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Background: Excessive generation of free radicals has been reported to be associated with infertility.
Clinical studies investigating the effect of supplementation with Moringa oleifera (Lam) on
antioxidant and oxidative stress markers of infertile women are deplete. This study aims to
investigate the effects of supplementation with Moringa oleifera on the antioxidant and oxidative
stress markers of infertile women.

Methodology: This study was an open-label randomized clinical trial. A total of 100 women, aged
35-50 years, attending Island Maternity Hospital, Lagos who were diagnosed of infertility were
recruited and screened. Blood sample was collected at the follicular phase of the menstrual cycle for
pre-enrollment fertility screening. Plasm levels of Luteinizing Hormone (LH), Follicle Stimulating
Hormone (FSH), Prolactin and Estrogen (E2) were measured using Enzyme Linked Immunosorbent
Assay (ELISA) technique. Of these numbers, 40 had elevated hormonal profile and were excluded.
Sixty women with normal hormonal profile were randomized into two groups each comprising 30
subjects respectively. Thirty fertile women attending the same hospital were randomly selected.
Five-milliliter of blood specimen was collected and used to assess the baseline of biomarkers
between fertile and infertile women. The case group was supplemented with 2 g of MO capsules in
divided doses daily for four weeks. The control group received no supplementation. After four weeks
post-supplementation, plasma levels of Malondialdehyde (MDA), Total Plasma Peroxide (TPP),

Lipid hydroperoxide (LPO), Total Antioxidant Capacity (TAC), Glutathione reductase (GR), and
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Glutathione (GSH) were reassessed using standard methods. The Oxidative Stress Index (OSI) was
calculated using an approved conventional method.

Results: The mean levels of markers of oxidative stress (MDA, TPP, LPO, and OSI) were higher in
infertile women than in the fertile group. However, only TPP and OSI were significantly higher (p <
0.05). Levels of MDA, TPP, LPO, and OSI were lower in the supplemented group than in those
unsupplemented (P>0.05). The levels of antioxidant biomarkers (TAC, GR, and GSH) were slightly
higher in the infertile women supplemented with Moringa oleifera than in the unsupplemented group
(P>0.05).

Conclusion: This study revealed that increase in oxidative stress biomarkers is associated with
female infertility. Supplementation with Moringa oleifera in infertile women could help reduce the

effects of OS among infertile women and might likely improve pregnancy outcome.

Corresponding author: Augustine Onyeaghala, aonyeaghala@chrislanduniversity.edu.ng

Introduction

The World Health Organization defines infertility as the inability of a couple to achieve pregnancy
after one year of uninterrupted sexual intercourse (Chowdhury et al, 2017). Estimates from 1997
suggested that worldwide, about five percent (5%) of all heterosexual couples had unresolved
infertility (Himmel et al., 1997). Male infertility constitutes about 20% - 30% of infertility cases, while
20% - 35% are due to female infertility and 25% - 40% are due to combined problems in both sexes

(Chowdhury et al., 2017).

There are basically two types of infertility: primary and secondary. While primary infertility refers to a
condition in which couples have been unable to achieve conception in spite of several sexual
intercourse episodes, secondary infertility refers to a condition where couples have been able to

achieve conception at least once, but find it difficult to achieve another in spite of several trials.

Several factors have been identified as causes of infertility in both sexes. These include abnormal
anatomical structures in reproductive organs, hormonal disorders, and genetic factors (Mauricio and
Ludovico, 2013; Sang et al., 2023). Other causes which have been implicated are infections, Cushing’s
syndrome, hyperprolactinaemia, thyroid disorders, polycystic ovary syndrome (PCOS), and primary

ovarian insufficiency (POI) (Michael et al., 2021, Sang et al., 2023). Furthermore, ovulatory problems
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which generally manifest with sparse or absent menstrual periods have been implicated as one of the

major causes of infertility among women (Chowdhury et al., 2017).

Metabolic processes in humans result in the generation of reactive oxygen species (ROS). The
antioxidant system of the body provides protection against the damaging effects of reactive oxygen
species (ROS). The imbalance between ROS production and antioxidant defense leads to oxidative
stress (0S). The harmful effect of ROS is neutralized by a broad class of protective agents termed
antioxidants, which prevent oxidative damage by reacting with free radicals before any other molecule
can become a target. Antioxidants are probably now regarded as superheroes for maintaining health.
The enzymatic antioxidants such as Superoxide Dismutase (SOD), Catalase (CAT), Glutathione
Peroxidases (GPx), and non-enzymatic antioxidants like Vitamin C, Vitamin E, Ceruloplasmin,
albumin, and reduced glutathione (GSH) play important roles in the protection of cells against free

radical damage (Halliwel, 2001; Chowdhury et al., 2017; Tarique-Hussain et al., 2021)).

Excessive generation of ROS, higher than the supply of antioxidants to the body system, results in
oxidative stress (0OS). It has been reported that OS dysregulates the balance between reactive oxygen

species (ROS) and the antioxidant system in the body (Tarique-Hussain et al., 2021).

Evidence abounds on the role of ROS in female reproduction. Studies on human and animal models
have shown that ROS influences oocyte development, maturation, follicular atresia, corpus luteum
function, and luteolysis (Agarwal et al., 2005). The ROS affects follicular function, development of
oocytes, endometrium, and the normal reproductive environment needed to achieve effective function
(Agarwal and Gupta, 2005; Manika et al., 2017). The luteinizing hormone (LH) surge precipitates the
upregulation of ROS that affects all other major reproductive functions, including oocyte maturation,
ovarian steroidogenesis, corpus luteal function, and luteolysis (Manika et al., 2017). The availability of
an adequate anti-oxidant system balances ROS generation and maintains the cellular functions,
permitting a normal reproductive environment. Both enzymatic and non-enzymatic antioxidants,
namely, vitamins and minerals, are present in the follicles, and these protect the oocytes from ROS
damage. The overproduction of ROS results in oxidative stress, and this has an effect on the quality of

oocytes which might result in anovulation (Manika et al., 2017).

Excess ROS in the follicle may overwhelm the follicular fluid antioxidant defense mechanism, thereby
damaging the oocytes. Furthermore, severe OS could precipitate the damage of the DNA of oocytes and

spermatozoa, thereby leading to defective fertilization; and when fertilization is achieved, 0S-induced
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apoptosis, embryo fragmentation, implantation failure, abortion, impaired placentation, and

congenital abnormalities could occur (Manika et al., 2017; Tarique-Hussainet al., 2021).

The use of plant-based products for food and medicinal purposes has been a regular practice in
Nigeria and Africa for many centuries and has become a key component of the healthcare delivery
system. Studies have shown that over 80% of populations in developing countries have used herbal
supplements as a primary source of healthcare; and in Nigeria, over 90% of the rural population and
over 40% of the urban settlers depend on herbal-based products to meet their healthcare needs

(WHO, 2013; WHO, 2022; Onyeaghala et al., 2023).

Moringa oleifera (M. oleifera) is a tree that grows on most continents, including Africa, Asia, America
and many other parts of the world. It is called by different names, including: drumstick, which is due
to the appearance of its immature pods; the horseradish tree and the ben oil tree; the 'tree of life' or
the 'Miracle Tree' due to its economic importance and versatility [Sidney et al., 2015]. Its leaves, roots,
stems, and flowers have been widely used in traditional medicine and have been reported to possess
diverse medicinal properties [Razis et al., 2014]. Moringa oleifera is consumed in Nigeria by different
people, in ways and for different purposes. While many decoc the leaf and consume it as tea, others
use it as spices for food. Moringa oleifera has been reported to possess anti-inflammatory,
antihypertensive, diuretic, antimicrobial, antioxidant, anti-diabetic, anti-hyperlipidemic,
antineoplastic, antipyretic, antiulcer, cardioprotective, and hepatoprotective properties [Razis et al.,
2014; Sidney et al., 2015; Plott, 2017]. The numerous health benefits derivable from moringa oleifera
have been attributed to the diverse chemicals that are present in the medicinal plant. The leaf of
moringa oleifera has been reported to contain 17 times more calcium than that of milk and 10 times

more Vitamin A than that of carrots [Plott, 2017].

Mammalian reproductive physiology is regulated by the gonadotropins - luteinizing hormone (LH)
and follicle-stimulating hormone (FSH) - secreted from the anterior pituitary, which act on the
gonads to produce sex steroids. The gonadotropins are controlled by gonadotropin-releasing
hormone (GnRH), secreted in a pulsatile manner from the hypothalamus. This reproduction is highly
controlled by the hypothalamic-pituitary axis. Interruption of these processes at any functional event
in either sex leads to fertility impairment (Tsutsumi et al., 2009). Herbal therapy that has actions on
the hypothalamus-pituitary-gonadal axis may influence reproductive physiology and ameliorate
some infertility problems (Wang et al., 2017; Sulagna and Pallav 2018). Thus, the identification of

efficacious herbal plants that influence the hypothalamic pituitary-gonadal axis may provide
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alternative treatments for infertility and ultimately lead to more effective medicine. A number of
recent studies have identified plants that have fertility enhancement (and Moringa oleifera may be one
of such plants, given its capacity in in-vivo studies in laboratory animals to inhibit inflammation and

oxidative stress (Lans et al., 2018; Ben et al., 2023).

There is a dearth of clinical studies and information about this plant on infertility. Premised on this,
there is a need to properly evaluate and document its clinical usefulness among women diagnosed
with primary infertility. This study is therefore aimed to study the effect of supplementation of

Moringa oleifera on the antioxidant and oxidative stress markers of infertile women.

Methodology

Study Design: This study was an open-label randomized clinical trial.

Ethical Issues: Ethical approval (SUB/LIMH/75/VOL/V553) was obtained from the Lagos State
Ministry of Health, Lagos State Ikeja. Informed consent was obtained from all participants. The study
followed the principles declared in the Helsinki Declaration and Good Clinical Practice (GCP)

regulation.

Study Population: A total of 100 women, aged 35-50 years attending Island Maternity Hospital, Lagos
who were diagnosed with infertility were recruited and screened. Although the active reproductive age
for women has been reported to be within 15-49 years (WHO0, 2022), but published report has shown
that women above 50 years of age could achieve fertility following oocyte donation (Speroff, 1994).

This justified our inclusion of women within 50 years of age in the study.

Blood sample was collected for pre-enrollment fertility screening at the follicular phase of the
menstrual cycle. Plasma levels of LH, FSH, Prolactin and E2 were measured using ELISA technique. Of
these numbers, 40 had elevated hormone profile and were excluded. Sixty of these infertile women
had a normal hormone profile. These women were randomized into two study groups (Figure 1).
Randomization was performed using computer generated random allocation of participants into the

two treatment arms in order to achieve equal numbers are allocated to both study and control groups.

Group 1. This comprised of 30 women diagnosed with primary infertility who met all inclusion
criteria. The women had no evidence of hormonal abnormalities and there was no known cause of
infertility as revealed from available medical history, record and laboratory findings. Blood sample

was collected and baseline levels of oxidative stress and antioxidant biomarkers were determined.
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Thereafter, the subjects were supplemented with 2g of Moringa oleifera capsules taking in divided

doses of 1g morning and evening respectively for four weeks.

Group 2: This was the control group. They comprised of 30 women who were diagnosed with
infertility. The women had no evidence of hormonal abnormalities and there was no known cause of
infertility evidenced by available medical records, clinical history and laboratory data. They received

no supplementation.

Group 3: Thirty fertile women within the same age bracket, attending the Lagos Maternity Hospital
were randomly selected and served as the positive control group. They were included to establish the
fundamental relationship between the variables in fertile and infertile women within the

environment.

Inclusion Criteria

Subjects were recruited into the study if they fulfilled the following conditions:

e Age 35-50 years
¢ Normal level in LH, FSH, Prolactin and Estrogen
» No history of chronic myocardial infarction, liver disease and diabetes

+ Not on any antioxidant medication or supplement in the last six months

Exclusion Criteria

History of hysterectomy

* Women placed on hormone replacement therapy (HRT)

History and evidence of kidney and liver diseases

e Secondary Infertility

Sample Size Determination

N= 2SD? [Z+P]2/d? (Jaykaran and Biswas,2013)

N= number of samples required per group, SD = Standard deviation of the end point
Z = Confidence interval at 95%, which is 1.96

P= Statistical power at 80%, which is 0.84

d = difference between the mean measurements.
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For this study:

SD= 15 (assumed and acceptable SD for most laboratory measurements)

Z =1.96 (statistical value at a 5% error margin)

P= 0.84 (statistical table at 80% power)

d =15% (assume that a 15% reduction or increase in measurable analytes is considered clinically
significant)

Applying the formula: N= 2SD? [Z+P]?/d?

N=16

Considering 20% attrition (3.2), the minimum number of patients required for the study per group is
(16+ 3.2= app 20). A sample size of 30 subjects per group is required to achieve a generalizable

information
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intervention group (n=10) group (n=30)

Figure 1. Study Flow Chart (CONSORT)

Collection of Blood Samples

Five milliliter (5 mL) of venous blood was collected into a lithium heparin bottle. This was spun,

plasma harvested and stored at -20°C until ready for use.

Purchase of Supplement

Moringa oleifera (MO) supplement was purchased from Afe Babalola University, Ado Ekiti, Nigeria. The
University engages in massive production of MO capsules for commercial purposes. The capsules were
produced using the leaves of Moringa oleifera. The MO capsules were produced following current Good

Manufacturing Practice (GMP) and quality assurance. The company has Good Manufacturing Practice
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(GMP) certification from the National Agency for Food Drugs and Administration Control (NAFDAC).
The supplement produced at the company is registered with NAFDAC. The supplement was stored
under the recommended temperature throughout the duration of the study; and the storage

temperature was strictly monitored.

Supplement Dispensing and Accountability

Subjects were given packs of the supplement which would last them for four weeks as detailed in the
protocol. They were expected to take 2 g of the supplement daily in divided doses of 1 g in the morning
and 1 g in the evening after meal, respectively. They were advised to continue with their normal

lifestyle and should not take any other supplement other than the Moringa oleifera.

Follow UP

This study was conducted between November, 2019 and March, 2020 when Nigeria was confronted
with COVID-19 pandemic. Restrictions as a result of COVID-19 pandemic limited many of the study
participants from returning to the clinic for follow up. As a risk management approach, the study
Physician followed up all the subjects via phone call once every week to enquire about their
compliance with the intake of the supplement, adverse events and other health conditions.
Compliance was ascertained by requesting the subjects to count the number of supplements left in the
bottle dispensed to them during the follow-up visit for participants who returned to the clinic and for

those followed up via telephonic conversion respectively.

Laboratory Methods

Measurement of Malondialdehyde (MDA) was based on the method of Adam-Vizi and Seregi (1982).
The principle of the test is based on the reaction between 2-thiobarbituric acid (TBA) and MDA. On
heating in an acidic medium, a pink complex is formed which absorbs maximally at 532nm, the

absorbance being directly proportional to the concentration of MDA present in the sample.
Determination of Total Plasma Peroxide (TPP) was performed using the Fox-2 reagent as described
by Miyazawa, 1989, with minor modifications by Harma et al. (2003). The principle of the test is based

on the oxidation of ferrous ion (Fe2*) to ferric ion (Fe3*) by various types of peroxides contained
within the plasma samples to produce a colored ferric—xylenol orange complex whose absorbance was

measured at 560onm. The total plasma peroxide content of the sample was determined as a function of
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the difference in absorbance between the test tube and the blank tube using a solution of H,0, as the

standard (100mM-H,0,).

Lipid Hydroperoxide (LPO) was measured based on the method described by Nourooz-Zadeh et al.
(1995). The principle is based on the rapid peroxide-mediated oxidation of Fe?* to Fe3* under acidic
conditions. The latter, in the presence of Xylenol Orange, forms a Fe-Xylenol Orange complex which

was measured spectrophotometrically at 560 nm.

Determination of Total Antioxidant Capacity (TAC) was carried out using the Ferric Reducing

Antioxidant Powder (FRAP) reagent as described by Koracevic et al., (2001).

At low pH, the 2,4,6-tripyridyl-s-triazine (TPTZ) ferric complex is reduced to the ferrous form (which
has an intense-blue color). The color change can be monitored by measuring the change in absorbance
at 593nm. Any half reaction that has a lower redox potential under the reaction conditions than that of
the ferric—ferrous half reaction will drive the ferrous formation. The change in absorbance is therefore
directly related to the combined or total reducing power of the electron-donating antioxidants present

in the reaction mixture.

Total Glutathione was measured using the method described by (Anderson, 1985). The method is
based on the reaction of glutathione (GSH) with the thiol reagent DTNB (5,5'-dithiobis (2-
nitrobenzoic acid)) to form glutathione disulfide (GSSG) and TNB(5-thionitrobenzoic acid), which is
then detected spectrophotometrically at 412nm. Glutathione disulfide (GSSG) is the oxidized form of
glutathione. It is reduced to GSH in the presence of NADPH by the glutathione reductase (GR). The

glutathione peroxidase (GP) converts hydrogen peroxide to water.

The oxidative stress index (0SI), an indicator of the degree of oxidative stress, was calculated using
the method described by Harma et al. (2003). It was calculated from the values of TPP and TAC using

the formula (TPP/TAC x 100).

The estimation of the Glutathione Reductase Assay was as described by Teitze (1969). The assay is
based on the spectrophotometric determination of glutathione reductase activity by the increase in

absorption caused by the reduction of dithiobis (2-nitrobenzoic acid) (DTNB) at 412 nm.

Data Analysis

Statistical Package for the Social Sciences (SPSS) software version 21.0-compatible software was used

for the analysis of data. A Student t-test was used for comparison of variables. The significance level
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for variables was set at P<0.05. The data was expressed as the mean + standard deviation of the mean.

Results

The baseline data of markers of oxidative stress and antioxidants of both fertile and infertile women
are shown in Table 1. The mean levels of Total Plasma Peroxidase (TPP) and the Oxidative Stress Index
(OSI) were significantly higher in infertile women than in the fertile group (P< 0.05); and the mean
level of Glutathione Reductase (GR) was significantly lower in infertile women than the fertile group

(P< 0.05).

Table 2 shows the data of markers of oxidative stress and antioxidants for both infertile women and
infertile women post supplementation with MO. It was evident that the mean levels of markers of
oxidative stress were lower in infertile women supplemented with MO than those unsupplemented.
However, the difference in the mean was not significant (P>0.05). The mean level of all antioxidant
biomarkers was higher in the infertile women supplemented with MO than in the unsupplemented

group, but the difference in the mean was also not significant (P>0.05).

Parameters Infertile Women (n=30) Fertile Women (n=30) t-test p-value
MDA (uM/cm) 2.49 + 1.45 2.08 + 0.71 1.421 0.161
TPP (um/L) 69.14 + 31.42 4113 + 8.73 4.848 0.000*
LPO (um/L) 17.88 £ 9.28 17.15 + 3.97 0.409 0.684
0SI 11.16 £ 8.93 6.07 £ 2.31 3.112 0.003*
TAC (um/L) 724.02 + 217.09 731.68 + 187.79 0.240 0.811
GR (um/L) 168.97 + 70.36 290.78 + 60.53 -7.322 0.000%*
GSH (uM/L) 315.40 £ 67.74 316.22 £ 90.42 -0.040 0.968

Table 1. Comparison of baseline data between infertile and fertile women (n=60)

N = 60 *p<o0.05 (Significant).
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Parameters | Infertile women (n=30) | Infertile women post supplementation) (n=10) | t-test | p-value
MDA (uM/cm) 2.49 + 1.45 2.30 + 1.00 -0.330 | 0.743
TPP (um/L) 69.14 + 31.42 58.57 + 34.31 -1.656 | 0.106
LPO (um/L) 17.88 £ 9.28 15.71 + 10.91 -0.234 | 0.816
0SI 11.16 £ 8.93 9.12 + 8.62 -0.915 | 0.366
TAC (um/L) 724.02 + 217.09 736.13 + 253.02 0.096 | 0.924
GR (um/L) 168.97 + 70.36 196.90 + 54.84 -1.142 | 0.261
GSH (uM/L) 315.40 + 67.74 320.50 + 94.64 -0.186 | 0.853

Table 2. Comparison of data between group 1 (infertile women) and Group 2 (infertile women post

supplementation, N=40

N = 40, *p<o0.05 (i.e. Significant).

Discussion

Infertility, defined as the inability of couples to achieve reproduction after one year of uninterrupted
sexual intercourse has become a global health issue. Infertility is a complex problem, and various
factors have been implicated. The role of oxidative stress in the pathogenesis of various health
disorders including infertility has been reported; and the neutralization of oxidative stress might help

to improve pregnancy outcomes.

The findings from this study showed that the mean levels of markers of oxidative stress (MDA, TPP,
LPO, and OSI) were all higher in the infertile group than in the fertile group. However, only the mean
levels of TPP and OSI were statistically significant when compared with those of fertile women. On the
other hand, antioxidant biomarkers (TAC, GR, and GSH) were all higher in the fertile women than in

the infertile group. This observation adds credence that OS plays a significant role in female infertility.

The findings from this study are consistent with the study of Sara et al., (2015), who reported reduced
and higher levels of MDA and TAC in infertile and fertile women, respectively. However, the study of

Sara et al., (2015), reported a non-significant level in MDA among infertile women, but a significant
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level in TAC among the fertile group. The non-statistically significant levels reported in the plasma

levels of MDA and TAC in the study group could be due to the sample size used for the study.

Reactive oxygen species (ROS) impact female reproductive function, and antioxidants serve as
protective systems to the effects of oxidative stress. The role of plasma concentration of ROS in
folliculogenesis, maturation of oocytes, and normal uterine function has been established by a
previous study (Agarwal et al., 2008). Excessive production of free radical biomarkers has been
reported to affect the normal reproductive process (Agarwal et al., 2005). The increased level of the
biomarkers of oxidative stress reported in the infertile women in this study confirms that oxidative
stress plays a role in the reproductive process. Available evidence has confirmed the important
interplay between ROS and the antioxidant system in ovulation, fertilization, steroidogenesis, and

endometrial receptivity (Brzezinski, 1987; Ben et al., 2023)

In this study, after supplementing infertile women with MO, antioxidant biomarkers were higher in
the infertile women than in the control group, but the difference observed was not significant (P >
0.05). The lack of significance observed might be attributed to the small sample size used for the
analysis and the increased loss to follow up associated with the study. Restrictions as a result of
COVID-19 pandemic limited many of the study participants from returning to the clinic for follow up.
Furthermore, as a result of the economic challenges precipitated by COVID-19 pandemic, many
patients supplemented with MO were not able to return for post-supplementation sample collection.

This could account for the high loss to follow-up observed in this study.

Documented clinical data on the use of MO in infertile women is depleted; however, there is evidence
suggesting that the use of natural products as possible alternatives to conventional drugs in the
management of infertility might be beneficial (Seungjin et al., 2020). Natural products are constantly
being investigated to unravel their health benefits including their role in limiting oxidative stress and
enhancing the body’s antioxidant defense system. The leaf of Moringa oleifera, a well-consumed
herbal supplement, is rich in bioactive compounds, micronutrients, macronutrients, carbohydrates,
proteins, functional peptides, vitamins, minerals, and essential amino acids, as well as a number of
glycosides. The increase in the level of antioxidants observed in the infertile women supplemented
with MO could be attributed to the bioactive contents of MO. Furthermore, the flavonoids from the
Moringa oleifera leaf have been documented to increase the activities of superoxide dismutase,

catalase, and glutathione peroxidase and decreased the Malondialdehyde activity and intracellular
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accumulation of reactive oxygen species (ROS) (Ji et al., 2020). All these could result in a reduced

generation of free radicals with an increase in antioxidant biomarkers.

Conclusion

This study has shown that infertile women, when supplemented with Moringa oleifera, have varying
levels of oxidative stress and antioxidant biomarkers. Supplementation with Moringa oleifera in

infertile women could help in reducing the effects of OS among the studies group.

Recommendations and further study

Considering the mental and social consequences of infertility, integrating a non-invasive and
inexpensive method in the management of infertility with a view to achieving pregnancy among
infertile women could be very helpful. Premised on this, we recommend large population-based

clinical trials to generate more data.

Limitations of the study

One of the major limitations of this study is the high loss to follow-up precipitated by COVID-19

pandemic. This highlights the impact of public health epidemics on research processes.
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