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ABSTRACT

The use of Vitamins C in the management of reprotiue dysfunction induced by lead
poisoning in rabbits has not been completely elwatield. In this study, 9 adult Chinchilla
rabbit-bucks were randomly assigned into three gpsu(groups A — C) consisting of three
animals per group. The first group (group A) is the&ontrolreceived only drinking
waterthroughout the experimental period. Group Bosved lead (10 mg/kg) in drinking water
daily for a period of 42 days while the second gpo(group B) received both lead (10 mg/kg)
and Vitamin C (500 mg/kg) in drinking water for thesame period. Semen samples were
collected with the aid of an artificial vagina anevaluated for volume, colour, consistency and
pH before and at the end of the treatment period &l the groups. Testes were also harvested
for histopathological examination. Data generatetbin the study were subjected to statistical
analysis using paired students’ t test and ANOVAedd treatment caused significant (p<0.05)
decreases in semen characteristics such as spermaatonotility and concentration, liveability
and percentage spermatozoa abnormalities comparedhe control and their pre-treatment
values. Testicular histopathologic lesions in thead treated group included vacuolation,
degeneration of seminiferous tubules and the abserm spermatozoa in the lumen. On the
other hand, there were significant improvements dhese parameters in the group that
received lead and vitamin C. The results suggesttthitamin C at a dosage of 500 mg/kg is
capable of suppressing and protecting against tliverse effects of lead poisoning on semen
quality and testicular histopathology in rabbits.

INTRODUCTION
An important aspect of male infertility is of unkmo aetiology which may be attributed to various
environmental and occupational exposures to taxistsnces. Such toxic substances include pesticides
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asbestos, lead, formaldehyde and cadmium with deadpying the first position. The wider use of lead
related substances and its subsequent presenspi@adl in almost every part of our environmentlyart
gives credence to this line of thought. Lead aratl leompounds are used in paint, ceramics, pipes,
plumbing materials, solders, gasoline, ammunitiod eosmetics such as lipstic and vanish with larges
use in the acid storage of motor batteries [2,3,4].

Lead can also be emitted into the environment frodustrial sources and contaminated sites, such as
former lead smelters. Natural levels of lead inl soay range between 50 and 400 parts per
million.Economic activities such as mining, smaitiand petroleum refining cause substantial increase
lead levels in the environment, especially nearimginand smelting sites, thereby constituting
occupational hazards to nearby residents and weoikahose industries [5,6]. An incidence of adatal
poisoning that was linked to artisanal gold minoagurred in Zamfara State, North-western Nigeria in
2010 and resulted in the death and morbidity of @@® and 1,000 children respectively [7].

Disorders associated with lead poisoning have beorted in some body systemsof human and animals.
The cardiovascular, renal, nervous and reproduslygéemsare mostly affected. The adversities af lea
are more felt in infants and children with sigréfit impact on brain development and associatedceedu
intelligence quotient [8]. Lead poison is acquirgthinly through the oral route. Gastrointestinal
absorption of lead was estimated to be about 40€hildren, 10% in ruminants and 3% in non-ruminants

[9].

Previous experimental studies have demonstratediation of the adversities of lead poisoning bg th
administration of Vitamin C or other anti-oxidar{t]0,11]. Most of these studies have focussed on
ratsand mice whereas the rabbit has been acknoadetly be a good model for male reproductive
toxicology studies in humans [12]. Besides, thebitals also prone to lead poisoning from paintsdutse
prevent rusting of the wire gauze cage. The ainthefstudy was to evaluate the effect of vitaminrC o
semen quality and testicular histopathology of itsbdxperimentally intoxicated with lead.

MATERIALS AND METHODS

Experimental Animals and their management

A total of 9 maturemaleChinchilla and one femalevNgealand White rabbits were used in this study.
The rabbits were sourced from a commercial ralaboihfin Ikot Ekpene, Akwa Ibom State, Nigeria. They
were housed individually in an iron cage of abo&itnif per rabbit. The rabbits were fed with pelletized
feed (Vital feed, Nigeria) and had access to waserlibitum. They were acclimatization for 3 weeks
before the commencement of the study. During tkisod, the rabbits were treated for both intermal a
external parasites with lvermectin injection, (Pemtir®) administered at the dose of 0.04 mg/kg through
the subcutaneous route

Experimental Design

The nine male rabbits, weighing between 1.5 Kgaidkg, were randomly assigned into three groups (A
— C) of three rabbits each. The first group (A)vedras the control and received only drinking water
throughout the experimental period. The secondm(8) was treated with lead acetate (Sigma, Aldrich

UK) at 10 mg/kgin drinking water while rabbits ihet third group (C) received a combination of lead
acetate (10 mg/kg) and Vitamin C (500 mg/kg) imkimg water. The choice of lead dosages of 10
mg/Kg body weight and 500 mg/Kg Vitamin C were lthem results of a previous study with lead

acetate and vitamin C in rats [13]. Rabbits in eaictine three groups received their treatmg@etsos for

a period of 42 days.

Semen Collection
The rabbit-bucks were trained to ejaculate intdieigl vagina (AV) during the acclimatization ped of
three weeks. The AV was used to collect semen fatinthe animals for baseline data just before the
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commencement of treatment and repeated at the fetiek dreatment period. The AV was specifically
constructed using a small plastic pipe and condenmnaer lining. Briefly, after the rabbit-buck had
mounted the rabbit-doe, the AV was gently slippeétont of vagina and the buck penis was insentéal i
the AV for ejaculation as was described in previstusly 1141, It was necessary to warm the instrurnen
38°C in order to perfectly mimic the body temperataf the vagina just prior to each usage while the
glycerol (placed inside the condom) caused expar@idche condom and subsequent thinning of the AV
lumen to exert a pressure on the buck penis wheastinserted.

Semen evaluation

Semen macroscopic parameters that included senmtemepcolour, consistency and pH were evaluated
according to standard technique [15]. The semeoucalas graded as 3.0, 2.0 and 1.0 for creamy,ymilk
and watery colourations respectively. The consgstestale ranged from 1 to 4 where 1 stood for water
2 for slightly thick, 3 for thick and 4 for very itk.Microscopic evaluation of spermatozoa motility,
semen concentration, liveability and spermatozoaphmlogical abnormalities were also determined as
was described in previous study [16].

Histology of the Testis

At the end of the treatment, the testes were heedand cut into strips of 1 cm long, and processteda
paraffin-embedded tissue section according to stahtechnique with little modification [17]. Brigfl
testicular tissue sections were placed in a Bowgalation for 24 hours before subsequent dehydratio
ascending grades of ethanol. Thereafter, the sanmee cleared overnight in chloroform, infiltrataod
embedded in molten paraffin wax. The blocks weterlgimmed and paraffin-embedded samples were
sectioned at 5-6 microns on to a super frost slide.

The protocol for processing the tissue sectionhenstide for Haematoxylin and Eosin staining (H & E
had been described in earlier study [18].Brieflye tsections were de-paraffinised in tissue clearing
reagent, Histoclear (Fisher Scientific, Loughbotoud/K) for 30 minutes and rehydrated in a graded
series of ethanol of 100%, 95%, 70% and 50% forifb @ach. The slides were then incubated in 10%
(v/v) Gill's Haematoxylin (Park Scientific Ltd., Mthampton, UK) in distilled water (di®) for 4
minutes. They were then dipped in 1% (v/v) acetid &n ethanol for 30 sec before staining in 1%wvjw/
Eosin (Sigma) in dkD for 1 min. The slides were washed in slow runnirager for 5 min between each
step. Finally, sections were dehydrated in gradeshals (100%, 90% 70%, 50% and 50% for 5 minutes
each) and mounted with Vecta Mount permanent mogmntiedium (Vector Laboratories, Peterborough,
UK) before applying coverslips.

Statistical analysis of data

The data obtained from the study were presenteshess + standard error of mean (SEM). For each
group, pre-treatment data were firstly compared wibst treatment data using paired student’s t test
while the data of all the three groups at the ehtteatment were compared using analysis of vaganc

(ANOVA) with the aid of SPSS 20 (Chicago, IL, USAyalues of P less than 0.05 are considered
significant. When P is less than 0.05, Bonferroraswchosen for post hoc analysis of individual

comparison of treatment groups.

RESULTS

Semen macroscopic parameters

Semen macroscopic parameters evaluated are présentable 1. Semen volume ranged between 0.50
ml and 1.25 ml before the treatment in all the éhgeoups. Mean semen volume in group A before and
after the treatment were 0.67 + 0.17 ml and 0.70.H5 ml respectively, while that of group B was
significantly (< 0.05) reduced from 0.73 + 0.03 ml before treatm@en®.46 + 0.11 ml after the
treatment. In group C, reduction of semen voluroenfi.03 + 0.22 ml before treatment to 0.64 + 0.28 m
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after treatment was not significapt¥ 0.05) and the latter was also similar to the p@sttment values of
control group.

Semen colour of control group was creamy before aftet the treatment with average grade score of
3.00 = 0.00. Group B had creamy coloured semenrgs2®3 + 0.33) prior to treatment which turned
milky (score 2.00 + 0.00) at the end of the expenin whereas the creamy colour of group C (2.66 +
0.33) was unchanged at the end of treatment (3@O&respectively) and hence, was not signifiga(ul

> 0.05) different compared to the control.

Group A had semen consistency grade score of 3@OG(thick) before and after the treatment. Group
B had an average score of 2.83 + 0.66 prior tdrireat which was reduced to 1.00 + 0.00 (slightigkh

at the end of the experiment. On the other harelsémen consistency grade scores for group C before
and after treatment were 2.53 + 0.66 and 3.00 & (ifick) respectively with no significantly diffence
between the two values and compared to the patriest value of group A.

The pH of the semen before treatment in all theglgroups tended towards neutrality (7.0). Groumé
pH of 7.50 + 0.00 and 7.54 + 0.57 before and dftertreatment respectively. pH of Group B signffiita
reduced from 7.53 + 0.01 before the treatment@d %.0.09 (acidic) at the end of the treatment. pHe
of group C did not significantly changed beforé&sé7+ 0.04) and after (7.53 £ 0.04) treatment.

Table I. Semen macroscopic parameters in rabbits toxicated with lead and treated with vitamin C
and their controls.

Control Lead(Group Lead + Vit C
Group A B Group C
Semen Volume (ml) Before treatment 0.67 £0.17 0.73 + 0.*03 1.03£20.2
After Treatment 0.70+0.15 0.46+0.1% 0.64 +0.28
Semen colour Before treatment 3.00 £0.00 2.63 + 0.*33 2.66 80.3
After Treatment 3.00+0.60 2.00+0.08 3.00 +0.00
Semen consistency Before treatment 3.00£0.00 2.§3 +0.66 2.5360.6
After Treatment 3.00+0.00 1.0 +0.00 3.00 +0.00
Semen pH Before treatment 7.50£0.00 7.53 % 0.*01 7.54 40.0
After Treatment 754 +0.57 5.04 +0.09 7.53+0.04

*Different superscript on the same row denotesiigmt difference ap > 0.05compared to the control
while presence of “*' along the column indicategrificance difference ap > 0.05 between pre-
treatment and post-treatment values of the samepgro

Semen microscopic parameters

The percentage sperm motility in the control gréupefore (69.5 + 7.3%) and after (69.0 + 6.6%) the
treatment did not significantlyp(> 0.05) differ from each other. On the contrargréhwas a significant
(p < 0.05) reduction in group B from 74.0 + 2.1% beftreatment to 32.3 £+ 8.3% after treatment. At the
same time, no significanp®¥ 0.05) change was observed with group C before (85.5/%3.and after
(84.7 + 8.4%) the treatment and when compared tivélcontrol. Percentage spermatozoa motility of

Group B was also significantly lower than thosetoarand group C at the end of treatment.

The percentage viable spermatozoa of the contrplgdup B and C were 79.4+ 3.2%, 84.1 + 1.05% and
91.1 £ 2.26 % before the treatment. After treatmémtre was a significantlyp(< 0.05) reduction in
group B (56.3 + 3.8) compared to the control (88@6 %) whereas a significam ¢ 0.5) increase was
observed with group C at the end of the treatn@hB(+ 7.20%) compared to the control.
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Prior to the treatment, the spermatozoa conceotrati group B (106.26 + 3.03 x ¥Ml) and group C
(104.30 + 1.03 x 1%ml) treatment groups were not statistically diéier @ > 0.5) from that of the control
(113.10 + 3.40 x 1%ml). After the treatment, there was no significahinge in the sperm concentration
of the control (119.00 + 2.57 x ¥Ml), while significant p < 0.05) reduction and increment were
respectively observed with group B (30.00 + 1.320¥ml) and group C (150.00 + 13.00 x°t@l) and
these differed significantlyp(< 0.05) from their pre-treatment values. In addifibthe spermatozoa
concentration of group B was significantly (p >%).®wer than that of control and group C.

Various abnormalities were observed in the spermoaf the experimental rabbits and these were
mostly head and tail defects with a few cases inugl the mid-piece. The percentage of abnormal
spermatozoa was similar before and after treatrimettie control (group A). In group B, there was a
significant @ < 0.05) increase in percentage of abnormal spemoatérom 1.6 + 0.0.8 % before the
treatment to 31.1 + 8.2 % after the treatment, eagrthe percentage of abnormal spermatozoa op grou
C was not significantlypg > 0.05) different before (1.8 £ 0.6%) and after theatment (3.2 + 0.9%).
Similarly, the percentage spermatozoa abnormalitiegoup B was significantly (p > 0.05) higher tha
those of group A (control) and group C.

Table 2. Semen microscopic characteristics in Rabbiintoxicated with lead and treated with
vitamin C and their controls.

Control Lead Lead + Vit C
Group A Group B Group C
Motility Before treatment 69.5+7.3 740+2.1 85.5+ 3.7
Spermatozoa X
(Score: 1-100%)  After Treatment 69.0 + 6.6 32.3°+83 84.7 +8.4
Percentage live Before treatment 79.4+ 3.2 84.1+1.05 91.18622
spermatozoa
(Score: 1-100%) After Treatment 8370+ 0.6 56.8+3.8 95.8+7.20
Spermatozoa Before treatment 113.10+3.40 106.26+3.03 104.30*7.03
Concentration
(x 10°/ ml) After Treatment 119.060 £ 2.57 30.00 +1.32 150.00 + 13.00
Before treatment 19+0.1 16+0.8 1.8+0.6
Spermatozoa

*Different superscript on the same row denotes iBgnt difference atp < 0.05 compared to the
controlwhile presence of *' along the column indies significance difference between pre-treatment
and post-treatment valuegat 0.05.

Testicular histopathology

Evaluation of the testicular histology of the cahtgroup at a lower magnification showed a uniform
morphology of the seminiferous tubules andSertellisan close association with the germ celllingha
control group (Figure 1A).On the other hand, groBpshowed a conspicuous distorted testicular
morphology with a lot of spaces within the semirdfes tubular (ST)lumen indicative of absence of
spermatozoa (arrow in Figure 1B). Group C showbdtter testicular histo-morphology almost nearest t
that observed in the control (Figure 1C).

At higher magnification, the control animal hada@mal testicular morphology comprising of ST which
are active containing the germ cell lines at vasistages of development from spermatogonia atdke b
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of the tubule which undergo division and differatibn as they progress to the luminal compartment.
Spermatozoa were also observed at the central lumhehe ST as a brand of wave-like structure

(Figure2A). In group B, the pathologies were vetyious and included desquamated seminiferous
tubular epithelium, presence of cellular debrighe centre of tubules (arrow in Figure2B) instedd o

spermatozoa and disappearance of Leydig cells enirterstitium (Figure 2B). Group C had some

spermatozoa in the ST and moderate degeneratitire afeminiferous epithelium compared to the group
B (Figure 2C).

Figure 1.Histological sections of testes of rabbitseated with water (A), lead acetate (10 mg/kg) (B
and lead acetate (10 mg/kg) and vitamin C (500 mgdk (C) for 42 days. (x 4) Haematoxylin Eosin
stains.

DISCUSSION

Lead poisoning has been recognized as a majorcphiblalth risk in both developed and developing
countries although emphasis has always been onopévg countries where appropriate measures are not
in place to contain human exposure to the metgRf]9O0ral administration was used in this studysi

the oral route via drinking water has been repaostethe amajor route of exposure of humans andadsim
to lead poisoning [21,22]. According to the NatibRasearch Council [9], gastrointestinal absorptidn
lead was estimated to be about 40% in children, fD%aminants and 3% in non-ruminants. Following
absorption, almost 99% of the lead binds to ergtytes while the remaining diffuse into soft tissaesl
bones, where they equilibrate with blood lead. €h&er, the accumulation of lead in erythrocytedt s
tissues and rapidly growing bones are mostly resiptfor its toxic effects [19].

The semen volumes obtained in the control, lear(po treatment) and lead + Vit C are at par with
those of previous reports [23,24]. At the same fietkiced semen volume with the lead group in this
study is consistent with observation of previougd&s [25,26]. Semen volume has a direct assooiatio
with total spermatozoa concentration while extrgnelv volume is observable with frequent ejaculate
collection within a short time [23] and is usualgssociated with values below the minimum
concentration and failure of spermatozoa to besprarted into the uterus and oviduct, sequel to wkdic
fertilization failure. pH is a measure of aciditpdaalkalinity with normal semen tending towards
neutrality while acidity is more detrimental to ssmthan alkalinity [27]. The low pH of the lead gpo
(in the range of 5.0) is detrimental to spermatoxwsility necessary to propel it to the oviduct andy
also interfere with its functional capacity sinamotlow intracellular pH does not allow for sperm
capacitation [28].

25



The results of spermatozoa motility, viability, cemtration and percentage abnormalities obtaindiisn
study prior to the commencement of the treatmeméeagvith previous reports in rabbits [29]. The
significant reduction in spermatozoa motility obsst with the lead treatment compared with the @bntr
also agrees with previous observations in the 3@}, [mice [31], bull [32], deer [33] and human [25]
Alexaki et al. [32] demonstrated the adverse effects of lead dirsbmenin vitro. In humans, these poor
semen characteristics are similar to findings ithdow and high exposure to environmental lead [34]
especially when the lead plasma concentration és &0 pg/L [35]. On the contrary, Willenasal. [36]
failed to observe any significant deleterious dffacsperm characteristics of rabbits after leagdosxre.
The difference may be associated with differenteaaf administration (subcutaneous versus oral) and
the much lower dosages of 0.25 mg/kg and 0.5 md &tate/kg body weight used in their study
compared to 10 mg/kg body weight used in this study

Vacuolation and

disruption of 5T

Spermatozoa in ST lvymen Blood wvessel

Fewer spermatozoa
Leydig cells Empty lumenof 5T | Cellular debris inthe STIUTEH

Figure 2. Testicular histopathology of rabbit tests in control (A), lead (B) and lead+ VitC (C)
groups (x 200) Haematoxylin Eosin stains. Comparetb the control with intact testicularhisto-
morphology, vacuolation, cellular debris and absere of spermatozoa were seen in the lead group
while the lead + Vit C group had few spermatozoa ahmoderate degeneration of the seminiferous
tubular parenchyma.

Motility is an important semen characteristic tligtermines the potential of ejaculated spermatozoa
getting to the isthmic-ampullary junction of theigwct where fertilization usually occurs[37]. Acdarg

to Zamjanis [35], there are four major categoridsnmtility exhibited by sperm cells, namely:
progressive, rectilinear motility in which the spercells move rapidly in straight forward direction;
circling motility that involves movement in circldue to defective mid-piece or tail; reverse ciglin
movement that denotes movement in backward diredicd finally pendulation movement in which
spermatozoa exhibit jerky, serpentine motility with showing marked progress. Semen is usually
deposited at the vagina or the uterine cervix dépgnon the species. Therefore, there is needhier t
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spermatozoa to move through the ‘hurdle’ of cemixd uterus as well as uterine horn before getting t
the point of fertilization in the oviduct. The diial implication of the circular motility exhibitech the
lead treated group agrees with previous obseratafriead treatment in rats [39] with failure okth
spermatozoa to reach the oviduct.

Sperm concentration in rabbit-buck varies sligltthpending on the body weight and breed [40,41]. The
value prior to treatment in the treatment groupd #mat of the control rabbit-bucks were within esarl
reported ranges [29], while reduction in spermag&ozoncentration of the lead group after treatment
agrees with Nahat al. [25]. Reduction in spermatozoa concentration isallgwassociated with loss of
fertilizing potential of the spermatozoa.

Sperm cells are produced within the seminiferobsiliel of the testes. The presence of necrosis drat ot
histopathological lesions within the seminiferoubule of the lead group reported in the preserdystu
agree with previous studies [42,43,44]. Similargision of histo-architexture of the seminiferoubule
and the epididymis was reported in experimental lg@isoning in the rat [42]. The degeneration @& th
testicular cells found in this study is similarttee observation of Saxemfal. [43] in growing rat with
consequent implication of affecting steroidogenesis-a-vis spermatogenesis. The absence of
spermatozoa in the seminiferous tubule lumen of [¢e& treated group is a pointer to arrest of
spermatogenesis in the present study. On the cgntheere was restoration of poor semen charatiteyis
in the lead + Vit C group with improved spermatogoality and testicular histopathology comparecwit
the lead group. These results are consistent wiibrts of earlier workers [45,46,47]. The restorainf
steroidogenic enzymes (such ag3-hdroxysteroid dehydrogenase) activities by vitarlinhas been
observed in a previous study [48].

Reproductive effects of lead are complex and invatwiltiple pathways. Many hypotheses have been
suggested to explain the mechanisms through wieiatl hdversely affects reproduction. One of such
mechanisms is the reduction in semen parametehsasuspermatozoa motility, liveability, concentati
and associated increased percentage spermatozoralities as observed in this and other studies. T
possible mechanism by which lead causes adversetafh spermatogenesis may be due to anaemia
which is a consistent observation in lead poisorj#fy]. Lead in the blood has a direct effect on the
oxygen-carrying capacity of the blood by causinduaed hemoglobin concentration [50]. Reduced
supply of oxygen to the testicular cells impairsgtigular cell survival and their functional capgcit

The pathological testicular lesion observed inldas group may not be due to direct localisatioteaf
within the testicular tissue since previous repatiggest that blood-testis barrier is able to ptote
testicular cells from direct exposure to high levef blood lead [51]. On the contrary, a study in
Bangalore, India involving occupation lead expogigtected lead in the semen of lead workers wisich i
suggestive of a compromise in the integrity of kldestis barrier especially at higher lead dosés [2
Another mechanism by which lead may induce poor eseroharacteristics and causing testicular
histopathology is the oxidative stress associatititl generation of reactive oxygen species (ROS)thad
loss of sperm defence capacity to cope with suglss{52]. Sperm cells, like other cells, contaiarge
number of antioxidants to prevent or repair the agencaused by ROS, as well as regulate redox-
sensitive signaling pathways [53]. Reactive oxyggrecies inhibit the production of sulfhydryl
antioxidants, inhibit enzyme reactions, damageseimiacids and inhibit DNA repair, as well as iaithg

lipid peroxidation in cellular membranes. Lead xiation induces oxidative stress and promotes the
generation of hydrogen peroxide [54].

Reactive oxygen species produce adverse effectspenm viability, motility, DNA fragmentation,
membrane lipid peroxidation, capacitation, hypevation and acrosome reaction [33]. Lead and
cadmium were reported to cause an increase in B@$ehating testicular malondialdehydes (MDA) and
decrease in activities of the testicular antioxtdenzymes, superoxide dismutase (SOD), catalase,
glucose 6 phosphate dehydrogenase (G6PDH) andtlgauia-S-transferase (GST) in mitochondrial
and/or post-mitochondrial fraction [48].

27



Vitamin C is an anti-oxidant and this is a possibechanism for restoration of all semen charadiesis
and testicular histopathology induced by lead purspin the lead + Vit C group. The administratimin

Vit C reportedly reduced the generation of excess®active oxygen species due to lead-associated
oxidative stress in rat spermatozoa [52,55]. Funtloee, the administration of Vit C in drinking wate
significantly reduced anaemia caused by lead in&dian in experimental Sprague Dawley rats [49]
possibly by elevating the haemoglobin concentratiomd erythrocyte antioxidant enzymes such as
superoxide dismutase [45]. In addition, Litenal. [56] reported the use of high doses of vitamin C to
accelerate the excretion of lead in body of ratpeexnentally exposed to lead poisoning. Such
elimination of lead from the body system is essgmt elongate the time it takes for the lead totgehe
threshold of causing deleterious effects.

In conclusion, therefore, the results of this stsdggest that exposure of rabbit to 10 mg/kg ofl lea
acetate caused reduction in semen characterigtatsincluded reduced motility, concentration and
viability of spermatozoa and increased number @frrsatozoa abnormalities with degeneration of the
seminiferous tubule and adverse effect on spermeatsis. The addition of Vit C at 500 mg/kg was able
to reverse the poor semen characteristics withmahpathology on the testes. This suggests that\at
the dosage used in this study could effectivelylmwate the adverse effects of lead poisoning anese
characteristics and testicular histology in rabbit.
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