. Aisyah, KK.
Aulia, RN, Fadila, IN. et al. (2021). ‘The
Role of Natural Antioxidants Made from
Local Food in Preventing the Effects of Free
Radicals’. in : proceedings National
Seminar BIO 2021. Universitas Negeri
Padang. pp. 390-399.

13.Pareek, A., Pant, M., Gupta, M. M.,
Kashania, P., Ratan, Y., Jain, V. (2023).

and Cellular Longevity. E:/Iorrnln?ah 0 ivolelferaF:e vi vﬁn fUpdatIetd
doi.org/10.1155/2020/8878172. omprenensive evie or 1B
Pharmacological Activities,

Ethnomedicinal, Phytopharmaceutical

International Journal of Research and Review (ijrrjournal.com) 32

Volume 10; Issue: 11; November 2023


http://www.diabetesatlas.org/
https://doi.org/10.1016/j.jsps.2015.03.013
https://doi.org/10.4103/1995-7645.291036
https://doi.org/10.33221/jikm.v12i03.1968
https://doi.org/10.3390/ijms
https://doi.org/10.1155/2022/9873652

Asti Marian et.al. Moringa oleifera leaf extract as an antioxidant on malondialdehyde (MDA) and glutathione
peroxidase (GSH-Px) levels in rats with hyperglycemia: a systematic literature review

Formulation, Clinical, Phytochemical, and
Toxicological ~ Aspects. International
Journal of Molecular Sciences, 24(3).
https://doi.org/10.3390/ijms24032098.  pp.
1-36

14.Saputra, N., & Sulistyarsi, A. (2019). The
Effect of Giving Moringa Leaf Simplicia
(Moringa Oleifera) on the Kidney Tissue
Structure of Mice (Mus Muculus). Madiun.
15 Agustus 2019. Proceedings National
Seminar SIMBIOSIS IV.pp. 365-370

15.Rivai, O. (2020). Identification of
Compounds  Contained in  Moringa
(Moringa oleifera) Leaf Extract. Indonesian
Journal of Fundamental Sciences. Vol 6, no
2. Pp. 63-70

16.Alegbeleye, OO. (2018). ‘How Functional Is
Moringa oleifera, A Review of Its Nutritive,
Medicinal, and Socioeconomic Potential’.
Food and Nutrition  Bulletin,39(1),
doi.org/10.1177/0379572117749814.  pp.
149-170.

17.Eldanim, M, A. Elrasoul, A, S. Elaziz, S, A.
(2017). An aqueous extract from moringa
oleifera leaves ameliorates hepatotoxicity in
alloxan-induced diabetic rats. Biochem Cell
Biol. 95 (4). pp. 524-530

18.0modanisi, E, I. Aboua, Y. Oguntibeju, O,
O. (2017). Assesment of the anti-
hyperglycaemic, anti-inflammatory and
antioxidant activities of the methanol extract
of moringa Oleifera in diabetes- incluced
nephrotoxic male wistar rats. Molecules. 22
(4). Pp1-16

19.Sanchez-munoz, M,A. Valdez-Solana, M, A.
Campos-almazan, M, 1. et, al,. (2018).
Streptozotocin-induced Adaptive
Modification of Mitochondria
supercomplexes in liver of Wistar Rats and
the Protective Effect of Moringa Oleifera.
Biochem Res Int.pp. 1-16

20.Priyanto, Y. Christijanti, W. Lisdiana.
Marianti, A. (2023). Antioxidant Activity of
Moringa Leaves (Moringa oleifera) in
Induced Diabetic Rats Alloxan. Life

Science.12 (D),
http://journal.unnes.ac.id/sju/index.php/Life
Sci. pp.97-106.

21.Aju, BY. Rajalakshmi, R. Mini. (2020).
Protective role of Moringa oleifera leaf
extract on cardiac antioxidant status and
lipid peroxidation in streptozotocin induced
diabetic  rats. Heliyon. 5  (12).
https://doi.org/10.1016/j.heliyon.2019.e029
35. pp. 1-7.

22.Aljazzaf, B. Regeai, S. Elghmasi, S. et al.
(2023). Evaluation of Antidiabetic effect of
Combined Leaf and seed Extracts of
moringa oleifera (Moringaceae) on alloxan-
induced Diabetes in Mice: A Biochemical
and Histological Study. Hindawi.Volume
2023. pp.1-21.

23.Das, R. Khatiwada, R. Das, BK. (2022).
Efficacy of Moringa Oleifera a queous leaf
extracts on hyperglycemia in streptozotocin-
induced diabetic wistar rats. J Biochem
Biotech. 5(5). pp.1-6.

24.Thongrung, R. Pannangpetch, P.
Senggunprai, L. et al. (2023). Moringa
oleifera leaf extract ameliorates early stages
of diabetic nephropathy in streptozotocin-
induced diabetic rats. Journal of Applied
Pharmaceutical Science. Vol. 13 (08). pp.
158-166.

25.0ganezi, N. Ojimelukwe, P. (2023).
Ethanolic extract of Moringa Oleifera leaves
shows Anti-Hyperglycemic potencies on
experimental Wistar rats: a focus on
optimization of biomarkers of type 2
diabetes. Research Square.
https://doi.org/10.21203/rs.3.rs-3103145/v1.
pp.1-25.

26.Eldanim, MA. Elrasoul, AS, Elaziz SA.
(2017). An aqueous extract from moringa
oleifera leaves ameliorates hepatotoxicity in
alloxan-induced diabetic rats. Biochemistry
and Cell Biology. 95 (4). pp. 524-530.

27.1ghodaro, O M. Adeosun, A M. and
Akinloye, O A. (2017). Alloxan-induced
diabetes, a common model for evaluating
the glycemic-control potential of therapeutic
compounds and plants extracts in
experimental studies. Medicina. 53 (6).
https://doi.org/10.1016/j.medici.2018.02.00
1. pp. 365-374

28.Decroli, E. (2019). Diabetes Mellitus Book.
Edited by Kam Alexander et al. Publishing
Center for Internal Medicine. Padang. pp. 8-
9

29.Bhatti,J S.Sehrawat, A. Mishra, J. et al.
(2022).  Oxidative  stress in  the
pathophysiology of type 2 diabetes and
related complications: Current therapeutics
strategies and future perspectives. Free
Radic Biol Med. Volume 184. pp 114-134

30.Sunarti.  (2021). Antioxidants in the
Treatment of Metabolic Syndrome. Prasetyo.
Yogyakarta: UGM Press.

31.Avila-Escalanta, M L. Coop-Gamas, F.
Cervantes-Rodriguez, M. et al. (2019). The

International Journal of Research and Review (ijrrjournal.com) 33
Volume 10; Issue: 11; November 2023


https://doi.org/10.3390/ijms24032098
https://doi.org/10.1177/0379572117749814.
http://journal.unnes.ac.id/sju/index.php/LifeSci.
http://journal.unnes.ac.id/sju/index.php/LifeSci.
https://doi.org/10.1016/j.heliyon.2019.e02935
https://doi.org/10.1016/j.heliyon.2019.e02935
https://doi.org/10.21203/rs.3.rs-3103145/v1
https://doi.org/10.1016/j.medici.2018.02.001
https://doi.org/10.1016/j.medici.2018.02.001

Asti Marian et.al. Moringa oleifera leaf extract as an antioxidant on malondialdehyde (MDA) and glutathione
peroxidase (GSH-Px) levels in rats with hyperglycemia: a systematic literature review

effect of diet on oxidative stress and
metabolic diseases— Clinically controlled
trials. J Food Biochem. DOI:
10.1111/jfbc.13191. pp.1-16

32.Slamet Suyono. (2011). Diabetes mellitus in
Indonesia. In: Sudoyo, A W, et al. Diseases
invol Ill. PAPDI. Jakarta

33.Waspadji S. (2011). Chronic complications
of diabetes, mechanisms of occurrence,
diagnosis and management strategies In:
Sudoyo et al. Diseases in vol 1l1. Jakarta

34.Mthiyane, F t. Phiwayinkosi, V. Ziqubu, D
K. et al. (2022). A Review on the
Antidiabetic Properties of Moringa
oleifera Extracts: Focusing on Oxidative
Stress and Inflammation as Main
Therapeutic ~ Targets. Frontiers  in
pharmacology. Volume 13.
10.3389/fphar.2022.940572. pp. 1-17

35.Nobose, P. Fombang, E N. Mbofung, C MF.
(2018). Effectr of age and extraction solvent
on phytochemical content and antiokxidant
activity of fresh Moringa Oleifera L. leaves.
Food science & Nutrition. 6 (8).
D0i:10.1002/fsn3.783. pp. 2188-783.

36.Rivai, O. (2020). Identification of
Compounds  Contained in  Moringa
(Moringa oleifera) Leaf Extract. Indonesian
Journal of Fundamental Sciences. Vol 6 (2).
Pp. 63-70

37.Yuslianti, E. (2022). Introduction to Free
Radicals and Antioxidants.  Cimahi:
deeppublish.

38.Nimse, S B and D. Pal. (2015). Free Radical,
Natural Antioxidants and Their Reaction

Mechanism: Review Article. RSC Adv. 5.pp.
27986-28006

39.Arrendondon, M.L.O, Betancour, M.C.P,
Yoshida, G. (2016). Relationship Between
Vitaminintake and Total Antioxidant
Capacity in Elderly Adults. Univ. Sci. 21(2).
Pp. 167-177

40.Krejsa, C M. Franklin, C C. White, C C. et al
(2010). Rapid activation of glutamate
cysteine ligase following oxidative stress. J.
Biol. Chem.285: doi: 10.1074/jbc.
M110.116210. pp.16116-16124.

41.Khan, M |. Karima, G. Khan M Z. et al.
(2022). Therapeutic Effect of Saponin for
the Prevention and Tretment of Cancer by
Ameliorating Inflamation and Angiogenesis
and Inducing Antioxidant and Apoptotic
Effect in Human Cell. International Jurnal
of  Molecular  Science. 23  (13).
10.3390/ijms231810665. pp 1-15

42.Murray R K. Victor, W. Rodwell. (2009).
Biochemistry Harper Ed.27. Jakarta. EGC

43.Parwata, | M A. (2016). Antioxidant
Teaching Materials. Postgraduate
Programa Universitas Udayana. Bukit
Jimbaran

How to cite this article: Asti Marian, Eti
Yerizel, Hudila Rifa. Moringa oleifera leaf
extract as an antioxidant on malondialdehyde
(MDA) and glutathione peroxidase (GSH-Px)
levels in rats with hyperglycemia: a systematic
literature review. International Journal of
Research and Review. 2023; 10(11): 26-34.
DOI: https://doi.org/10.52403/ijrr.20231104

*kkkkk

International Journal of Research and Review (ijrrjournal.com) 34
Volume 10; Issue: 11; November 2023


https://doi.org/10.3389%2Ffphar.2022.940572
https://doi.org/10.1002%2Ffsn3.783
https://doi.org/10.3390%2Fijms231810665

