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Summary: One of the substances used in force ripening fruits is commercial grade calcium carbide (CaC2) which contains 

impurities such as arsine and this has been associated with low birth weight and fetal loss. There is thus a need to further 

investigate additional risks on offspring. This study was thus designed to evaluate the possible effects of maternal 

consumption of banana pulp, force ripened with CaC2, on the offspring. Sixteen pregnant rats were randomly divided into 

two test groups and controls of four rats each. Two test groups were fed with pelletized feed mixed with banana pulp ripened 

by commercial grade CaC2 at concentrations of 50g/5kg and 100g/5kg while the controls had a group fed with pelletized 

feed mixed with normal ripened banana and another had only pelletized feed. This feeding pattern was done morning and 

evening ad libitum throughout the gestation period of twenty-one days after which only pelletized feed and water was 

administered. At delivery, all male offspring were separated and each dam was allowed eight female pups to nurse. Upon 

weaning after twenty-one days, the mothers were removed leaving eight female offspring in each group. Development of 

their reproductive system was monitored and recorded using parameters such as vaginal opening day (VOD) and reproductive 

hormonal assay at the sixth week. A fertility test was also carried out by introducing viable male rats for mating at sixth week 

postpartum. Trace amount of arsenic was found in the banana pulp of 100g/5kg CaC2 group (0.35ppb). CaC2 exposure was 

related to delayed onset in puberty, decreased serum FSH and a decreased fertility rate in the 100g/5kg CaC2 group (p<0.05). 

Consumption of contaminated CaC2 ripened fruits exposes humans to arsenic acid which has harmful effects on reproductive 

development of offspring. 
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INTRODUCTION 
 

Environmental contaminants including endocrine disrupting 

chemicals are causing adverse reproductive health 

worldwide (Rashtian et al. 2019). The intrauterine and early 

childhood periods are the most vulnerable windows for 

chemicals that may impair growth and organ development 

(Grandjean et al., 2008). Even the least concentration of 

these common environmental pollutants that would appear 

harmless in the short term to an adult will be very harmful 

to the developing fetus and during early child development 

(WHO 2002). Consumption of good and ripe fruits is a 

healthy diet habit recommended for all and that place an 

increase demand on the supply in Nigeria. There is thus the 

propensity to initiate artificial ripening of these fruits. 

Chemicals are commonly employed as artificial ripening 

agents and the substance commonly used in Nigeria is 

calcium carbide because it is relatively cheap (Singal, 

Kumud, and Thakral, 2012). Calcium carbide (CaC2) in its 

pure form is not toxic but commercial grade CaC2 also 

known as masala is extremely hazardous to the human body 

as it contains traces of arsenic and phosphorus. It is banned 

in many countries of the world, but it is freely available in 

Nigeria, India, Pakistan and other countries (Dhua and 

Siddiqui, 2010). Several studies suggest association 

between arsenic exposure and adverse pregnancy outcomes 

such as spontaneous abortion, stillbirth, and infant death 

(Ahmad et al. 2001; Milton et al. 2005; von Ehrenstein 

2006; Rahman et al. 2007). However, limited studies exist 

on the programming of intra-uterine exposure to impure 

commercial grade CaC2 on fertility of the surviving 

offspring and the molecular mechanism underlying this 

deleterious effect. 

 

MATERIALS AND METHODS 
 

Experimental layout for ripening of banana: Unripe 

matured bananas (Musa spp) was purchased locally and 

authenticated in the department of Plant Science and 

Biotechnology, University of Nigeria, Nsukka and was 

assigned a voucher’s number UNH No 813. The banana was 

ripened using commercial grade calcium carbide in the form 

of solution according to the method used by Chandel et al. 

(2018). For the control groups, control one (T0) had rats fed 

with pelletized feed and water only while control two (T1) 

had five-kilogram banana fruit placed in five-kilogram 

capacity carton and allowed to ripen naturally (without 

using CaC2) at ambient temperature. For the test groups, 

five-kilogram banana fruit was dipped in five litres of water 

containing 50g of CaC2. This served as T2. Another five-

kilogram banana fruit was dipped in five litres of water 

containing 100g of CaC2. This was T3. T2 and T3 were kept 
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for 30 minutes after which the fruits were removed from the 

solution and air dried to remove adhering moisture. The 

treated fruits were placed in five-kilogram capacity carton 

each and allowed to ripen at ambient temperature. After 

which, banana from each group was separately fed into a 

Qlink Blender model QBL-20L330 China, and then 

homogenized. The resulting puree (juice) was introduced 

into plastic bottles, properly labelled and preserved in a 

refrigerator at 15oC which was later used in the animal 

experiment according to Gbakon et al (2018). Although the 

doses of CaC2 used in this study have been used by a 

previous study (Chandel et al., 2018), the rationale behind 

the adoption of the doses was to ascertain the possible health 

effect that can arise from a concentration this low. 

 

 

Experimental design: Sixteen nulliparous (weighing 

between 170-220g) rats were used for this study. After 

successful mating and pregnancy was confirmed by the 

presence of vaginal plug, the rats were randomly assigned 

into four groups namely T0, T1, T2, and T3. Each group had 

four rats each. The rats were fed with pelletized mash. Pulp 

from the previously ripened banana fruits from each group 

was taken for estimation of arsenic residues in the banana 

from the peel and pulp separately for each treatment by 

using wet digestion according to the method of Chandel et 

al. (2018), using ICP-AES (Inductively Coupled Argon 

Plasma-Atomic Emission Spectrometry, Buck Scientific 

210 Variable Giant Pulse model). The level of arsenic 

residues in the various treatments was compared with the 

maximum contamination level of arsenic residue in fruits 

which is 0.05ppb (USDA, 2006).  

 The banana pulp was mixed with the pelletized mash 

and the rats in each group fed ad libitum according to 

Gbakon et al (2018). The blended banana was mixed with 

the rat feed according to the method by Igbinaduwa et al. 

(2016). The allotment of diet is shown in the table below. 

 

Table 1:  

Allotment of diet across the groups  

Groups CaC2 level  

(g/kg of fruit) 

Treatment diet 

T0 0g Normal rat feed +water 

T1 0g Banana pulp (without CaC2) + 

feed + water 

T2 50g/5kg Banana pulp (with CaC2) + feed + 

water 

T3 100g/5kg Banana pulp (with CaC2) + feed + 

water 

 

After delivery, the male pups were removed leaving only the 

female pups. Each dam was allowed eight female pups to 

nurse throughout the lactation period to eliminate any form 

of over nutrition or mal nutrition. At postnatal day twenty-

one, the pups were weaned off while the mothers were 

removed from the groups. The vaginal opening day (VOD) 

for each rat per group was recorded and taken as the onset 

of puberty  (Ojeda and Skinner, 2006). At Postnatal day 35 

(fifth week postpartum), the week the vagina of rats opened 

in the control group, blood was taken from the dorsal aorta 

of four rats in the control group and subsequent groups at 

their respective vaginal opening day (VOD) for assay of 

reproductive hormone namely follicle stimulating hormone 

(FSH), Luteinizing hormone (LH) and Estrogen (E2). The 

hormones were estimated by radioimmunoassay (RIA). 

These rats were marked thereafter. The marked four pups in 

each group were later sacrificed after blood had been 

obtained from them by cervical dislocation and ovaries 

harvested and preserved in formalin for tissue processing 

while the remaining four were subjected to fertility test by 

introducing viable and mature males to the female pups. 

Confirmation of pregnancy was a sign of fertility. The 

fertility rate per group was calculated according to (Anjum 

and Reddy 2015) with slight modification as: 
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑒𝑔𝑛𝑎𝑛𝑡 𝑟𝑎𝑡𝑠

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑎𝑡𝑒𝑑 𝑟𝑎𝑡𝑠 
𝑋 100 

 

Statistical analysis: Findings were tabulated and analyzed 

with results expressed as mean ± SEM. Statistical analysis 

was done using one-way Analysis of Variance (ANOVA). 

The results were compared using Post-hoc (tukey) test. 

Results were considered significant at p˂ 0.05 

 

Ethical consideration: All procedures used in this study 

adhere to the ARRIVE (Animals in Research: Reporting in 

Vivo Experiments) guidelines for reporting animal research 

(Kilkenny et al. 2010; Tilson and Schroeder, 2013) and the 

ethical standards of this experiment is in accordance with 

the guidelines provided by the CPCSEA and World Medical 

Association Declaration of Helsinki on Ethical Principles 

for Medical Research involving experimental animals. It 

was equally approved by College of Medicine Research and 

Ethics Committee, University of Nigeria. 

 

RESULTS 
 

Arsenic residue analysis of CaC2 ripened banana by 

atomic absorption: Between the treatment groups, 

significant elevation in mean arsenic deposition was 

observed in the peel of 50g/5kg CaC2 and 100g/5kg CaC2 

treatments group (p<0.05) compared to naturally ripened 

banana group. Non-significant increase was observed in the 

pulp of the treatment groups in dose-dependent manner as 

seen in the Table 2. 

 
 

Table 2:   

Arsenic residue analysis of CaC2 ripened banana by atomic 

absorption 

 

Ripening treatments (T) 

Arsenic residue (ppb) 

in different fruits parts 

 

  Banana Peel Banana Pulp 

T1 

(naturally ripened) 

  0.00 ± 0.00 0.00 ± 0.00 

T2 

(dipping in 50g/5litres of 

CaC2) 

  0.61 ± 0.19 

 

0.30 ± 0.12 

T3 

(dipping in 100g/5litres of 

CaC2) 

  1.28 ± 0.00* 0.35 ± 0.17 

Values are mean ± SE 
*significantly different from T2 at p˂0.05 

Arsenic residue in the calcium carbide granules was found to be 

1.71ppb. 
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Vaginal opening day (VOD) of female offspring exposed 

to prenatal CaC2 ripened banana: In the Table 3, a 

Significant increase (P<0.05) was observed in vaginal 

opening day in 100g/5kg CaC2 group when compared to 

control. There was a non-significant increase in the VOD of 

the naturally ripened banana group (T1) when compared 

with the control. A significant dose-dependent increase was 

also observed within the CaC2 treatment group (T2 and T3).  

 

Hormonal analysis by radioimmunoassay (RIA) on 

reproductive hormone of female offspring exposed to 

prenatal CaC2 ripened banana: Significant dose-

dependent decrease (P<0.05) was observed in mean plasma 

levels of FSH with all doses of CaC2 compared to control. 

Within the treatments groups, 50g/5kg CaC2 group showed 

a non-significant (p<0.05) increase in plasma levels of FSH, 

LH and estrogen compared to 100g/5kg CaC2 group. The 

naturally ripened banana group (T1) significantly increased 

the levels of FSH, LH and estrogen (p<0.05) when 

compared to the CaC2 treatment groups as shown in Table 

4. 

 

Fertility rate of female offspring exposed to prenatal 

CaC2 ripened banana: A significant dose-dependent 

decrease in fertility rate was observed in 100g/5kg CaC2 

group when compared with the control and naturally ripened 

banana groups. A non-significant decrease in fertility rate 

was observed within the treatment groups as seen in the 

Table 5. 
 

Table 3:  

Vagina opening day (VOD) of female offspring exposed to 

prenatal CaC2 ripened banana (mean ± SE, n= 8) 

GROUPS Vagina opening day (days) 

TO  35 ± 0.74 

TI 33 ± 0.62† 

T2 36 ± 0.16* 

T3 44 ± 0.48‡ 
* Significantly different from T3 at p < 0.05 
† Significantly different from T3 at p < 0.05 
‡ Significantly different from T0 at p < 0.05 

 

 

 

Table 4:  

Hormonal analysis by radioimmunoassay (RIA) on reproductive 

hormone of female offspring exposed to prenatal CaC2 ripened 

banana (mean ± SE, n= 4) 

Groups FSH 

(mIU/mL) 

LH 

(mIU/mL) 

Estrogen 

(pg/mL) 

T0 47.1±1.1 12.8±4.0 57.7±11.8 

T1 44.0±1.6 20.6±0.6 67.8±4.6 

T2 32.8±2.2*† 9.4±1.2† 37.9±3.7*† 

T3 34.2±1.4* 9.6±1.1† 28.5±1.0*† 
*significantly different from the control (T0) at p˂0.05 
† Significantly different from T1 at p˂0.05 

 
Table 5:  

Fertility rate of female offspring exposed to prenatal CaC2 ripened 

banana 

Groups Fertility Rate (%) 

T0 100 

T1 100 

T2 75 

T3 50* 

Values are expressed as mean ± SE, n=4;   

*=significant when compared with T0 and T1 at p˂0.05 

 

Histological observation of ovaries of female offspring 

exposed to prenatal CaC2 ripened banana: From Plate 1, 

the graafian follicles of the naturally ripened banana group 

were very large with increased amount of follicular fluid 

when compared to other groups (Plate 1B). Among the 

treated group, the 50g/5kg group had same number of 

developing follicles but smaller with little or no fluid within 

the follicles while the 100g/5kg group had markedly 

reduced number of follicles with scanty follicular fluid 

(Plate1C & D). The number of developing follicles was 

observed to be more in the control group (Plate 1A) and it 

appeared to decrease with increase in the dose of CaC2.  

 In Plate 2, the space between the granulosa cells and the 

theca interna is observed to be well demarcated in both 

control and naturally ripened banana groups while it is 

indistinguishable in both treatment groups as there is no 

marked demarcation between them. In Plate 2, the follicles 

are seen to be closed to each other in both the control and 

naturally ripened banana groups while they are markedly 

spaced in the treatment group and this increase is dose 

dependent. 

 

 

    
Plate 1:  
Photomicrograph of ovary to offspring of control and CaC2 treated mothers at puberty, showing number of developing follicles.(A) control 

(T0) showing normal proliferating developing ovarian tissue with the formation of primary follicles (B) Naturally ripened group (T1) 

showing normal proliferating developing ovarian tissue with the formation of primary follicles. (C) 50g/5kg CaC2 group (T2) showing 

malformation of ovarian follicles with disappearance of the fluid in some follicles leading to solidification of some of the follicles. 

Hemorrhage can also be seen in the vascular channels. (D) 100g/5kg CaC2 group (T3) showing reduction in number of developing ovarian 

follicles.  

 



 Niger. J. Physiol. Sci. 35 (2020): Iyare et al 

calcium carbide and postnatal female infertility 

158 

 

      
Plate 2:  

Photomicrograph of ovaries to offspring of control and CaC2 treated mothers at puberty, showing graafian follicle. The black arrows 

indicate the distance between the graafian follicles in each ovary.  

 

 
 The connective tissue around the follicles is moderately 

dense with clear vascular channels in the control and 

naturally ripened banana groups while it is relatively loose 

with congested vascular channels in the low dose group. 

However, the connective tissues in the high dose group are 

thicker and deeply hyalinized with fewer follicles Plate 2). 

 

DISCUSSION 
 

In this study we reported the effects of maternal exposure to 

CaC2-ripened fruit on the reproductive development of the 

pups to unravel the mechanisms behind reproductive 

failures associated with arsenic exposure. It is evident from 

the result that maximum level of arsenic was found in the 

banana peel of 100g/5kg CaC2 group but no significant 

difference in the concentration of arsenic was found in the 

banana pulp of both treatment groups. A possible 

explanation for this could be that the banana peel may act as 

a barrier preventing the influx of harmful chemicals to the 

pulp. A study has reported that some components of banana 

peel, such as Hydroxyl and Carboxyl of Pectin, have the 

ability to absorb heavy metals (Palacios, 2005). This could 

explain why the concentration of arsenic in the banana pulp, 

in both treatment groups, was fairly same despite the varied 

amount of CaC2 used. All concentration of arsenic residue 

in the treatment groups exceeded the maximum 

contamination level of arsenic in fruits (0.05ppb) (USDA, 

2006). 

 Age of vaginal opening and levels of circulating 

reproductive hormone have been used as predictors of 

puberty in mice (Kimberly et al., 1997). The observed delay 

in vaginal opening in group T3 (100g/5kg CaC2 treated 

banana) could be linked to the aforementioned alterations in 

serum reproductive hormone. It has equally been reported 

that arsenic poisoning in trace amount can lead to one 

month’s delay in the onset of puberty in female rats (Dávila-

Esqueda et al., 2012). The mechanism explains that pre-

pubertal exposure to arsine (III) acts peripherally to suppress 

circulating levels of IGF-1 resulting in delayed sexual 

maturation. It went further to identify a critical window of 

increased susceptibility to arsine (III) that may have a 

lasting impact on female reproductive function (Reilly et al., 

2014). Contrary to the above, a study has reported that 

carbide accelerates puberty onset (Bafor et al., 2019). 

 Levels of circulating LH have been used as predictors 

of puberty in mice (Risma et al. 1997). Elevated serum LH, 

which is positively linked to precocious puberty (Risma et 

al. 1997), was observed only in the group that ate naturally 

ripened banana. A possible explanation for the observed 

increase in stimulation of LH and estrogen secretion could 

be banana-induced as certain meals have been reported to 

induce stimulation of hormone secretion (Schreihofer et al., 

1996). Inorganic arsenic has been reported to suppress 

ovarian steroidogenesis, prolongs diestrus, and degenerates 

ovarian follicular cells (Navarro et al., 2004; Chattopadhyay 

et al., 2001; Zhang et al., 2000), which explains the 

observed decrease in serum concentration of LH, FSH and 

estrogen in this study. The mechanism behind the observed 

arsenic toxicity in the female reproductive system could be 

arsenic-induced changes in the levels of catecholamines in 

the brain. The elevation in serotonin and decrease in 

norepinephrine in the midbrain and diencephalon could 

lower gonadotrophin synthesis and secretion. Low 

gonadotrophin levels could in turn decrease activities of 

ovarian regulatory enzymes for steroidogenesis, a 

reasonable explanation for the reduction in all three 

hormones. The observed low FSH level may contribute to 

the observed decreased number of healthy follicles and 

increased number of malformed follicles seen in the 

treatment groups. Studies have equally shown that Arsenic 

also causes toxicity to estrogen production by interfering 

with its signaling pathways (Chatterjee and Chatterji, 2010; 

Bae-Jump et al., 2008; Watson and Yager, 2007). Watson 

and Yager (2007) showed that Arsenic disrupts the estrogen 

signalling pathways by suppressing the action of estradiol 

on the uterus and interaction of estrogen receptors with 

some transcription factors. 

 A significant decrease in fertility rate was seen in the 

100g/5kg CaC2 group when compared to the control 

(p<0.05). Bafor et al. (2019) reported that fruits ripened 

with calcium carbide negatively alter the female 

reproductive physiology. The notable difference in fertility 

between the control and treatment groups under 

experimental conditions, were due to the alterations in levels 

of reproductive hormones as well as changes in the 

architecture of the follicles.   

 A limitation to this study is the fact that attempt to get 

pure form of calcium carbide for this study proved abortive. 

Further work will be done with the pure form of calcium 

carbide once available to ascertain if the chemical in its pure 

form has any negative effect in the body.  

 In conclusion, consumption of commercial grade CaC2 

ripened fruits during pregnancy exposes humans to a 

significant deleterious effect on puberty onset, and fertility 

rate of female offspring. 
 



 Niger. J. Physiol. Sci. 35 (2020): Iyare et al 

calcium carbide and postnatal female infertility 

159 

REFERENCES 
 

Ahmad, S.A., Sayed, M.H. and Barua, S. (2001). Arsenic in 

drinking water and pregnancy outcomes. Environ Health 

Perspect. 109: 629 – 631.  

Anjum, M.R. and Reddy, P.S. (2015). Recovery of lead‐induced 

suppressed reproduction in male rats by testosterone. 

Andrologia, 47(5):560-567. 

Bae-Jump, V.L., Zhou, C., Boggess, J. F., and  Gehrig, P. A. 

(2008). Arsenic trioxide (As2O3) inhibits expression of 

estrogen receptor—alpha through regulation of the 

mitogen-activated protein kinase (MAPK) pathway in 

endometrial cancer cells. Reproductive Sciences, 15:1011-

1017. 

Bafor, E.E., Greg-Egor, E., Omoruyi, O., Ochoyama, E. and 

Omogiade, G.U. (2019). Disruptions in the female 

reproductive system on consumption of calcium carbide 

ripened fruit in mouse models. Heliyon, 5(9)e02397. 

Chandel, R., Sharma, P.C. and Gupta, A. (2018). Method for 

detection and removal of arsenic residues in calcium 

carbide ripened mangoes. Journal of Food Processing and 

Preservation, 42(2): e13420.  

Chatterjee, A., and Chatterji, U. (2010). Arsenic abrogates the 

estrogen-signaling pathway in the rat uterus. Reprod. Biol. 

Endocrinol. 8:80 

Chattopadhyay, S., Ghosh, S., Debnath, J., and Ghosh, D., 

(2001). Protection of sodium arsenite-induced ovarian 

toxicity by coadministration of L-ascorbate (vitamin C) in 

maturewistar strain rat. Arch. Environ. Contam. Toxicol. 

41, 83–89. 

Dávila-Esqueda, M.E., Jimenez-Capdeville, M.E., Delgado, 

J.M., De la Cruz, E., Aradillas-Garcia, C. and Jimenez-

Suarez, V. (2012). Effects of arsenic exposure during the 

pre- and postnatal development on the puberty of female 

offspring. Experimental and Toxicologic Pathology, 6:25–

30.  

Dhua, R. and Siddiqui, M.W. (2010). Eating artificially ripened 

fruits is harmful.  Current science, 99:1664 – 1668.  

Gbakon, S.A., Ubwa, T.S., Ahile, U.J., Obochi, O.G., 

Nwannadi, I.A., and Yusufu, M.I. (2018). Studies on 

Changes in Some Haematological and Plasma Biochemical 

Parameters in Wistar Rats Fed on Diets Containing Calcium 

Carbide Ripened Mango Fruits. International Journal of 

Food Science and Nutrition Engineering, 8(2):27-36.  

Grandjean, P., Bellinger, D., Bergman, A., Cordier, S., Davey-

Smith, G., and Eskenazi, B. (2008). The faroes statement: 

human health effects of developmental exposure to 

chemicals in our environment. Basic Clin Pharmacol 

Toxicol, 102: 73–75.  

Igbinaduwa, P. and Aikpitanyi, R. (2016). Calcium carbide 

induced alterations of some haematological and serum 

biochemical parameters of wistar rats. Asian Journal of 

Pharmaceutical and Health Sciences, 6:1396-1400.  

Kilkenny, C., Browne, W., Cuthill, I., Emerson, M. and Altman, 

D. (2010). Improving bioscience research reporting: The 

ARRIVE guidelines for reporting animal research. PLoS 

Biology, 8(6), e1000412.  

Kimberly, A., Risma, A.N. and Hirshfield, J.H. (1997). 

Elevated Luteinizing Hormone in Prepubertal Transgenic 

Mice Causes Hyperandrogenemia, Precocious Puberty, and 

Substantial Ovarian Pathology. Endocrinology, 138:3540–

3547.  

Milton, A.H., Smith, W., Rahman, B., Hasan, Z., Kulsum, U. 

and Dear, K. (2005). Chronic arsenic exposure and adverse 

pregnancy outcomes in Bangladesh. Epidemiology, 16: 82–

86. 

Navarro, P.A., Liu, L., and Keefe, D.L. (2004). In vivo effects 

of arsenite on meiosis, preimplantation development, and 

apoptosis in the mouse. Biology of reproduction, 70: 980-

985. 

Ojeda, S.R. and Skinner, M.K. (2006). Puberty in the Rat. 

Knobil and Neill’s Physiology of Reproduction, 2061–

2126.  

Palacios, A. (2005). Use of Banana Peel Based Filters to 

Reduce Heavy Metals in Wastewater. SPE Latin American 

and Caribbean Petroleum Engineering Conference. 

doi:10.2118/177250-ms  

Rahman, A., Vahter, M., Ekström, E.C., Rahman, M., Mustafa, 

A.H.M. and Wahed, M.A. (2007). Association of arsenic 

exposure during pregnancy with fetal loss and infant death: 

A cohort study in Bangladesh. American Journal of 

Epidemiology, 165: 1389–1396.  

Rashtian, J., Chavkin, D.E. and Merhi, Z. (2019). Water and 

soil pollution as determinant of water and food 

quality/contamination and its impact on female fertility. 

Reproductive Biology and Endocrinology, 17:5.  

Reilly, M.P., Saca, J.C., Hamilton, A., Solano, R.F., Rivera, J.R. 

and Whitehouse-Innis, W. (2014). Prepubertal exposure to 

arsenic (III) suppresses circulating insulin-like growth 

factor-1 (IGF-1) delaying sexual maturation in female rats. 

Reproductive Toxicology, 44:41–49. 

Risma, K. A., Hirshfield, A. N., and Nilson, J. H. (1997). 

Elevated luteinizing hormone in prepubertal transgenic 

mice causes hyperandrogenemia, precocious puberty, and 

substantial ovarian pathology. Endocrinology, 138:3540-

3547. 

 Schreihofer, D. A., Renda, F., and Cameron, J. L. (1996). 

Feeding-induced stimulation of luteinizing hormone 

secretion in male rhesus monkeys is not dependent on a rise 

in blood glucose concentration. Endocrinology, 137: 3770-

3776. 

Singal, S., Kumud, M. and Thakral, S. (2012). Application of 

apple as ripening agent for banana. Indian Journal of 

Natural Products and Resources, 3:61–64.  

Tilson, H.A. and Schroeder, J.C. (2013). Reporting of Results 

from Animal Studies. Enviromental Health Perspectives, 

121: 320–321.  

United States Department of Agriculture (USDA), (2006). 

Foreign Agricultural Services GAIN Report. Global Report 

No. CH6064, Chinese People’s Republic of FAIRS 

products. Specific Maximum Levels of Contaminants in 

Foods, Jim Butterworth and Wu Bugang, 1-60.  

von Ehrenstein, O.S., Guha Mazumder, D.N., Hira-Smith, M., 

and Ghosh, N. (2006). Pregnancy Outcomes, Infant 

Mortality, and Arsenic in Drinking Water in West. American 

Journal of Epidemiology, 163: 662–669.  

Watson, W.H., and Yager, J. D. (2007). Arsenic: extension of its 

endocrine disruption potential to interference with estrogen 

receptor-mediated signaling. Toxicological sciences, 98: 1-

4. 

World Health Organisation, (2002). Children’s health and 

environment : a review of evidence : a joint report from the 

European Environment Agency and the WHO Regional 

Office for Europe /cedited by Giorgio Tamburlini, Ondine 

S. von Ehrenstein and Roberto Bertollini.  

World Health Organisation, (2011). Safety evaluation of certain 

contaminants in food. Retrieved from 

https://apps.who.int/iris/bitstream/handle/10665/44520/97

89241660631_eng.pdf 

Zhang, C., Ling, B., Liu, J., and  Wang, G. (2000). Toxic effect 

of fluoride-arsenic on the reproduction and development of 

rats. Wei sheng yan jiu= Journal of hygiene research, 29: 

138-140.



 Niger. J. Physiol. Sci. 35 (2020): Iyare et al 

calcium carbide and postnatal female infertility 

160 

 


