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Introduction
Moringa oleifera (MO) is a fast growing tree belonging 
to monogeneric family Moringaceae, a native of India. 
The genus Moringa has 13 other species native to the 
African continent1 and are distributed in tropical and 
subtropical regions of the world (Fig 1). The plant has 
been used from ancient times to prepare various dishes 
and herbal medicines owing to its rich nutrient contents 
and therapeutic values. Hence, it is popularly known as 
‘Miracle tree’ or ‘Nature gift’ or ‘Mothers best friend’. 
In India, MO is commonly referred to as ‘drumstick 
tree’, due to the shape of its fruit which resembles a 
drum stick. It is also called as ‘horse radish tree’ due to 
the pungent smell of its roots. The plant has a diverse 
application such as source of food, animal fodder, 
natural coagulants, forestry products, fertilizer, alley 
cropping and fueling.2
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Abstract 

Since time immemorial, Moringa oleifera Lam. (MO) is a highly valued plant with potential application in the area 
of nutrition and medicine. All parts of the plant have been used in preparing Ayurvedic medicines while the 
leaves and pods have been used in preparing traditional dishes. The leaves of this plant are most commonly used 
as they are rich in amino acids, vitamins, poly-phenols, flavonoids, alkaloids and phytosterols, which attribute to 
the nutritive and medicinal properties. The tissue and cyto-protective action of MO against various toxic agents  
is gaining tremendous importance in the field of toxicology. However, very few reports have highlighted the 
protective effect of MO and its active components against gonadotoxic agents. The present review mainly 
focuses on the medicinal properties of MO with special reference to its role in male fertility preservation.
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Taxonomy of Moringa oleifera Lam.
Kingdom:Plantae

Phylum:    Tracheophyta

Class:        Magnoliopsida

Order:      Brassicales

Family:     Moringaceae

Genus:      Moringa

Species:    oleifera

Moringa oleifera plant as a nutritive source
Moringa oleifera is a highly nutritive plant. MO seeds 
are rich in monounsaturated fatty acids and proteins 
with sulfur containing amino acids.3 Interestingly, 
Moringa species grow in zones where malnutrition is 
more evident such as drought affected areas. The 
leaves, pods and seeds (Fig 2) of this plant are nutritious 
and most commonly used for preparing traditional 
dishes. In India, M. oleifera is commercially cultivated 
mainly for its pods as a vegetable4; the pods are rich in 
proteins, carbohydrates and dietary fibers.5 The leaves 
are rich in proteins, essential amino acids, vitamins, 
minerals and antioxidants which serve as natural 
remedy in preventing malnutrition in children of under- 
developed countries.6-8 A randomized blind placebo 
control study showed that MO leaf powder can 
improve nutritional intake and nutritional status in HIV 
infected patients undergoing anti-retroviral therapy 
thereby ensuring good immuno-metabolic response.9
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Fig 1: Global distribution of Moringa species 
(shown in green color)

106



Review Article          Moringa Oleifera- A Wonder Plant for Male Fertility Preservation Volume 7, Number 3

Fig 2: Different parts of Moringa oleifera plant 

Parts Composition Medicinal property 

Roots 

Benzyl 
isothiocyanate 
Phenethyl isothiocya
nate 

Anticancer 
Neuro-protective 
Anti-fertility 

Stem 
(Bark) 

 
Antibacterial action 
Anticancer effect 
Insulin sensitization 

Leaves 

Glucomoringin 
isothiocyanate, 
Quercetin, Benzyl 
isothiocyanate, 
Vicenin-2, 
Chlorogenic acid, 
Gallic acid, 
Kaempferol, 
Rosmarinic acid and 
Rutin 

Anticancer 

Chemo-sensitization 
 
Anti-diabetic 
Anti-bacterial 
Anti-viral 
Antianalgesic, anti-
inflammatory and 
antioxidant 
Wound healing 

Pods and 
seeds 

Isothiocyanates 

Anti-hypertension 
Antioxidant and 
antibacterial action 
Anti-inflammatory 
action 
Antiulcer 

Flowers Trypsin inhibitor 
Larvicidal action on 
Aedes aegypti 

(dengue fever) 

Table 1: Medicinal properties of different parts of 
Moringa oleifera plant

  active principle of the extract specifically targets 
the cancer cells, thereby it can potentially decrease 
the side effects on normal tissues unlike many of the 
chemotherapeutic drugs. Aqueous extract of MO 
leaves increased the cytotoxic effect of 
chemotherapeutic agents on pancreatic cancer 
cells11 by down-regulating nuclear factor-kappa 
beta (NF-kB) indicating chemo-sensitization of the 
extract. Ethanolic extract of leaves exhibited 
anticancer activity in breast and colorectal cancer 
cell lines.12 The crude extract and certain isolates of 
the plant such as glucomoringin isothiocyanate, 
quercetin and benzyl isothiocyanate have been 
shown to increase the apoptosis in cancer cell 
lines.13-16

b. Antidiabetic effects: Methanolic extract of MO 
leaves prevented diabetes induced nephrotoxicity 
through its hyperglycemic, antioxidant and 
anti-inflammatory action.17 Aqueous extract of leaf 
showed potent anti-diabetic effect against 
streptozotocin-induced diabetes in rats.18 The study 
on type 2 diabetes-induced mice and rats revealed 
that the extract of MO exhibited hypoglycemic 
effect, ameliorated oxidative stress, renal and 
hepatic dysfunction and improved glycogen 
synthesis and modulated lipid metabolism.19-22 It has 
been demonstrated that MO leaf extract can 
mitigate alloxan-induced diabetes by regenerating 
β-cells and modulate the expression of pyruvate 
carboxylase.23 Furthermore, the extract from bark 
showed improvement in insulin resistance induced 
by dexamethasone.24

c. Antimicrobial action: The water-soluble lectin 
extracted from MO exhibited antibacterial action 
against Serrata marcescens and Bacillus species by 
inducing cell wall damage.25 The bark showed 
significant beneficial effect in the management of 
urinary tract infections.26 The aqueous extract from 
MO leaves showed protection against HBV 
infection by reducing fibrosis markers, IL-6 and 
HBsAg secretion.27 The flower extract inhibited the 
larval growth of Aedes aegypti, a vector of dengue 
fever, by targeting trypsin and acetyl choline ester-
ase activity.28

d Other properties: Aqueous extract of MO leaves 
contain phytochemicals like vicenin-2, chlorogenic 
acid, gallic acid, quercetin, kaempferol, 
rosmarinic acid and rutin which exhibited poten-
tial wound healing property.29,30 The methanolic 
extract showed analgesic, anti-inflammatory and 
antioxidant properties in animal models.31-33 The 
active compounds in pods and seeds exhibited 
hypotensive and anti-ulcer properties 
respectively.34,35  The hydro-ethanolic extract of 
MO leaves showed cerebro-protective effect 
against ischemic stroke by decreasing oxidative 
stress36 and penicillin induced convulsion, 
locomotor behavior by modulating the secretion 
of neurotransmitters.37 

Use of Moringa oleifera in Ayurvedic 
medicine
Moringa oleifera is the plant of choice for the prepara-
tion of various traditional medicines since ancient times. 
All parts of the plant have shown immense health 
benefits, particularly in improving function of repro-
ductive, circulatory and immune system. Various 
studies have shown that MO and its active ingredients, 
either alone or as a multi-herbal preparation play a 
promising role in combating a wide range of patholo-
gies including cancer, diabetes, ulcer, oxidative stress, 
infection and infertility (Table 1). Among different parts 
of the plant, leaves have been widely studied for its 
various therapeutic properties as detailed below.

a. Anticancer effect: Aqueous extract of MO leaves 
hinder the proliferation of alveolar cancer cells by 
inducing oxidative stress, DNA fragmentation and 
apoptosis. Moreover, the anti-proliferative effect 
of the extract was greater in cancer cells than 
normal cells10; thus it can be speculated that an 
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Role of Moringa oleifera in tissue protection

The tissue protective action of MO is summarized in 
Table 2. The studies have shown that MO and its active 
components impart protective action against certain 
toxic chemicals and radiation. Aqueous extract of MO 
leaves showed amelioration of radiation-induced 
oxidative stress in mouse hepatocytes by inhibiting 
translocation of Nf-kb, decreasing lipid peroxidation 
and increasing the activity of antioxidant enzymes.38 
The toxic effect of radiation on bone marrow cell was 
mitigated by the extract by decreasing induction of 
chromosomal aberrations and micronucleus 
formation.39 A recent study revealed that butyl 
p-hydroxyphenyl-acetate (MIMO2), a novel 
compound isolated from MO leaves prevented 
oxidative stress and DNA damage induced by a metal 
vanadium, a potent neuro-toxicant.40 Further, MO leaf 
extract showed nephro-protective effect against 
acetaminophen, a common analgesic and antipyretic by 
modulating activity of antioxidant enzymes and 
anti-inflammatory molecules.41 Similarly, another study 
exhibited the mitigating effect of MO leaves on 
acetaminophen induced hepatotoxicity by restoring 
glutathione level.42 The ethanolic extract of MO leaves 
showed ameliorating effect against anti-tuberculosis 
drugs (isoniazid, rifampicin, and pyrazinamide) - 
induced hepatotoxicity.43 The oil extracted from MO 

seeds showed protective effect against carbon 
tetrachloride (CCl4)-induced hepatitis by decreasing 
lipid peroxidation and antioxidant status in rat 
hepatocytes .44

Protective role of Moringa oleifera in male gonadal 
toxicity

It is known that certain chemicals and radiation are 
highly toxic to testes as they affect structure and/or 
functioning of testes. In literature, there are very few 
reports on protective action of MO against testicular 
toxicity. The ethanolic extract of leaves showed the 
mitigating effect against chromium-induced testicular 
toxicity and improvement in sperm functions by 
preventing oxidative stress and increasing testosterone 
in rats.45 The oil produced from MO, mitigated mercury 
induced testicular toxicity by improving steroidogen-
esis and antioxidant status in rats.46 However, there are 
no studies on the protective role of MO against chemo-
therapy and radiotherapy; which are known to cause 
severe damaging effects on testes imparting infertility. 
Therefore, we have conducted experiments to assess 
the testicular protective effect of ethanolic extract of 
MO leaves against cyclophosphamide, a broad 
spectrum anticancer drug.

Role of Moringa oleifera in Fertility Preservation

In recent years, the number of cancer survivors have 
been increasing due to the tremendous advancement in 
diagnostic and therapeutic strategies in cancer 
treatment. However, due to the non-specific action of 
radiation and anticancer drugs, these agents can cause 
toxicity in normal cells leading to various long-term 
health issues. Testis is highly vulnerable to these toxic 
agents due to the presence of rapidly proliferating 
spermatogonial stem cells (SSC). Depletion of SSC 
leads to temporary or permanent arrest in spermato-
genesis. Therefore, cancer survivors have compro-
mised fertility potential which in turn affects the quality 
of life post chemotherapy and radiotherapy. 

Fertility preservation is a promising option to preserve 
reproductive capacity of cancer patients undergoing 
chemo- and radio- therapies. The currently available 
methods of fertility preservation are depicted in Fig 3. 

Fig 3: Schematic representation to show fertility preservation options for males

MO Extract /
Phytochemicals

Toxic agents Tissue/ cell 

Leaf extract Radiation 
Liver 

Bone marrow

 

Leaf extract Acetaminophen 
Kidney 

Liver 

Leaf extract 

Antituberculosis 
drugs- isoniazid, 
rifampicin, and 
pyrazinamide 

Liver 

Leaf extract Chromium 
Testis 

Leaf extract Cyclophosphamide 

Butyl p-hydroxy
phenyl-acetate 

Vanadium Neurons 

Table 2: Tissue protective action of Moringa oleifera leaf 
extract and its phytochemicals. 
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Semen cryopreservation is a well-established method 
for fertility preservation in adult males. However, it 
cannot be applicable for pre-pubertal individuals as 
they do not produce spermatozoa; testicular 
cryopreservation or SSC cryopreservation followed by 
derivation of spermatozoa by auto-transplantation or in 
vitro culture are the only available options. But these 
protocols are still in the experimental stages and have 
technical limitations. Since the survival rate in 
childhood cancer has increased more than 80%47, there 
is a need for developing a strategy for fertility preserva-
tion, which is practically feasible and economically 
affordable.

Chemoprotection is considered to be an ideal, 
alternative option for fertility preservation using 
cyto-protective agents. These include Gonadotro-
pin releasing hormone (GnRH) analogues48,49, 
synthetic compounds like amifostine (WR-2721), 
AS101 (immuno-modulator)50,51 and natural prod-
ucts like antioxidants, vitamins and plant 
extracts.52-63 Among these, natural products have 
gained popularity because they are part of our diet 
and well tolerated by the body. Moreover, the 
clinical trials with GnRH analogs and other 
synthetic agents did not show any promising role 
in preventing chemotherapy-induced male 
gonadal toxicity.64,65 The chemoprotective effect 
of various plant extracts and natural compounds 

against chemo and radiotherapy induced testicular 
toxicity are mentioned in Table 3.

Our earlier study demonstrated that administration of 
ethanolic extract of MO leaves (MOE) to pre-pubertal 
mice mitigated the cyclophosphamide (CP) induced 
testicular toxicity and improved the sperm functional 
characteristics when mice attained puberty.66 
The improvements in the testicular functions were 
associated with decreased lipid peroxidation and 
increased activity of antioxidant enzymes like super-
oxide dismutase (SOD) and catalase suggesting that 
MOE prevents testicular tissue by preventing oxida-
tive stress induced by CP. Further, administration of 
MOE prior to CP was able to decrease the DNA 
damage and apoptosis in spermatogonial cells of 
pre-pubertal mice which are highly sensitive to CP. 
The protective effect of MOE is further supported by 
gene expression analysis by quantitative reverse 
transcriptase PCR (qRT-PCR), where it has been 
shown to modulate the expression of genes related to 
DNA damage response, pluripotency and stem cell 
survival.67

Mechanism of protective action
High Performance Thin Layer Chromatography 
(HPTLC) analysis showed that MOE is rich in quercetin 
and chlorogenic acid that are known to possess 
antioxidant and anti-apoptotic properties. CP is an 
alkylating agent which mainly targets rapidly prolifer-
ating spermatogonial cells. In our study, it was 
demonstrated that MOE increased the activity of 
antioxidant enzymes like superoxide dismutase 
(SOD), catalase, glutathione peroxidase (GPX4), 
glutathione S transferase (GST) and glutathione 
reductase (GSR). These enzymes can help in 
CP-induced oxidative stress and prevent oxidative 
damage of DNA, RNA and proteins. Single cell gel 
electrophoresis (Comet assay) and Terminal deoxy-
nucleotidyl transferase dUTP nick end labeling 
(TUNEL) assay showed that DNA damage and apop-
tosis induced by CP was significantly decreased by 
MOE administration in spermatogonial cells thereby 
ensuring the normal spermatogenesis and improve-
ment in quality of spermatozoa. Further, in support of 
the above findings, flow cytometric analysis showed 
that MOE attenuated CP-induced depletion of differ-
entiating and haploid population. Gene expression 
analysis showed that MOE modulated the expression 
of genes related to apoptosis (P53, Bax, Bcl2 and 
CytC), pluripotency (Oct4) and stem cell survival 
(c-Kit) suggesting the molecular mechanism underly-
ing protective effect. The study on kinetics of DNA 
damage and repair following CP treatment in 
spermatogonial cells revealed that MOE administra-
tion modulated the expression of γ-H2AX (double 
strand break sensor) as well as RAD51 and KU80 
(repair proteins).  These observations further confirm 
that MOE can alter the CP mediated DNA damage 
response, thereby rescuing the spermatogonial cells 
leading to normal spermatogenesis (unpublished 
findings).

Extract/active
compounds 

Chemotherapeutic
agent 

Beneficial effect 

Zingiber officinale Busulfan 
Increased sperm 
count and 
testosterone 

Ginkgo biloba  

Doxorubicin 

Improved sperm 
functions, 
decreased 
oxidative stress 
and apoptosis 

Allium sativum  

Amaranthus viridis  Cyclophosphamide Improved sperm 
functions, 
endocrine 
functions, 
antioxidant 
status and 
decreased 
apoptosis 

Rosmarinus 

officinalis  
Etoposide 

Podophyllum 

hexandrum  
Radiation 

Improved 
spermatogenesis 
and antioxidant 
status 

Mentha Piperita   

β-carotene Methotrexate Decreased 
oxidative 
damage and 
apoptosis 
 

Curcumin Cisplatin 

Vitamin C Cisplatin 

Ellagic acid 
Cisplatin 
Cyclophosphamide 

Increased sperm 
quality, 
improved 
spermatogenesis 
and antioxidant 
status 

Lycopene Cyclophosphamide 

Table 3: Chemo-protective role of herbal extracts and its 
active principles in chemo and radiotherapy-induced 
testicular toxicity
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Conclusion and future prospects
Administration of MOE seems to be a promising 
strategy to prevent chemotherapy-induced testicular 
toxicity. This can serve as an ideal option for 
pre-pubertal boys undergoing chemotherapy. The use 
of MO during cancer treatment is expected to have 
complementary effects due to the anticancer properties 
of the extract in addition to its normal tissue protective 
effect. The anti-proliferative activity of the extract 
helps in reducing the dose of anticancer drugs and in 
turn can further reduce the testicular toxicity. However, 
further studies are required to establish the dual role of 
MO as an anticancer and protective agent.

References

1) Leone A, Spada A, Battezzati A, Schiraldi A, Aristil 
J, Bertoli S. Cultivation, Genetic, Ethnopharmacol-
ogy, Phytochemistry and Pharmacology of 
Moringa oleifera Leaves: An Overview. Int J Mol 
Sci. 2015;16(6):12791-835.

2) Anwar F, Latif S, Ashraf M, Gilani AH. Moringa 

oleifera: a food plant with multiple medicinal uses. 
Phytother Res. 2007;21(1):17-25.

3) Leone A, Spada A, Battezzati A, Schiraldi A, Aristil 
J, Bertoli S. Moringa oleifera Seeds and Oil: 
Characteristics and Uses for Human Health. Int J 
Mol Sci. 2016;17(12). pii: E2141.

4) Saini RK, Sivanesan I, Keum YS. Phytochemicals 
of Moringa oleifera: a review of their nutritional, 
therapeutic and industrial significance. 3 Biotech. 
2016;6(2):203.

5) Promkum C, Kupradinun P, Tuntipopipat S, 
Butryee C. Asian Pac J Cancer Prev. 2010;11(3): 
627-32.

6) Barichella M, Pezzoli G, Faierman SA, Raspini B, 
Rimoldi M, Cassani E et al. Nutritional characteri-
sation of Zambian Moringa oleifera: acceptability 
and safety of short-term daily supplementation in 
a group of malnourished girls. International 
journal of food sciences and nutrition. 2018: 1-9.

7) Ramaroson RV, Valentin D, Arvisenet G. How to 
use local resources to fight malnutrition in Mada-
gascar? A study combining a survey and a 
consumer test. Appetite. 2015; 95: 533-43.

8) Glover-Amengor M, Aryeetey R, Afari E, Nyarko 
A. Micronutrient composition and acceptability of 
Moringa oleifera leaf-fortified dishes by children 
in Ada-East district, Ghana. Food Sci Nutr. 
2016;5(2):317-23.

9) Tshingani K, Donnen P, Mukumbi H, Duez P, 
Dramaix-Wilmet M. Impact of Moringa oleifera 
lam. Leaf powder supplementation versus 
nutritional counseling on the body mass index and  

 immune response of HIV patients on antiretrl 
therapy: a single-blind randomized control trial. 
BMC Complement Altern Med. 2017;17(1):420.

10) Jung IL. Soluble extract from Moringa oleifera 
leaves with a new anticancer activity. PLoS One. 
2014;9(4):e95492.

11) Berkovich L, Earon G, Ron I, Rimmon A, Vexler A, 
Lev-Ari S. Moringa Oleifera aqueous leaf extract 
down-regulates nuclear factor-kappaB and 
increases cytotoxic effect of chemotherapy in 
pancreatic cancer cells. BMC Complement Altern 
Med. 2013;13:212.

12) Al-Asmari AK, Albalawi SM, Athar MT, Khan AQ, 
Al-Shahrani H, Islam M. Moringa oleifera as an 
Anti-Cancer Agent against Breast and Colorectal 
Cancer Cell Lines.PLoS One. 2015;10(8): 
e0135814.

13) Rajan TS, De Nicola GR, Iori R, Rollin P, Bramanti 
P, Mazzon E. Anticancer activity of glucomoringin 
isothiocyanate in human malignant astrocytoma 
cells. Fitoterapia. 2016;110:1-7.

14) Maiyo FC, Moodley R, Singh M. Cytotoxicity, 
Antioxidant and Apoptosis Studies of Quercetin-
3-O Glucoside and 4-(beta-D-Glucopyranosyl-1-
->4-alpha-L-Rhamnopyranosyloxy)-Benzyl 
l Isothiocyanat e fro m Moring a oleifera. Anticance
r Agents Med Chem. 2016;16(5):648-56.

15) Jung IL, Lee JH, Kang SC. A potential oral antican-
cer drug candidate, Moringa oleifera leaf extract, 
induces the apoptosis of human hepatocellular 
carcinoma cells. Oncol Lett. 2015;10(3):1597-
1604.

16) Bose CK. Possible role of Moringa oleifera Lam. 
root in epithelial ovarian cancer. MedGenMed : 
Medscape general medicine. 2007;9(1):26.

17) Omodanisi EI, Aboua YG, Oguntibeju OO. 
Assessment of the Anti-Hyperglycaemic, 
Anti-Inflammatory and Antioxidant Activities of 
the Methanol Extract of Moringa Oleifera in 
Diabetes-Induced Nephrotoxic Male Wistar Rats. 
Molecules. 2017; 22(4).pii.E439.

18) Yassa HD, Tohamy AF. Extract of Moringa oleifera 
leaves ameliorates streptozotocin-induced Diabe-
tes mellitus in adult rats. Acta Histochem. 
2014;116(5):844-54..

19) Tang Y, Choi EJ, Han WC, Oh M, Kim J, Hwang JY 
et al. Moringa oleifera from Cambodia Amelio-
rates Oxidative Stress, Hyperglycemia, and 
Kidney Dysfunction in Type 2 Diabetic Mice. 
Journal of medicinal food. J Med Food. 
2017;20(5):502-10.

110



Review Article          Moringa Oleifera- A Wonder Plant for Male Fertility Preservation Volume 7, Number 3

20)  Abd Eldaim MA, Shaban Abd Elrasoul A, Abd 
Elaziz SA. An aqueous extract from Moringa 

oleifera leaves ameliorates hepatotoxicity in 
alloxan-induced diabetic rats. Biochem Cell Biol. 
2017;95(4):524-30.

21) Paula PC, Sousa DO, Oliveira JT, Carvalho AF, 
Alves BG, Pereira ML et al. A Protein Isolate from 
Moringa oleifera Leaves Has Hypoglycemic and 
Antioxidant Effects in Alloxan-Induced Diabetic 
Mice. Molecules. 2017;22.pii: E271.

22) Olayaki LA, Irekpita JE, Yakubu MT, Ojo OO. 
Methanolic extract of Moringa oleifera leaves 
improves glucose tolerance, glycogen synthesis 
and lipid metabolism in alloxan-induced diabetic 
rats. Journal of basic and clinical physiology and 
pharmacology. J Basic Clin Physiol Pharmacol. 
2015;26(6):585-93.

23) Abd El Latif A, El Bialy Bel S, Mahboub HD, Abd 
Eldaim MA. Moringa oleifera leaf extract amelio-
rates alloxan-induced diabetes in rats by regenera-
tion of beta cells and reduction of pyruvate 
carboxylase expression. Biochem Cell Biol. 
2014;92(5):413-9.

24) Sholapur HN, Patil BM. Effect of Moringa oleifera 
bark extracts on dexamethasone-induced insulin 
resistance in rats. Drug Res (Stuttg). 2013;63(10): 
527-31.

25) Moura MC, Trentin DS, Napoleao TH, 
Primon-Barros M, Xavier AS, Carneiro NP et al. 
Multi-effect of the water-soluble Moringa oleifera 
lectin against Serratia marcescens and Bacillus sp: 
antibacterial, antibiofilm and anti-adhesive 
properties. Journal of applied microbiology. J Appl 
Microbiol. 2017;123(4): 861-74.

26) Maurya SK, Singh AK. Clinical Efficacy of Moringa 

oleifera Lam. Stems Bark in Urinary Tract Infec-
tions. Int Sch Res Notices. 2014;2014:906843.

27) Feustel S, Ayon-Perez F, Sandoval-Rodriguez 
A,Rodríguez-Echevarría R, Contreras-Salinas H, 
Armendáriz-Borunda J et al. Protective Effects of 
Moringa oleifera on HBV Genotypes C and H 
Transiently Transfected Huh7 Cells. J Immunol 
Res. 2017;2017:6063850.

28) Pontual EV, Napoleao TH, Dias de Assis CR, de 
Souza Bezerra R, Xavier HS, Navarro DM et al. 
Effect of Moringa oleifera flower extract on larval 
trypsin and acetylcholinesterase activities in Aedes 
aegypti. Arch Insect Biochem Physiol. 2012 ;79(3): 
135-52.

29) Chin CY, Jalil J, Ng PY, Ng SF. Development and 
formulation of Moringa oleifera standardised leaf 
extract film dressing for wound healing applica-
tion. J Ethnopharmacol. 2018;212:188-99.

30) Rathi BS, Bodhankar SL, Baheti AM. Evaluation of                
aqueous leaves extract of Moringa oleifera Linn for 
wound healing in albino rats. Indian J Exp Biol. 
2006;44(11):898-901.

31) Adedapo AA, Falayi OO, Oyagbemi AA. Evalua-
tion of the analgesic, anti-inflammatory, 
anti-oxidant, phytochemical and toxicological 
properties of the methanolic leaf extract of 
commercially processed Moringa oleifera in some 
laboratory animals. J Basic Clin Physiol Pharmacol. 
2015;26(5):491-9.

32) Gull I, Javed A, Aslam MS, Mushtaq R, Athar MA. 
Use of Moringa oleifera Flower Pod Extract as 
Natural Preservative and Development of SCAR 
Marker for Its DNA Based Identification. Biomed 
Res Int. 2016;2016:7584318.

33) Jaja-Chimedza A, Graf BL, Simmler C, Kim Y, 
Kuhn P, Pauli GF et al. Biochemical characteriza-
tion and anti-inflammatory properties of an 
isothiocyanate-enriched moringa (Moringa 

oleifera) seed extract. PLoS One. 2017;12(8): 
e0182658 658.

34) Faizi S, Siddiqui BS, Saleem R, Aftab K, Shaheen 
F, Gilani AH. Hypotensive constituents from the 
pods of Moringa oleifera. Planta Med. 1998; 
64(3):225-8.

35) Kim Y, Wu AG, Jaja-Chimedza A, Graf BL, Water-
man C, Verzi MP et al. Isothiocyanate-enriched 
moringa seed extract alleviates ulcerative colitis 
symptoms in mice. PLoS One. 2017;12(9): 
e0184709.

36) Kirisattayakul W, Wattanathorn J, Tong-Un T, 
Muchimapura S, Wannanon P, Jittiwat J. Cerebro-
protective effect of Moringa oleifera against focal 
ischemic stroke induced by middle cerebral artery 
occlusion. Oxid Med Cell Longev. 2013;2013: 
951415.

37) Ray K, Hazra R, Guha D. Central inhibitory effect 
of Moringa oleifera root extract: possible role of 
neurotransmitters. Indian J Exp Biol. 2003;41(11): 
1279-84.

38) Sinha M, Das DK, Bhattacharjee S, Majumdar S, 
Dey S. Leaf extract of Moringa oleifera prevents 
ionizing radiation-induced oxidative stress in 
mice. J Med Food. 2011;14(10):1167-72.

39) Rao AV, Devi PU, Kamath R. In vivo radioprotec-
tive effect of Moringa oleifera leaves. Indian J Exp 
Biol. 2001 Sep;39(9):858-63.

40) Igado OO, Glaser J, Ramos-Tirado M, Bankoğlu 
EE, Atiba FA, Holzgrabe U et al. Isolation of a 
novel compound (MIMO2) from the methanolic 
extract of Moringa oleifera leaves: protective 
effects against vanadium-induced cytotoxity. 
Drug Chem Toxicol. 2018;41(3):249-58.

111



Review Article          Moringa Oleifera- A Wonder Plant for Male Fertility Preservation Volume 7, Number 3

41) Karthivashan G, Kura AU, Arulselvan P, Md Isa N, 
Fakurazi S. The modulatory effect of Moringa 

oleifera leaf extract on endogenous antioxidant 
systems and inflammatory markers in an 
acetaminophen-induced nephrotoxic mice model. 
PeerJ. 2016;4:e2127.

42) Fakurazi S, Hairuszah I, Nanthini U. Moringa 

oleifera Lam prevents acetaminophen induced 
liver injury through restoration of glutathione 
level. Food Chem Toxicol. 2008;46(8):2611-5.

43) Pari L, Kumar NA. Hepatoprotective activity of 
Moringa oleifera on antitubercular drug-induced 
liver damage in rats. Journal of medicinal food. J 
Med Food. 2002;5(3):171-7.

44) Al-Said MS, Mothana RA, Al-Yahya MA, 
Al-Blowi AS, Al-Sohaibani M, Ahmed AFet al. 
Edible oils for liver protection: hepatoprotective 
potentiality of Moringa oleifera seed oil against 
chemical-induced hepatitis in rats. J Food Sci. 
2012;77(7):T124-30.

45) Sadek KM. Chemotherapeutic efficacy of an 
ethanolic Moringa oleifera leaf extract against 
chromium-induced testicular toxicity in rats. 
Andrologia. 2014;46(9):1047-54.

46) Abarikwu SO, Benjamin S, Ebah SG, Obilor G, 
Agbam G. Oral administration of Moringa oleifera 
oil but not coconut oil prevents mercury-induced 
testicular toxicity in rats. Andrologia. 2017; 49(1).

47) Ward E, DeSantis C, Robbins A, Kohler B, Jemal A. 
Childhood and adolescent cancer statistics, 2014. 
CA Cancer J Clin. 2014;64(2):83-103.

48) Meistrich ML, Wilson G, Huhtaniemi I. Hormonal 
treatment after cytotoxic therapy stimulates 
recovery of spermatogenesis. Cancer Res. 1999; 
59(15):3557-60.

49) Wang G, Shao SH, Weng CC, Wei C, Meistrich 
ML. Hormonal suppression restores fertility in 
irradiated mice from both endogenous and 
donor-derived stem spermatogonia. Toxicol Sci. 
2010;117(1):225-37.

50) Vendramini V, Sasso-Cerri E, Miraglia SM. 
Amifostine reduces the seminiferous epithelium 
damage in doxorubicin-treated prepubertal rats 
without improving the fertility status. Reprod Biol 
Endocrinol. 2010;8:3.

51) Carmely A, Meirow D, Peretz A, Albeck M, 
Bartoov B, Sredni B. Protective effect of the immu-
nomodulator AS101 against cyclophosphamide-
induced testicular damage in mice. Hum Reprod. 
 2009;24(6):1322-9.

52) Vardi N, Parlakpinar H, Ates B, Cetin A, Otlu A. 
Antiapoptotic and antioxidant effects of beta-
carotene against methotrexate-induced testicular 
 injury. Fertil Steril. 2009;92(6):2028-33.

53) Ahmed EA, Omar HM, elghaffar S, Ragb SM, 
Nasser AY. The antioxidant activity of vitamin C, 
DPPD and L-cysteine against Cisplatin-induced 
testicular oxidative damage in rats. Food Chem 
Toxicol. 2011;49(5):1115-21.

54) Bordbar H, Esmaeilpour T, Dehghani F, 
Panjehshahin MR. Stereological study of the 
effect of ginger's alcoholic extract on the testis in 
busulfan-induced infertility in rats. Iran J Reprod 
Med. 2013;11(6):467-72.

55) Yeh YC, Liu TJ, Wang LC, Lee HW, Ting CT, Lee 
WL et al. A standardized extract of Ginkgo biloba 
suppresses doxorubicin-induced oxidative stress 
and p53-mediated mitochondrial apoptosis in rat 
testes. Br J Pharmacol. 2009;156(1):48-61.

56) Nasr AY. The impact of aged garlic extract on 
adriamycin-induced testicular changes in adult 
male Wistar rats. Acta Histochem. 2017 
Jul;119(6):648-662.

57) Ayoka OA, Ojo OE, Imafidon EC, Ademoye KA, 
Oladele AA. Neuro-endocrine effects of aque-
ous extract of Amaranthus viridis (Linn.) leaf in 
male Wistar rat model of cyclophosphamide-
induced reproductive toxicity. Toxicol Rep. 
 2016;3:608-19.

58) Tousson E, Bayomy MF, Ahmed AA. Rosemary 
extract modulates fertility potential, DNA 
fragmentation, injury, KI67 and P53 alterations 
induced by etoposide in rat testes. Biomed 
Pharmacother. 2018;98:769-74.

59) Samanta N, Goel HC. Protection against radiation 
induced damage to spermatogenesis by Podophyl-
lum hexandrum. J Ethnopharmacol. 2002;81(2): 
217-24.

60) Samarth RM, Samarth M. Protection against 
radiation-induced testicular damage in Swiss 
albino mice by Mentha piperita (Linn.). Basic Clin 
Pharmacol Toxicol. 2009;104(4):329-34.

61) Ilbey YO, Ozbek E, Cekmen M, Simsek A, Otunc-
temur A, Somay A. Protective effect of curcumin 
in cisplatin-induced oxidative injury in rat testis: 
mitogen-activated protein kinase and nuclear 
factor-kappa B signaling pathways. Hum Reprod. 
2009;24(7):1717-25.

112



Review Article          Moringa Oleifera- A Wonder Plant for Male Fertility Preservation Volume 7, Number 3

62) Turk G, Atessahin A, Sonmez M, Ceribasi AO, 
Yuce A. Improvement of cisplatin-induced injuries 
to sperm quality, the oxidant-antioxidant system, 
and the histologic structure of the rat testis by 
ellagic acid. Fertil Steril. 2008;89(5 Suppl): 1474- 
81.

63) Ceribasi AO, Turk G, Sonmez M, Sakin F, 
Atessahin A. Toxic effect of cyclophosphamide on 
sperm morphology, testicular histology and blood 
oxidant-antioxidant balance, and protective roles 
of lycopene and ellagic acid. Basic Clin Pharmacol 
Toxicol. 2010;107(3):730-6.

64) da Cunha MF, Meistrich ML, Nader S. Absence of 
testicular protection by a gonadotropin-releasing 
hormone analogue against cyclophosphamide- 
induced testicular cytotoxicity in the mouse. 
Cancer Res. 1987;47(4):1093-7.

65) Vendramini V, Robaire B, Miraglia SM. 
Amifostine-doxorubicin association causes 
long-term prepubertal spermatogonia DNA 
damage and early developmental arrest. Hum 
Reprod. 2012;27(8):2457-66.

66) Nayak G, Vadinkar A, Nair S, Kalthur SG, D'Souza 
AS, Shetty PK et al. Sperm abnormalities induced 
by pre-pubertal exposure to cyclophosphamide 
are effectively mitigated by Moringa oleifera leaf 
extract. Andrologia. 2016;48(2):125-36.

67) Nayak G, Honguntikar SD, Kalthur SG, D'Souza 
AS, Mutalik S, Setty MM et al. Ethanolic extract of 
Moringa oleifera Lam. leaves protect the 
pre-pubertal spermatogonial cells from 
cyclophosphamide-induced damage. J Ethnophar-
macol. 2016;182:101-9.

113


