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Cadmium (Cd), an abundant heavy metal which is continually released into the 

environment by human economic activities, causes severe health damages. Humans and 

animals are mainly exposed to this toxic metal through occupation, diet, respiration, 

smoking, and water. Various studies on female rats have revealed that Cd accumulates 

in the female reproductive tract with a considerably quite long biological half-life and 

causes reproductive dysfunctions. The edible bird’s nest (EBN) is made from the 

salivary secretions of male swiftlet birds (Aerodramus fuciphagus and Aerodramus 
maximus). EBN is traditionally consumed for its medicinal and nutritional values. As of 

today, no prior studies have detailed out the effects of EBN on Cd-mediated reproductive 

toxicity in female animals. Therefore, this study was designed to investigate EBN’s 

ameliorating role against Cd toxicity induced reproductive dysfunction in cycling female 

rats. 

 

 

Thirty (30) female Sprague Dawley rats were assigned into five groups as follows: group 

1, control (C) received distill water; treatment group 2 (T0) was administered with CdCl2 

(5mg/kg BW); while group 3 (T1), group 4 (T2) and group 5 (T3) were administered with 

CdCl2 (5mg/kg BW) and graded concentrations of 60, 90 and 120 mg/kg BW of EBN via 

oral gavage respectively. After four weeks of the challenge, the experimental rats were 
euthanised under general anesthesia for blood and Uterine and Ovarian tissue sample 

collection. Histomorphometric analysis of the tissues were employed using H&E staining, 

while assessment of expressions of metallothionein (MT), vascular endothelial growth 

factor (VEGF), epidermal growth factor (EGF) and epidermal growth factor receptor 

(EGFR) were assessed by using Immunohistochemistry and measurement of plasma levels 

of estradiol (E2) and progesterone (P4) were done by using ELISA, Cd levels in uterine and 

ovarian tissues were assessed through ICP-MS.  
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Oral administration of cadmium chloride (CdCl2) without EBN supplement (T0) resulted 

in significantly (p<0.05) higher accumulation of Cd (238.9 ± 23.7, 237.9 ± 37.3 ppb) in 

uterine and ovarian tissues respectively compared with the group C (3.3 ± 0.5, 4.2 ± 0.4) 

and other treatment groups (T1: 125.4 ± 16.1, 99.2 ± 5.9; T2: 89.3 ± 15.6, 84.8 ± 6.0; 

T3: 65.7 ± 12.0, 41.3 ± 3.6 ppb). The deposition of Cd in both tissues appeared to 

decrease with EBN supplement in a dose dependent manner. Meanwhile, increased 
immunohistochemical expressions of MT in uterine and ovarian tissues as assessed by 

number of positive stained cells was found in T0 compared to the C and other treatment 

groups (Uterus= C: 55 ± 2; T0: 109.3 ± 2.1; T1: 87 ± 2.5; T2: 78.3 ± 2.0; T3: 62.3 ± 0.8; 

Ovaries= C: 0.3 ± 0.3; T0: 3.0 ± 3.0; T1: 1.3 ± 0.3, T2: 0.6 ± 0.3, T3: 0.3 ± 0.3, staining 

intensity, p<0.05). On the other hand, a significant decrease (p<0.05) in the activity of 

superoxide dismutase (SOD, µ/mL) in T0 (0.0783± 0.0017) compared with the C (0.180 

± 0.001) and EBN supplemented groups (T1: 0.1 ± 0.0013; T2: 0.1 ± 0.0016; T3: 0.1 ± 

0.0021) were found. There was a significantly (p<0.05) evident increase in thiobarbituric 

acid reactive substance (TBARS) levels in Cd only treated group as compared with 

negative control and EBN supplemented groups (C: 30.98 ± 2.7; T0: 35.8 ± 3.09; T1: 

33.8± 2.18; T2: 25.85 ± 3.7; T3: 23.4 ± 3.7, nmol/mL). Moreover, the Cd only treated 

group revealed uterine histopathological changes which include cystic glands, loss of 
normal structure of luminal epithelium (LE) and glandular epithelium (LE) cells. While 

animals treated with Cd and EBN resulted in a significantly low level (p<0.05) of Cd in 

uterus and ovaries and lower uterine MT expression, lower degenerative changes of the 

LE and GE cells with normal histomorphology of glands as well as increased antioxidant 

SOD activity compared to Cd only treated group. Animals administered with only Cd 

resulted in decreased immunohistochemical expressions of VEGF (C: 86.33± 1.5; T0: 

84.66± 3.17; T1: 108.3± 4.3; T2: 122.66± 4.9; T3: 132 ± 4.58, no of deterred cel +ve 

stained cells, p<0.05) , EGF (C: 80.66± 3.5; T0: 73 ± 2.64; T1: 93.33 ± 2.7; T2: 115.33 

± 2.33; T3: 121 ± 3, no of +ve stained cells, p<0.05) and EGFR (C: 96.33± 3.2; T0: 67.8 

± 0.98; T1: 108.33± 4.37; T2: 122.66 ± 4.91; T3: 141.3 ± 3.28, no of positive stained 

cells, p<0.05) in uterine tissues.. While animals treated with CdCl2 and EBN at three 
different dosages resulted in higher VEGF, EGF and EGFR expressions compared to Cd 

only treated group. The higher degree expressions for the growth factors (VEGF, EGF, 

EGFR) in the EBN supplemented groups compared to even the untreated control group 

reflects the strong ameliorating effect of EBN that surpasses the toxic effect of Cd 

exposure. The respective plasma concentrations of E2 and P4 (ng/L) in all treated groups 

(T0: 3.8± 0.1, 2.8± 0.1; T1: 4.5± 0.3, 4.5± 0.2; T2: 5.6± 0.1, 5.6± 0.2; T3: 7.0 ± 0.3, 6.1± 

0.3) decreased significantly (p<0.05) in comparison with the control (C: 9.8± 0.3, 6.7± 

0.3). Concentrations of E2 was significantly higher (p<0.05) in T3 as compared to other 

treated groups. Plasma P4 concentration decreased significantly in T0 as compared to 

control. The plasma P4 concentration in all EBN treated groups was significantly 

increased compared with the Cd-only group; with T3 showing a significantly higher 

(p<0.05) concentration. Meanwhile, CdCl2 found to have no significant impact on the 
estrous cycle length (4-5 days) across experimental groups; cells from vaginal smear 

showed normal morphology.  

 

 

Overall, the findings of this study revealed that oral exposure to Cd at a dose of 5 mg/kg 

BW results in significant alterations in the uterus and ovaries as evidenced by high Cd 

levels in these tissues and higher degree (p<0.05) of MT expression along with reduced 

antioxidant activity and histomorphological changes. Meanwhile, EBN proved to play a 

significant protective role against Cd-induced reproductive toxicity; the protection was 
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higher at the dose rate of 120mg/kg. The low level of Cd deposition paralleled with 

reduced degree of MT expressions found in both the uterine and ovarian tissues of EBN 

supplemented groups that lead to an interesting conclusion of EBN’s potential role as a 

chelating agent for Cd, though its mechanism is something to be explored in future. In 

general, this study suggests that EBN has an ameliorating effect against Cd-induced 

reproductive toxicity. It protects and improves functions of the uterus and ovaries through 
its potent antioxidant activity, enhancing expressions of growth factors (EGF, EGFR, and 

VEGF), prevention of Cd deposition along with a rise in plasma levels of E2 and P4.   

 

 

Keywords: Edible bird nest, Cadmium toxicity, Uterus, Ovaries, Growth factors, 

Oxidative stress, steroid hormones. 
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Kadmium (Cd), merupakan logam berat yang amat banyak dilepaskan secara berterusan 

ke alam sekitar melalui aktviti manusia mengakibatkan kemudaratan yang teruk. 

Manusia dan haiwan sellau terdedah kepada logam toksik ini melalui pekerjaan, 

pemakanan, pernafasan, merokok dan air. Banyak kajian pada tikus betina menunjukkan 

bahawa pengumpulan Cd dengan jangka hayat panjang pada trakus pembiakan tikus 

betina dan membawa kepada disfungsi pembiakan. Sarang burung boleh makan (EBN) 

dihasilkan dari rembesan air liur burng walit jantan (Aerodramus fuciphagus dan 
Aerodramus maximus). Secara tradisi, EBN diambil kerana nilai perubatan dan 

pemakanannya. Sehingga kini, tiada ujian sebelum ini memperincikan kesan EBN 

terhadap ketoksikan berantara-Cd pada haiwan betina. Dengan itu kajian ini direka untuk 

menyiasat peranan pemulihan EBN terhadap aruhan ketoksikan Cd pada disfungsi 

pembiakan tikus betina utuh. 

 

 

Sebanyak tiga puluh ekor (30) tikus betina Sprague Dawley diasingkan kepada lima 

kumpulan seperti berikut: C, T0 yang masing-masing menerima secara gavaj oral air 

suling, CdCl2 (5mg/kg BW). Selain dari menerima CdCl2 (5mg/kg BW), penambahan 

EBN sebanyak 60, 90 and 120 mg/kg BW masing-masing kepada kumpulan T1, T2 dan 

T3. Empat minggu pasca-cabaran, kesemua tikus dieutanasia sebelum darah, uterus dan 
ovari diambil. Analisis histomorfometri sampel tisu menggunakan pewarna H&E, 

penilaian penyertaan imunohistokimia  metalothionein (MT), faktor pertumbuhan 

endothelium vesel (VEGF), pertumbuhan epidermis (EGF) and reseptor pertumbuhan 

epidermis (EGFR), pengukuran aras estradiol (E2) plasma dan progesteron (P4) 

menggunakan ELISA selain kepekatan Cd dalam uterus and ovari secara ICP-MS. 
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Pemberian CdCl2 tanpa penambahan EBN (T0) mengakibatkan pengumpulan tertinggi 

Cd, pernyataan MT, aras TBARS serta lesi (p<0.05) pada uterus dan ovari berbanding 

kumpulan lain. Pemendapan Cd dan pernyataan MT dalam kedua tisu berpola menurun 

menurut dos dengan penambahan EBN. Bagaimanapun, aras aktiviti superoksida 

dismutase (SOD, µ/mL)serta pernyataan VEGF, EGF, EGFR adalah terendah pada 

kumpulan T0. Pernyataan tinggi VEGF, EGF, EGFR pada kumpulan penambahan EBN 
menandakan kesan positif EBN mengurangkan kesan toksik pendedahan kepada Cd. 

Kepekatan E2 and P4 pada kesemua kumpulan rawatan adalah terendah (p<0.05) 

berbanding kumpulan C. Bagaimanapun, kepekatan E2 pada kumpulan T3 adalah lebih 

tinggi (p<0.05) daripada kumpulan T0, T1 dan T2. Kepekatan plasma P4 pada kumpulan 

T0 lebih rendah (p<0.05) dari kumpulan C kecuali kesemua kumpulan penerima EBN 

yang lebh tinggi dari kumpulan T0. Adalah didapati bahawa Cd tiada mempunyai kesan 

ketara terhadap sela kitaran estrus (4-5 days) pada kesemua kumpulan dengan calitan 

morfologi vagina yang normal. 

 

 

Secara am, pendedahan kepada Cd pada dos 5 mg/kg BW menyebabkan kesan ketara pada 

uterus and ovari yang dapat diperbaiki dengan pemberian EBN. Dengan itu, EBN 
berupaya berperanan sebagai agen pengkelat Cd yang memerlukan kajian lanjut bagi 

menerangkan mekanismenya. Ia juga melindungi dan meningkatkan fungsi uterus dan 

ovari melalui aktiviti antipengoksid, memudahkan pernyataan EGF, EGFR dan VEGF 

serta melindungi tisu dari pemendapan Cd dan meningkatkan aras plasma E2 dan P4.   

 

 

Kata Kunci: Sarang burung boleh makan, Kadmium, Uterus, Ovari, faktor pertumbuhan, 

tekanan oksidatif  
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1 

CHAPTER 1 

1 INTRODUCTION 

1.1 Overview 

In recent decades, a great deal of attention has been given to the biochemical functions 

of natural substances in biological systems (Brzóska et al., 2016). Various plant and 

animal origin compounds are reported to play a protective role against heavy metal 

toxicity (Dailiah & Padmalatha, 2012). Edible bird’s nest (EBN), the nest made from the 

salivary secretions of swiftlet bird, has been consumed as a tonic or healthy food for 

decades. The major source of swiftlets is found in Indonesia, while Malaysia's Sarawak 

and Sabah provinces are the second-largest swiftlet contributors (L. S. Chua & Zukefli, 
2016). The species found in Malaysia are Hydrochus gigas, Collocalia esculent, 

Cypsiurus balasiensis (American Swift Palm), Aerodramus. maximus, and Aerodramus. 

fuciphagus (Jamaluddin et al., 2019a). A. maximus and A. fuciphagus are harvested on a 

large scale for trade and commercial purposes, particularly during the breeding season 

that is reported from the month of November to March (Ma & Liu, 2012).  

EBN has been reported to have a wide range of medicinal benefits including, enhancing 

the immune system, complexion, and stimulating epidermal growth and improving 

respiratory problems, inhibiting viral infections, and inhibition of apoptosis (Yew et al., 

2014; Dai et al., 2020). The fermentation of EBN glycan and glycopeptide has 

contributed several profiles of the gut bacterial growth that may imply various effects in 

the gut environment (Aliah Daud et al., 2019). An EGF-like component found in EBN 
has also been associated with its role in cell division, growth, and tissue regeneration 

enhancement (Dai et al., 2020). This phenomenon has been regarded as one of the factors 

for the rejuvenating properties of EBN (L. S. Chua & Zukefli, 2016). A recent study 

revealed that EBN significantly improved memory and neuroprotection by inhibiting 

neuroinflammatory and oxidative stress processes (Careena et al., 2018). EBN contains 

VEGF and IL-6 which prevents the apoptosis of embryonic neurons by inhibiting the 

activation of caspase three, leading to the suppression of apoptotic cells (Roh et al., 

2012). A study conducted by Ma & Liu (2012) confirmed that EBN contains 

reproductive hormones such as testosterone, FSH, LH, E2, and P4. Whereas, up-

regulation of VEGF expression by E2 leading to increased angiogenesis has been 

previously reported (Hervé et al., 2006). Recent studies demonstrated that EBN 

increases the fertility rate and the rate of embryo implantation by enhancing the 
proliferation and differentiation of uterine structures, as shown by steroid receptor 

expressions up-regulation (Albishtue et al., 2019).  

Cd is an abundant heavy metal that causes toxicity in various organs. It is continually 

released into the atmosphere due to human economic activities such as refining and 

smelting of non-ferrous metals, phosphate fertilizers, batteries manufacturing, recycling 

of electronic and metal waste, and incineration of municipal waste (Tchounwou et al., 
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2012; Turner, 2019; Zhang & Reynolds, 2019). Cd usually enters the body, mainly due 

to work exposure, diet, respiration, smoking, and water (Vardhan et al.2019). The stated 

heavy metal has an extremely long biological half-life, which is between 15 to 30 years 

(Satarug et al.2010). According to WHO (2010), the levels of Cd have increased 

currently in the environment, workplace, and food chains due to anthropogenic practices 

and its widespread use in commercial products such as rechargeable batteries, pigments, 
vacuum tubes, some lubricants and nanosized particles of cadmium oxide (CdO) 

(Turner, 2019). This toxicity may cause damages to various tissues and organs, such as 

in the kidneys, liver, lungs, bones, and brain (Geng & Wang, 2019). Several studies have 

indicated that Cd's has endocrine modulative properties. Therefore it has been included 

in the category of endocrine disruptors, which are known as B exogenous mixtures or 

compounds that disrupt endocrine system functions and cause harmful health effects in 

an organism or its progeny or different populations (Epidemic, 2017). Many studies have 

outlined the impact of Cd on gametogenesis in both females and males, and implicating 

its compounds in early implantation failure and embryo lethality (Thompson & 

Bannigan, 2008). Various studies on female rats revealed that with a considerably quite 

long half-life, it accumulates in the female reproductive tract (Nasiadek et al., 2011). It 

has caused endometriosis in female rats (Nasiadek et al., 2018). Moreover, the number 
of uterine implantation sites and uterine length were decreased as a result of Cd exposure 

(Henson & Chedrese, 2004). Cd nanoparticles may alter reproductive success and 

perinatal growth and development as these nanoparticles can reach the placenta and lead 

to an unfavorable environment for the developing fetus (Blum et al.,2012).  

Research findings on EBN have demonstrated that it enhances the reproductive functions 

and increases the rate of a successful pregnancy; furthermore, it has shown a protective 

effect against reproductive damages caused by heavy metal lead acetate (Albishtue et al. 

2018; Albishtue et al. 2019). EBN also contains many other biological properties such 

as the potential to stimulate proliferation and growth of stem cells, EGF-like activity, 

enhance the biosynthesis of reproductive hormones like estrogen and act as an 

antioxidant. All these biological properties of EBN may influence the reproduction 
process. Consumers flock to EBN as compared to other natural products because of its 

high nutritional values such as anti-aging, immunomodulatory, and antioxidant effects. 

Despite the potential biological roles EBN has got (Chua et al., 2013, Akmal et al., 2017, 

Albishtue et al., 2018), research on effect of EBN supplement on reproduction/fertility 

is limited. EBN has been praised for its strong potential to be used as a hormonal 

replacement prophylaxis without any reported side effects(Zhiping et al., 2015), while 

several other types of hormonal replacement agents may lead to the development of 

endometrial and breast cancer (Zuccheto et al., 2009).  

1.2 Problem statement 

The forecasts indicate a rise in environmental contamination with Cd, and thus there will 

be an increase in exposure to the general population. Human exposure to Cd is currently 

a severe concern in fast-developing countries (Anetor, 2012). Food is the primary source 

of the general population's exposure to this toxic element, while habitual smoking of 

tobacco is also considered as a major source of exposure to Cd (Järup et al. 2015). 

Smoking cigarettes is an increasing pandemic in Malaysia (Lee, 2014). A cross-sectional 
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study by Lim et al. (2018) with representative sample of 21445 adults showed that the 

overall prevalence of smoking was 22.8%. The accumulation of Cd in urine was 

correlated with smoking habits among the Malaysian population (Adnan et al., 2012; 

Ismail et al., 2018).   

The low-level lifetime exposure to this toxic metal may lead to damage to the liver, 

kidneys, cardiovascular system, and skeletal system, as well as to the deterioration of the 
hearing and sight ( Järup, 2003; Brzóska & Moniuszko-Jakoniuk, 2004; Wallin et al., 

2014). Moreover, it can alter reproduction and development in various ways at every 

stage of the reproductive process (Thompson & Bannigan, 2008). Several short and long-

term studies have shown the detrimental effects of Cd-exposure on both female and male 

reproductive functions (Chedrese et al.2008). Long term exposure to this heavy metal 

may lead to reproductive function disorders, which might even lead to infertility 

(Nasiadek et al. 2019).  

Considering all the bioactive constituents and functions of EBN, we hypothesized that 

EBN would confer ameliorating effects against reproductive changes caused by Cd in 

uterus and ovaries of cycling female Sprague Dawley rats. As of today, no prior studies 

on the impact of EBN on Cd-mediated reproductive toxicity in female rats exist. Based 

on these observations, this study was designed to investigate whether EBN (Aerodramus 
fuciphagus) has an ameliorating effect on Cd exposure in the uterus and ovary of an 

experimental rat model.  

1.3 Research objectives 

1 To investigate the protective role of EBN supplement on uterine and ovarian 

histomorphology in non-pregnant cycling rats subjected to cadmium toxicity. 

2 To evaluate the ameliorating effect of EBN supplement on endometrial 

expressions of metallothionein (MT), growth factors and Cd-accumulation in 

uterus and ovaries of cycling rats exposed to Cd-toxicity. 

3 To assess the attenuating effect of EBN supplement against oxidative stress 

and hormonal (E2 and P4) imbalance in blood plasma of cycling rats subjected 

to Cd toxicity and sacrificed at the stage of estrus.  
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1.4 Research hypothesis 

Objective 1: 

 

 H0 = EBN supplement has no significant ameliorating effect against uterine 

and ovarian histomorphological change caused by cadmium toxicity. 

 H1= EBN supplement has significant ameliorating effect against uterine and 
ovarian histomorphological changes caused by cadmium toxicity 

 

 

Objective 2: 

 

 H0 = EBN supplement has no significant effect on expressions of growth 

factors and metallothionein in uterine and ovarian tissues of Cd-intoxicated 

rats. 

 H1= EBN supplement has significant effect on expressions of growth factors 

and metallothionein in uterine and ovarian tissues of Cd-intoxicated rats 

 H0 = Cadmium accumulation in the uteri and ovaries of rats is not altered by 

EBN supplement. 

 H1= = Cadmium accumulation in the uteri and ovaries of rats is altered by 

EBN supplement. 

 

 

Objective 3:  

 

 H0 = Plasma levels of oxidative stress biomarkers, antioxidants, and steroid 

hormones in rats exposed to cadmium toxicity are not affected by EBN 

supplement.  

 H1= Plasma levels of oxidative stress biomarkers, antioxidants, and steroid 

hormones in rats exposed to cadmium toxicity are affected by EBN 

supplement. 
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8 APPENDICES 

Appendix A 

 

Ethical Approval Letter, UPM 
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Appendix B 

 

Vaginal Smears to observe estrus cyclicity 

 

 
 

Vaginal swab sampling (A) and preparation of smear on a microscope slide (B) 
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Appendix C 

 

Sacrificing rats under general anesthesia, blood collection, ovaries, and uterus 

harvesting 
 

 
 

 

 

 

 

 

 

 

 

 

 

A: Blood collection from anesthetized rat via cardiac puncture B: Abdomen 

dissection of rat C: Weighing Ovaries D: Weighing Uterus 
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Appendix D 

 

ELISA procedure for E2 

 

Reagent preparation  

 
For the preparation of the standard solution, added 1 ml of sample dilution buffer into 

one standard tube (labeled as zero tubes), keeping the tube at room temperature for 10 

minutes and mix it thoroughly. Labeled 7 Eppendorf (EP) tubes with ½, ¼, 1/8, 1/16, 

1/32, 1/64, and blank respectively. Added 0.3 ml of the sample dilution buffer into each 

tube. Added 0.3 ml of the above standard solution (from zero tube) into 1st tube and mix 

thoroughly. Transferred 0.3ml from 1st tube into 2nd tube and mixed thoroughly. 

Transferred 0.3 ml from 2nd tube into 3rd tube and mixed, and so on. Sample dilution was 

used for the blank control. For the preparation of the biotin-labeled Antibody working 

solution, calculated the required total volume of the working solution: 0.1ml/well x 

quantity of wells (Allowed 0.1-0.2 ml more than total volume). Diluted the biotin-

detection antibody with an Antibody dilution buffer at 1:100 and mixed them 

thoroughly. HRP- streptavidin conjugate working solution was prepared by calculating 
required volume of solution. Diluted the HRP- streptavidin with dilution buffer at 1:100 

and mixed thoroughly.  

 

 

Assay procedure 

 

Washed plate two times before adding standard, sample, and control (blank) wells. Set 

standard, test samples, control (blank) wells on the pre-coated plate, respectively, and 

then recorded their positions. Added 50ul of standard, blank, or sample per well, the 

blank was added with standard buffer solution. Immediately added 50ul Biotin-labeled 

Antibody working solution into each well. Covered with plate sealer. Incubated for 45 
minutes at 37C. After incubation, washed the plates three times with wash buffer and let 

the wash buffer stay in the wells for 1 minute each time. After the last wash, removed 

any remaining wash buffer by aspirating or decanting. Then, added 100ul HRP working 

solution in each well. Covered it with a new Plate sealer. Incubated for 30 minutes at 

3fC. After incubation washed plate five times with wash buffer. 90ul TMB substrate 

solution was added. Incubated 10-20 minutes at 37C. Then 50ul stop solution was added. 

The color turned yellow immediately. Read the optical density (OD) absorbance at 

450nm in a microplate reader immediately after adding the stop solution.  

 

 

ELISA procedure for P4 

 

Reagent Preparation 

 

Brought all reagents to room temperature (18-25 C) before use. Prepared 750mL wash 

buffer by diluting 30mL of concentrated wash buffer with 720 mL of distill water. For 

preparation of Standard working solution centrifuged the standard at 10,000 for 1 min. 

0.1 mL of reference standard and sample diluent was added, mixed it thoroughly with a 

pipette. Then made serial solutions as needed. Dilution method: Took 7 EP tubes, added 

500ul of the working solution to the 1st tube and mixed thoroughly. Pipetted 500uL of 

the former tube to the latter one according to these steps. For the Antibody working 
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solution, calculated the required amount before the experiment(50ul/well). Diluted the 

100X concentrated Biotinylated Detection Ab to 1X working solution with Biotinylated 

Detection Ab diluent. HRP conjugate was also prepared as per requirement (100uL each 

well).  

 

 

Assay procedure 

 

Added the standard working solution to the 1st two columns: Each concentration of the 

solution was added in duplicate to each well, side by side (50uL for each well). Samples 

were added to other wells (50uL each well), immediately added Antibody working 

solution to every well. Covered the plate with sealer. Incubated the plate for 45 min at 

37C. After incubation decanted the solution from wells, added 350uL wash buffer in 

each well, soaked for 1-2 minutes and aspirated the wash buffer from wells. Added 

100uL HRP conjugate working solution to each well and incubated for 30 minutes at 

37C. After incubation decanted the solution from each well, repeated the wash process 

for five times. Then added 90uL of substrate reagent to each well and covered with a 

new plate sealer. Incubated for about 15 minutes at 37C and protected the plate from 
light. Later added 50uL of stop solution to each well. Determined the OD of each well 

by using a microplate reader at 450nm.  
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Appendix E 

 

H&E staining procedure for microscopical examination 

 

Method 

 

 Collected sectioned (4 μm) tissues cut from paraffin-embedded blocks on 

clean glass slides. 

 Dewaxed through graded alcohols followed by rinsing the slides into running 

water. 

 Stained in Haematoxylin for 5 minutes. 

 Dipped the slides 2-3times in 1% acid alcohol. Washed in running water until 

turned blue. 

 Stained in eosin for 30 sec to 1 minute. 

 Dehydrated through alcohol series and cleared in xylene. 

 Mounted with a coverslip using DPX and left to dry. 

 
 

Giemsa staining for Vaginal cytology  

 

 Dipped the smear (3-4 dips) into pure methanol for fixation of the smear, left 

to air dry for 1 minute.  

 Flooded the slide with 5% Giemsa stain solution for 10-20 minutes. 

 Flushed with tap water and left to air dry.  
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Appendix F 

 

Immunohistochemistry protocol for rat uterine and ovarian tissues 

 

Mounting and Deparaffinization of Tissue Sections: 

 

 Collected sectioned (4 μm) tissues cut from paraffin-embedded blocks on 

clean glass slides. 

 Rehydrated through graded alcohols followed by rinsing the slides into 

running water. 

 Stained in Haematoxylin for 5 minutes. 

 Dipped the slides 2-3times in 1% acid alcohol. Washed in running water until 

turned blue. 

 Stained in eosin for 30 sec to 1 minute. 

 Dehydrated through alcohol series and cleared in xylene. 

 

 

Target Retrieval (Heat-Induced Epitope Retrieval) 

 

Prior to use, the product was diluted 1:10 with distilled water  

 

(nine parts water) to make a working solution. 

 

1.  Deparaffinized and rehydrated tissue sections. 

2.  Immersed sections in suitable containers filled with diluted Target Retrieval 

Solution. 

3.  Performed antigen retrieval (10minutes in high power for microwave with 

minimum volume 500-700ml of antigen retrieval. 
4. Decanted Target Retrieval Solution and rinsed sections 2 to 3 times with room 

temperature buffer 

 

 

Procedural Notes 

 

STEP 1 PEROXIDASE BLOCK 

 

1.  Tapped off excess wash buffer. Using a lintless tissue, carefully wiped around 

the specimen to remove any remaining liquid and to keep reagent within the 

prescribed area. 

2.  Applied enough Peroxidase Block to cover specimen. 
3.  Incubated for 10 minutes (±1) minutes. 

4.  Rinsed gently with distilled water or wash buffer from a wash bottle (do not 

focus flow directly on tissue) and place in a fresh buffer bath. 
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STEP 2 PROTEIN BLOCK 

 

1.  Tapped off excess buffer and wiped slides as before. 

2.  Applied enough protein block to cover specimen. 

3.  Incubated to 5 (±1) minutes. 

4.  Rinsed gently with buffer solution from a wash bottle. 

 

 

STEP 3 PRIMARY ANTIBODY OR NEGATIVE CONTROL REAGENT 

 

5.  Tapped off excess buffer and wiped slides as before. 

6.  Applied enough optimally diluted primary antibody or negative control 

reagent to the covered specimen. 

7.  Incubated at room temperature for overnight at 4 degrees. 

8.  The next day, Rinsed gently with a buffer solution from a wash bottle and 

placed it in a fresh buffer bath. 

 

 

STEP 4 PEROXIDASE LABELLED POLYMER 

 

1.  Tapped off excess buffer and wiped slides as before. 

2.  Applied enough Apply HRP-conjugate to cover specimen. 

3.  Incubated 15 (±1) minutes. Rinsed slides as in Step 2 

 

 

STEP 5 DAB+ SUBSTRATE-CHROMOGEN 

 

1.  Wiped slides as before. Added 30 μl (1 drop) DAB Chromogen to 1.5 ml (50 

drops) of DAB Substrate, mixed by swirling and applied to the tissue. 
2.  Applied enough prepared DAB+ substrate-chromogen to cover specimen. 

3.  Incubated for 10 (±1) minutes. 

4.  Rinsed gently with distilled water from a wash bottle. 

 

 

STEP 6 HEMATOXYLIN COUNTERSTAIN (optional) 

 

1.  Immersed slides in a bath of hematoxylin. The length of incubation depends 

on the strength of hematoxylin used. Rinsed gently in a distilled water bath. 

2.  Rinse slides in a bath of distilled or deionized water for 2–5 minutes. 

 

 

STEP 7 MOUNTING 

 

3. Specimens were mounted and cover slipped with an aqueous-based mounting 

medium. 
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Appendix G 

 

Sample preparation of ICP-MS 

 

Steps 

 
1. Uterus and ovary were weighed separately. 

2. Transferred into Teflon vessel chamber 

3. 8 ml Nitric acid (65%) was added in the Teflon vessel. 

4. Vessels were tightly sealed. 

5. Vessels transferred to Microwave digestor and kept for 1 hour.  

6. After 1 hour cleaned digested solution was obtained, it was diluted up to 

100mL with ultrapure water.  

 

 

 

 

 

 

 

 

 

Figure: Steps involved in sample digestion 
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Appendix H 

 

Histopathological lesion scoring 

 

 Fields 

Organs/Scoring 1 2 3 4 5 6 Mean 

Uterus        

Ovaries        

 
 

Histological scoring 

 

Scoring Method 0 (Normal) 1(Mild) 2 (Moderate) 3 (Severe) 

Histopathological changes 00 <25 <50 >50 
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