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ABSTRACT  
 

 Aim: Infertility, due to the disruption of the normal fertility milieu by ubiquitous 

environmental pollutants and chemicals, is a major call for public concern. For instance, 
tubal factor infertility is attributed to damage to the Fallopian tube lining. Herbal remedy in 
treatment of infertility is associated with its rich antioxidants potential. Lawsonia 
inermis (Lythraceae) leaf is studied to report its role in protecting the tubal mucosa from 
environmental pollutants such as cadmium chloride to provide evidence on the effect of 
cadmium on tubal mucosa and potential antioxidant role of Lawsonia inermis leaf extract 
(200mg/kg) to avert tubal factor infertility by evaluating changes in the histo-morphology of 
the tubal mucosa, biomarkers for oxidative stress and antioxidant enzymes 
Methodology:Twenty (20) adult female Wistar rats of four (4) groups (n=5) used were 
divided into control, cadmium (2mg/kg), 200mg/kg Lawsonia inermis leaf extract, and 200 
mg/kg Lawsonia inermis leaf extract treated cadmium-induced infertility model. The excised 
Fallopian tubes were processed, stained using Haematoxylin and Eosin, and Periodic Acid 
Schiff (PAS) in addition to spectrophotometric analysis for serum level of catalase (CAT) and 
malondialdehyde (MDA).  
Results: Results indicate that cadmium caused distortions in the tubal mucosa, loss of 
mucin granules, elevation of lipid peroxidation marked by MDA and a decline in antioxidant 
enzyme- CAT activity. These aforementioned characteristics were reversed in the Lawsonia 
inermis leaf-treated infertility model attributed to an elevation in CAT that attenuated lipid 
peroxidation and  oxidative damage in the tubal mucosal.  
Conclusion: Lawsonia inermis averts the disruption of the tubal mucosa lining  
demonstrating its role to protect the tubal epithelial mucosa from toxin damage and  tubal 
factor infertility. 
Key words: Lawsonia inermis, infertility, mucin granules, malondialdehyde, catalase, 
cadmium, oxidative damage  

 
 
 

 

1. INTRODUCTION  
 
Infertility was defined according to WHO (World Health Organization) as a disease 
of the reproductive system which makes a woman unable to carry pregnancy to full 
term [1]. Epidemiological studies show that the average prevalence of infertility in 
the world is 10% [2] and Africa has the highest prevalence of infertility [3]. A number 
of heavy metal such as cadmium and lead are mostly studied for their potential in 
altering hormonal activity resulting in fertility problems [4]. They are described as 
toxins that acts by modulating endocrine activities in the female reproductive 
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system, however there are limited studies on the mechanism involved through which 
these metals induced various types of infertility in females [4-6]. However there are 
a some report explain the etiology of cadmium induced infertility to be characterized 
by alteration in ovulation, hormonal imbalance, and fertilization milieu [2.7].  
Disruptions in female reproductive functions may lead to infertility, improper 
hormone production, estrous or menstrual cycle abnormalities, anovulation, and 
early reproductive ageing [8].  Traditional measures have been used to improve 
fertility rate [9,10]. Herbs have been proven to increase the fertility index in females 
due to phytochemicals content with strong antioxidant potentials, examples of such 
pro-fertility herbs include; red raspberry helps to reduce excessive bleeding and 
strengthens uterus, trifoliumpratense (red clover blossoms) and Nettles 
(urticadioica)  maintains hormonal balance [9]. Lawsonia Inermis is a flowering plant 
and the sole species of the Lawsonia genus [11,12] and its medicinal properties 
include anti-inflammatory [13], ameliorative, antioxidant, antibacterial, among others 
[14,15]. The phytochemical screening on the dry leaves of Lawsonia Inermis 
revealed that it has about  0.5-1.5% lawsone aside from phenolic glycosides 
alkaloids, anthocyanins, phenols, sterols, xanthoproteins, flavonoids, tannins,  
quinones,  glycosides and saponins [15]  Infertility is a public concern because of 
human daily exposure to environmental pollutants or toxins that distort the normal 
fertility process resulting in reproductive disorders such as tubal factor infertility 
attributed to damage to the fallopian tube mucosal lining or ciliary activity that 
hinders propulsion of egg cells.  Lawsonia inermis (Lythraceae) leaf is studied to 
report its role in protecting the tubal mucosa from cadmium induced  tubal factor 
infertility by evaluating changes in tubal mucosa, mucin/glycogen granules, mucosal 
folds, antioxidant enzyme status and lipid peroxidation activity. 
 

2. MATERIAL AND METHODS 
2.1 Experimental animals: 
Twenty (20) adult female Wistar rats with average weight of about 150g procured 
from the National Veterinary Research Institution (NVRI), Vom, Jos Plateau State, 
Nigeria and housed in the animal folding facility of the Department of Anatomy 
Bingham University Karu, Nasarawa State were used for this study. They were 
housed in well aerated metallic cages and acclimatized for two weeks, maintained at 
standard laboratory condition of 12-12h photoperiodicity, room temperature before 
the experiment commenced while being fed with water and pelleted rat feed (Vital 
feeds, Nasarawa, Nigeria) ad libitum.  The animal care and use procedures in the 
research were performed in accordance with the Ethics Committee  of the National 
Research Centre and the recommendations of the National Institutes of Health’s 
Guide for Care and Use of Laboratory Animals [16]. 
 
2.2 Collection of the Lawsonia Inermis Leaves: The fresh Lawsonia Inermis 
leaves were harvested from Kastina-ala local government area in Benue State, 
Nigeria. The leaves were authenticated by a botanist in Ahmadu Bello University, 
Zaria, Kaduna State, Nigeria where voucher specimen number (900270) was 
cataloged in the herbarium. 
 
2.3 Preparation of the Lawsonia Inermis Leaves:  The collected Lawsonia 
Inermis leaves were air- dried as described by Sulaiman et al., [17] in a clean open 
space at room temperature until completely dried. The dried leaves were checked to 
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remove any dirt before putting it in a blender (Electric blender,Philips) to get its fine 
powdered form thereafter stored in a dried air-tight bottled and kept in a clean 
cabinet [18]. 
 
2.4 Preparation of Aqueous Extract of Lawsonia Inermis Leaves: The aqueous 
extract of Lawsonia Inermis leaves was extracted using the method described by 
Handa et al., [19]. The extraction was done using maceration method which 
involved soaking its powdered form in water (solvent) at room temperature for a 
period of time [19]. The process is intended to soften and break the leaves’ cell wall 
to release the soluble phytochemicals. Thereafter, the mixture was drained by 
filtration using a filter paper [18].  A total of 1800mg of the blended Lawsonia Inermis 
leaf powder was measured and soaked in distilled water for 48hrs. 
 
2.5 Chemical of Study and Dose of administration: Cadmium Chloride was 
obtained from Sigma-Aldrich (St. Louis, MO, USA) and dose of study was taken to 
be 2mg/kg per body weight according to previous study [20,21] and given orally for 
a period of 4 days. 
 
2.6 Study dose of aqueous extract of Lawsonia Inermis Leaves:  The study 
dose is 200mg/kg/day as demonstrated by  Sravanthi et al., [22] and given orally for 
14 days.  
 
2.7 Experimental Animal grouping  
Group A: the control group given water, feed ad libtum  
Group B: the infertility model due to administration of oral 2mg/kg/day of Cadmium   
Group C:  given oral 200mg/kg/day of Lawsonia Inermis leaves 
Group D: pretreated with oral 2mg/kg/day of Cadmium for 4 days then post-treated 
with  200mg/kg/day  Lawsonia Inermis leaves for 14 days. 
 
2.8 Experimental design and protocol 
 

 
Figure 1: Illustration of experimental design for cadmium induction (infertility model) 
and Lawsonia inermis treatment . This shows the experimental designed illustrating 
a  four (4) days pretreatment with 2mg/kg of cadmium (serves as the infertility 
model) group B, followed by the two groups which were respectively treated with 
200mg/kg of Lawsonia inermis  (Group B) and the 200mg/kg Lawsonia inermis post 
treated Cadmium induced infertility. 
 
Duration of study:  nineteen days (19 days) 
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2.9 Collection of Blood and preservation of Serum for biochemical analysis: 
Blood samples, collected through cardiac puncture using a 5ml syringe, were 
transferred into labeled plain specimen bottles. Serum was obtained by centrifuging 
the blood at 3,000 revolutions for 15 minutes.  The serum was aliquoted and 
transferred into labeled sample containers placed on ice ready for 
spectrophotometric biochemical enzyme analysis using commercial test kits 
specified for each enzymes: catalase (CAT) and malondialdehyde (MDA) using 
catalase spectrophotometeric test kit (ab83464) and malondialdehyde ELISA Kit 
(ab287797) [23,24] 
 
2.10 Experimental animal euthanasia and Fallopian tube collection: Twenty-
four hours after the last dose administration the animals were euthanized, incision 
made in the lower abdominal region to expose the muscles and locate the Fallopian 
tubes. The excised Fallopian tubes were rapidly transferred into 10% formol saline 
for preservation, automated tissue processing and histological examination using 
Haematoxylin and Eosin (H and E)  and Periodic Acid Schiff stain [23,25]. 
 
2.11 Catalase (CAT)  Analysis:  The difference in absorbance (ΔE240) per unit time 
is measure of catalase activity taken on UV spectrophotometer at 520nm for 
3minutes.  
 
2,12 Estimation of Lipid Peroxidation: Lipid peroxidation was determined by 
measuring the thiobarbituric acid reactive substances (TBARS) produced during 
lipid peroxidation.This method is based on the reaction between 2-thiobarbituric acid 
(TBA) and malondialdehyde (end product of lipid peroxide during peroxidation).  
Lipid peroxidation was estimated according to the method of Memudu et al., (2020)  
determined by measuring thiobarbituric acid-reactive species, at peak of 
absorbance at 532 nm [23.24]. 
 
2,13 Histological  processing and staining of the Fallopian tube: The tissues 
were processed according to method described by Memudu and Olutayo, (2021) 
method. The steps involved in tissue processing includes fixation, dehydration, 
clearing, infiltration, embedding, blocking, sectioning, sectioning, and staining. The 
tissues were fixed in 10% formal saline, and then transferred to a graded series of 
ethanol (50%, 70%, 90%, and absolute alcohol), then cleared in xylene. Once 
cleared, the tissues were infiltrated in molten paraffin wax in the oven at 58˚C, then 
in three  (3) changes of molten paraffin wax at one- hour intervals. Thereafter the 
tissues were embedded in parrafin wax using a Leica embedding machine to form 
the tissue blocks. Leica rotarory microtome set at 5 micron was used to section the 
block, and thin film of tissues sections were fixed on clean slides and later stained 
with Haematoxylin and Eosin (H and E), and Periodic Acid Schiff  (PAS) stains 
[24,25]. Histochemical staining was done to demonstrate  mucin  granules of the 
epithelial cells’ basement membrane (basal lamina) and glycogen granules using 
Periodic Acid Schiff (PAS) reaction. (Memudu and   Dongo 2023).  
2.14 Tissue Photomicrography:  Photomicrographs of sections of the Fallopian 
tissue were captured using  a digital camera (Amscope Inc., Irvine, CA, USA)  
attached to an Olympus binocular light microscope (Olympus Tokyo, Japan). 

https://www.abcam.com/products/elisa/malondialdehyde-elisa-kit-ab287797.html
https://www.abcam.com/products/elisa/malondialdehyde-elisa-kit-ab287797.html
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2.15 Statistical Analysis: All data were statistically evaluated using one – way 
ANOVA (Analysis of Variance) on SPSS/17.0 software (SPSS Inc, Chicago, USA) 
and the data were presented as mean ± standard Deviation (SD). Student’s t-tests 
were used for all paired comparisons and one-way ANOVA was used for all multiple 
comparisons followed by the post-hoc Tukey test. Statistics were significant when p-
values were lower than 0.05 and significant effects are indicated by asterisks (*p < 
0.05) 
 
 

3. RESULTS  
3.1 Lawsonia inermis leaf extract improves CAT antioxidant enzyme level 
which in turns attenuates lipid peroxidation: Lawsonia inermis  leaf extract (C) 
caused a marked increase in antioxidant enzyme CAT level when compared with 
the control, cadmium treated and the Lawsonia inermis leaf extract treated cadmium 
induced infertility model at P<0.05 (C* vs A,B,and D). However when comparing 
Lawsonia inermis  treated cadmium induced infertility model with the cadmium 
treated group, it was observed that there was a marked decline in CAT activity in 
cadmium treated group  as compared to the increased CAT level in the  Lawsonia 
inermis treated cadmium induced infertility. Lipid peroxidation occur due to 
disruption of the cellular lipid membrane layer  resulting in an increase in serum 
MDA concentration. In this study, cadmium induced infertility (B) had an increase in 
MDA activity when compared to other study group at p<0.05 (Fig 2), however this 
increase was attenuated following treatment with aqueous leaf extract of Lawsonia 
inermis.  

 
Figure 2:  Graphical representation of serum catalase (CAT) and malondialdehyde 
(MDA) activity following administration of cadmium and aqueous leaf extracts of 
Lawsonia inermis Legend A= control, B= cadmium C- Lawsonia inermis and D= 
Lawsonia inermis treated cadmium induced infertility. CAT activity (A* vs B; D* vs B; 
C* vs B @ P<0.05 ).  MDA activity (A* vs B; B* vs C; vs D  @ p<0.05). 
 

3.2 Lawsonia inermis leaf extract averts disruption of the mucosal folds 

and loss of mucin/glycogen  granules in the epithelial lining of the  Fallopian 
tube amidst cadmium assault:   This study, demonstrates histomorphological and 
histochemical changes in the tubal epithelium following cadmium intoxication and 
treatment with aqueous leaf extracts of Lawsonia inermis. Histological stain  using 
Haematoxylin and Eosin (H and E) stain  (Fig 3-A1-D1 at magnification of x4 while 
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Fig 3 (A2-D2) at magnification of x40 shows the appearance of the tubal mucosa 
simple columnar epithelium, underlying basal lamina, stroma cells and the  
basement  membrane. The control group (A) has well stained epithelium with 
presence of mucosal folds and normal mucosal epithelium when compared with the 
cadmium  treatment group (B) having sloughed off mucosal folds. The aqueous 
Lawsonia inermis leaf extract treatment group  (C) and the infertility model treated 
with the Lawsonia inermis leaf extract (D) demonstrate preservation  and gradual 
restoration of perturbed mucosal epithelial folds respectively. Figure 4 (A-D) 
demonstrates Periodic Acid Schiff  (PAS) stain for mucin / glycogen granules. The 
PAS stain in the control group depicts the reddish purple or magenta coloration for 
being positive to  glycogen or mucin granules in the epithelial mucosa basal lamina. 
The cadmium treated group has their mucosa epithelium vaguely or poorly stained 
to PAS as seen in the yellow arrows in addition to the presence of pericellular 
spaces within the epithelial cells of the tubal mucosa these pathological features 
were not seen in the mucosal of the experimental animals given the Lawsonia 
inermis aqueous leaf extract (C and D). The cadmium induced and post treated with 
aqueous leaf extracts of Lawsonia inermis depicts presence of moderate reaction to 
PAS as compared to the cadmium treated group (B).  

 
Figure 3:  Photomicrograph of a transverse section of the Fallopian tubes of adult 
female Wistar rats stained using Haematoxylin and Eosin Stain. Magnification x10  
(A1-D1) and Magnification of x40 (A2-D2). Legend A= control, B= cadmium C- 
Lawsonia inermis and  D= Lawsonia inermis treated cadmium induced infertility. 
Dark arrows and red boxes: mucosal folds, blue arrows: ruptured mucosa folds, 
black cross: Fallopian tube lumen. 
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Figure 4:  Photomicrograph of the transverse  section of the Fallopian tube of adult 
female Wistar rats stained using Periodic Acid Schiff (PAS) stain Magnification of 
x40 Legend A= control, B= Cadmium C- Lawsonia inermis, and  D- Lawsonia 
inermis treated cadmium induced infertility. Dark arrows- mucosal folds, Yellow 
arrows- poorly ruptured mucosa folds poorly stained for mucin/glycogengranules 
with marked vacuolations in the epithelial fold columnar cells. 
  
 
 

4. DISCUSSION 

Infertility has become global health issue due to the inability of couples to  conceive 
after  a year or more of regular unprotected intercourse [26]. There are various 
factors in female infertility one of which is the tubal factor risk in female infertility 
which accounts for 30%-40% of a woman’s fertility attributed to disruption in the 
normal mucosa lining of the Fallopian tubes as a result of inflammation [27]. 
Scientific studies to provide therapeutics against female infertility using herbal 
remedies have gained a lot of popularity over the years owing to their potent diverse 
phytochemicals such as alkaloids, flavonoids, and essential oils with strong 
antioxidant properties [26]. The etiology of female infertility is complex as it involves 
various factor attributed to inflammation and oxidative tissue damage [28]. Cadmium 
has been reported to induced female infertility hence, mostly used to model female 
infertility due to its ability to disrupt  endocrine activities [29] by disrupting chemicals 
properties for hormone synthesis, secretion, and signaling  [30]. Cadmium is an 
ubiquitous metal [31] that is found in drinking water,  food, soils, and air [32]..  
Lawsonia inermis is an important plant in ayurvedic or natural herbal medicines 
attributed to its phytoconstituents with antioxidant and anti-inflammatory activities to 
avert oxidative stress mediated tissue damage [33,34]. This present study  is to 
assess antioxidant and pro-fertility  role of  aqueous leaf extract of  Lawsonia 
inermis on cadmium induces  disruption of Fallopian tube by evaluating changes in 
tubal mucosa,  mucin granules,  antioxidant enzyme status and lipid peroxidation 
activity. Oxidative stress (OS), due to imbalance between the formation of reactive 
oxygen species (ROS) and antioxidant defenses is implicated in the 
pathophysiology of female infertility mediated by cadmium through lipid peroxidation,  
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DNA damage and mitochondrial dysfunction [35,36].  Lipid peroxidation,  causes a  
weaken cell membrane and functions of the cells in the female reproductive organ, 
mediated by proinflammatory cytokines formation alters mitochondrial function  
resulting in a decline in energy production with a corresponding increase in ROS 
and lipid peroxidation [37,38]. The concentration of malondialdehyde (MDA) in the 
serum is  an index of lipid peroxidation. Cadmium treatment caused an increase in 
MDA level. A number of reports has hinted that cadmium potentiates oxidative 
stress and lipid peroxidation in tissue marked by elevation in MDA activity [39-
41].This present study shows that cadmium increased lipid peroxidation seen in the 
elevation of MDA activity when compared with the control group while declining the 
production of antioxidant CAT. The decline in antioxidant enzyme due to cadmium 
intoxication is attributed to the depletion in antioxidant enzyme synthesized to 
combat the raging free radicals attacking the cells while disrupting cellular integrity 
to produce endogenous antioxidants. Cadmium mediated decline in CAT correlates 
with Ruslee  et al., [42]; Maretta and Marettová, [43]. Ruslee et al., [42] 
demonstrated  that cadmium induced oxidative stress with an increase in  lipid 
peroxidation product, malondialdehyde (MDA) along with decreased levels of  
antioxidant enzyme, catalase. This present research shows that aqueous leaf 
extract of Lawsonia inermis  caused a marked increase in CAT activity while 
decreasing the production of MDA implying a decline in  reactive oxygen species 
(ROS)  release from tissues due to oxidative tissue damage in response to 
inflammation. The potential of Lawsonia inermis  leaf to averts lipid peroxidation 
while improving antioxidant enzyme synthesis is attributed to its property as a herbal 
medicinal plant with antioxidant and anti-inflammatory functions [44]. According 
to  Massanyi et al.,[45] cadmium mediate tubal factor infertility by influencing the 
normal appearance of the oviduct lining, perturbs the normal secretion of 
progesterone from the ovary resulting in dysfunctional oviduct epithelial cell 
transportation of oocytes and secretion in the lining that aid sperm fertilization of the 
oocytes [46]. This present study demonstrates changes in the mucin granules and 
histological appearance of the Fallopian tubes using PAS for mucin/ glycogen 
granules  which indicates that cadmium caused  distortion in the oviduct epithelial 
lining with loss of connective tissue integrity and mucin granules this supports 
reports on cadmium’s ability to potentiate disruption of the columnar ciliated and 
secretory cells of the oviduct as well as the lamina propria membrane integrity of the 
epithelium resulting in loss of thickness and mucosa folds [47,48]. A study by 
Massányi, et al., [45,49] on rabbits oviduct showed that cadmium induced 
degeneration of the epithelium. Cadmium induced degeneration of Fallopian tube 
epithelium via oxidative tissue damage is associated with disruption of nuclear 
chromatin of the epithelial cells [45]. In this present study, we observed that 
cadmium caused the rupture of the tubal mucosal folds in the Fallopian tubes, 
perturbed the stroma and mucin granules. Lawsonia inermis leaf extract treated 
infertility model had a marked regeneration of the epithelial cells and protection of 
the mucosal folds. PAS is an histochemical stained for glycogen, acidic and neutral 
mucins [23,50-51]. Cell-associated mucins shield the epithelial surface from 
pathogens through their extracellular domains and regulate intracellular signaling 
through their cytoplasmic regions [Lillehoj et al., [52]. Glycosaminoglycan particles 
and mucins secreted by endometrial mucosal cells helps to protect the micro-
environment of the Fallopian tubes for fertilization and oocytes survival [53]. Mucins 
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are fluidity gel on the surfaces of the secretory epithelium and  helps to defend 
against harmful substances from the outside environment [54], aid hydration, 
lubrication, transport, and protection to the mucosa  [55] and also stimulation of 
protective mechanisms, including promoting cell survival through their involvement 
in cell signaling regulating the processes of oocytes transport, implantation and 
maintaining pregnancy [56] Endometrial glycogen concentrations correlates with 
fertility  indicating that glycogen is an essential source of glucose for maintaining 
oocytes and implantation [57]. Cadmium can deplete cellular level of glycogen 
[58,59]. This depletion of glycogen storage or mucin positive cells in the tubal 
mucosa of experimental animals treated with 2mg/kg of cadmium supports report by 
Pawar, [59], however it is important to mention that glycogen are rapidly utilized in 
reproductive tract in normal condition. According to Li, et al., (60) glycogen 
metabolism and storage in the Fallopian tubes  is interlinked to the activation of the 
Wnt signaling  pathway (a transduction mechanism) where he observed the 
presence of few cells in the epithelium and connective tissue with few glycogen 
stored in the cells. However  the inflamed Fallopian tissue  had a dramatic increase 
in PAS cells in the tubal epithelium and muscularis mucosae. The Lawsonia inermis 
leaves extract treated group were positive to the presence of glycogen and mucin 
on the surfaces of the tubal mucosal epithelium.  There is paucity of information on 
the effects of Lawsonia inermis leaves on mucin and glycogen granules in the 
Fallopian tube. However from this present study one can document that PAS stain 
reveals that Lawsonia inermis leaves helps to moderately preserve glycogen store 
and ensure synthesis and release of mucin granules on the apical surface of the  
tubal mucosal.  This present study demonstrates that Lawsonia inermis leaves can 
avert cadmium induced tubal factor disruption of fertility index through its potent 
antioxidant and anti-inflammatory ability to boost CAT antioxidant level, anti-
inflammatory response to avert the distortion of the integrity of the tubal mucosal 
epithelial cell membrane,  glycogen, secretion of  mucin granules required to 
maintain the tubal mucosa milieu for oocytes transport and survival while mobbing 
off free radicals that can alter oocytes survival and transport.  

5. CONCLUSION 
Lawsonia inermis aqueous leaf extract demonstrates its notable antioxidant 
potential against cadmium induced tubal mucosal lining disruption by reducing lipid 
peroxidation (oxidative tissue damage) in the tubal epithelial mucosa. 
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