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ABSTRACT

Di-n-butyl phthalate (DBP) is an environmental pddint, widely used as a plasticizer in various pro including
plastics and cosmetics. Previous studies have tegtiedhat DBP has potential reproductive toxicityainimals and
humans. The present study was designed to investtha effect of DBP on histological, heamatolobiand
reproductive markers in adult male rabbifhus, 24 adult male rabbits Oryctolagus cuniculesendivided into
four groups. DBP was administered to each grougayage at doses of 0 (control), 250, 500 and 75(kgiday
for a period of 4 weeks. The results revealed aifigant reduction in the weight of testes, epidiiy and also in
the number, speed, mobility and vitality of speancompanied with a significant decrease in morpbiial
changes of flagellum in the treated groups compapezbntrol group. Moreoveg significant decline was observed
in the mean of red blood cells counts, haemat@srd hemoglobin in all treated groups compared ® tbntrol.
The DBP has decreased the level of testosteroneanmsked histological alterations in the seminifey@pithelium
and the epididymal tubules. In conclusion, DBP exgpe disturbed reproduction of adult male rabbitdiich was
dose-dependent.
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INTRODUCTION

Phthalates are a high production volume group ehtbals used as plasticizers in an extensive rahgeoducts
that we use in everyday life. They have been deteitt many biological fluids including saliva andner, also in
cord blood and amniotic fluid of the general popalafl- 2]. One of phthalates, Di (n-butyl) phthalate (DBP)ais
ubiquitous environmental pollutant, used extensivad a plasticizer in many products and as a sblaad is
suspected to be an endocrine disruf@grThe major route of human exposure to Di-estehglhtes is through the
ingestion, and other routes including inhalatiod aermal contact4-5]. Mono-butyl phthalate (MBP), the active
metabolite of DBP, is formed by intestinal hydr@asipon ingestion and is quickly absorbed in the@ju It has
been found to be the active toxic metabolite of QB Previous studies have shown that the toxic effacainimal
models have been characterized by changes in lskelbdnd sperm counts and in provoke testiculapdiy.

DBP is known to affect male fertility, cause testér atrophy in young raf8-9]. In adult rodents, exposure to DBP
and other phthalates caused pathological and hisiché changes in the tes{is0]. Oral administration of DBP to
male rats can produce testicular lesions charaety sloughing of germ cells, vacuolization oftSlecells, and
testicular atrophy11-12]. Although abnormal maturation and death of gerfis @e the most common adverse
responses in the rat testis exposed to phthaldesSertoli cell appears to be a primary targetaféoxic action of
these chemical$l3]. DBP also induces histopathological changes witéminiferous epithelium in rats and
rabbits, including widespread germ cell loss, védigation of Sertoli cell cytoplasm, Leydig cell hgyplasia,
dysgenetic seminiferous tubules, and atypical geths resembling carcinonia situ cells[14].
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DBP has well defined anti-androgenic effects byrifgring with the production of testosterofis]. However,
many studies have suggested that the phthalatasarsignificant morphological and biochemical atems prior
to the loss of zinc in the tes{is6]. Recently, there are growing concerns regardiegdkicity of DBP exposure on
male reproductiofil 7].

The objectives of this study were to determinerdp@oductive effects of DBP on adult male rablityctolagus
cuniculus It is still relevant with the fact thahe levels of human exposure to DBP ranged from @©8.13 mg/ kg
[18]. In this study, we selected the rabbits as spediesperiment because the function of rabbit'sedpctive is
better approximate the comparable function of humegmoductive. Furthermore, use of rabbit facéisamultiple
evaluations semen motility and quality. The usdhid species belonging to an order of mammals (fampha)
different from that of rodents (rodentia), also mddes the issue that phthalate-induced effectemmductive
function may only be rodent-specific. Thus, malebrebwere exposed to DBP at a dose level knowrdt@isely
affect testicular function in rodents without caugssystemic toxicity.

MATERIALS AND METHODS

Animals

Twenty four male adult rabbi®ryctolagus cuniculugged between 6 to 9 months, weighing 1800 * 13@og)
Annaba region (eastern Algeria) were used in thieeoti study. Animals were housed in the Departnoéitnimal
Biology, Annaba. The room was maintained at a 1Rpht-dark cycle at approximately 19-21°C and 400846
humidity. Animals were kept in special cages (580xx 53 cm); they provided food and wadet libitum until the
time of sacrifice.

Study Design

The rabbits were divided into four groups, each posmg 06 individuals; all animals acclimated foweek before
the period of treatment. Dosing solutions of DBRevprepared by diluting DBP (CAS 84-74-2, 99.8%epBM:

278.345, density: 1.047) in deionized water. RabinitDBP-exposed groups were given DBP at a do250f 500
and 750 mg/kg/day (5 ml/ kg body weight), by oralvgge for 4 consecutive weeks. Rabbits in the obghoup

were orally administered corn oil in the same vadufor 4 consecutive weeks. The total body weight vezorded
weekly throughout the study period.

At the end of the exposure, the rabbits were seedf Blood samples were collected by decapitatising EDTA
as an anticoagulant for determination of selectadnatological parameters. The testes and epididyweire
immediately removed and weighed. One side test@®pitidymis of each rabbits was used for histalalgstudy.

Assay of Testosterone

Serum was prepared by centrifuging at 2000 g at #0€10 min and was stored at -20 C° prior to gsial The
serum concentration of testosterone was deterntiyedsing enzyme-linked immunosorbent-colorimetriethod
using (testosterone ELIZA kit]LP].

Sperm Analysis

Rabbit's sperm were assessed in cauda epididymthébynethod given in (OMS, 199B)0]. The left epididymis
removed at the sacrifice of each rabbit, and aldtdgul) of the sperm is added to d9%f 0.9% NacCl to obtain a
solution in order which is used to study the comedion, speed, motility, vitality and malformat®of sperm as
follow:

Sperm concentration: a droplet of solution wasomticed in Malassez cell and then sperm was cowmedr
optical microscope.

Sperm motility: a droplet of sperm is depositedaoslide and covered with a coverslip, then100 speomnted to
record the percentage of sperm motility.

Sperm speed: the travel time of a sperm was caéulilbetween 02 lines of Malassez cell using a amater to
calculate the speed.

Sperm vitality: vital staining technique is detenad by the count of colored and colorless sperntbrie fields of
view, and then the percentage of each categorgr@iland colorless sperm) was calculated.

-Hypo-osmotic swelling of sperm technique: a dropesperm was added into solution of fructose aadium
citrate. The percentage of sperm showing changd®iform of flagellum were calculated.
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Histological Evaluations

After sacrifice, testes and epididymis were fixadBiouin’s solution and dehydrated with 70% ethafidle tissues
were fixed in paraffin, and then 5 mm sections wareand mounted onto slides. The slide section® wkined
with haematoxylin and eosin. The histological feasuof the testes and epididymis were determineagiical

microscopy[21].

Statistical Analysis
All values tested in this study were expressed aammt+ S.E (n=6). Differences between the contra tre
treatment groups were determined using a one-wa@¥AAL p< 0.05 was considered statistically significant.

RESULTS AND DISCUSSION

DBP is a ubiquitous environmental contaminant, hairage constantly exposed to DBP through food, water
contact with a many producf2]. Although the doseased in our study were higher than the levels founthe
general environment, it should be considered thapfe are exposed to this chemical throughoutrtiseclife-time.
The lipophilicity and long half-life of DBP couldesult in his accumulation to ultimately high levéisthe body.
This chemical was administered orally in this stuglycause human exposure to this chemical pririgipaturs by
this route[23].

In the actual study, no obvious signs of toxicitgres observed throughout the experiment. Also, tB® Breatment
has no adverse effect on total body weight or foodsumption. However, the body weight is decreaseds0
mg/kg of DBP in the last week compared to contr@ug (Figure 1). The weights of testes and epididywere
decreased after treatment with DBP at 500 and 7&Bgrfday compared to the control (Table 1). Accogdwith
these results, Srivastava et al. (198®)] have investigated that DBP exposure in male @tidad a reduction in
testes weights. However, the weight of the testesat is largely dependent on the mass of the rdiffiéated
spermatogenic cells, and the reduction in the weimfhthe testes may be due to the reduced tubule, si
spermatogenic arrest and inhibition of steroid ymbisesis of Leydig cell§24]. In addition, the changes of
epididymal weight were consistent with the changéepididymal histological structure. Epididymal iget is
largely dependent on the mass of the epididymallasband sperm; the observed reduction in the éyriaal weight
might be due to the atrophy of epididymal tubuled decreased number of sperm in its lumen. Fah stiggested
that the reduction in the weight of accessory rdpetive organs is an indicative of reduced avdlitybiof
androgens in the rat mg5].
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Figure 1: Total Body weight (g) of male rabbits afer administration of DBP for 30 days is shown
Results are expressed as the means 1S.E.M. (nt#)st®ally significant differences were determirgdone- way ANOVA; (a) Indicates value
differs from control by $0.05

Table 1: The effect of DBP on the organ weight (téss, epididymis) of male rabbits after 30 days of¢atment

Organs weight DBP (mg/kg/day)
Control group 250 mg/kg 500 mg/kg 750 mg/kg
Paired testes (g) 3,245+ 0,148 3,053+ 0,175 2,678+ 0,298 2,566+0,256
epididymis (g) 0, 6552 + 0, 0501 0, 6354+ 0,042 0, 599620, 0262 0,55040

Abbreviation: DBP, Di-n-butyl phthalate. All valuase expressed as mean +S.E (n=6).{0P05 versus control, **R0.01 versus control)
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Recent interest in phthalates has focused on bettoiic effects to male gonads and hemolysis @fleod cells
during blood storage. It was proposed that theictdar toxicity might be associated with hypoxiaedto
hemoglobin deprivation induced by the metabolit®8&P in the male rg26]. In the present study, administration
of DBP for 30 days caused a reduction in red bloelfs counts, heamoglobin and heamotochrit conagoir
(Table 2). It is conceivable the MBP may decompidBedirectly after crossing the erythrocyte membrand the
MBP treated erythrocyte by reducing the bindingnéff of heamoglobin for oxygen causing anopdd].

Table 2. The effect of DBP on haematological pararters of male rabbits after 30 day of treatement

DBP (mg/kg/day)

parameters Control 250 mg/kg 500 mg/kg 750 mg/kg

RBC (10*/) 6,514 +0,61 6,31 +0,53 5,908 £ 0,277 5,73 + @29
HB (g/dI) 118,6 £ 15,8 105+ 11,8 94+11,8* 90+12¢9*
HT (%) 36,99 +2,04 36,29 +1,8 35,08 £1,09 34,11,56F
WBC (10%1)  12,29+0,414 12,738 £ 0,543 12,942+0,561 13,018 + 0,643
PL (10°) 432,8+62,4 439,6+63,6 454,8+60,8 465,452
MCV (fl) 57,6+2,07 56,8+1,92 56,2+1,79 55,58
MCH (pg) 20,02+1,04 19,62+0,746 19,36+0,817 19,16+1
MCHC (g/dl 414114 42,4+14.,8 340,6+8,38 337,2+9,63

Abbreviation: DBP, di-n-butyl phthalate; RBC, relbtd cells; HB, haemoglobin; HT, haematocrit; WB@ite blood cells; PL, platelets;
MCV, mean corpuscular volume; MCH, mean corpusché@moglobin; MCHC, mean cell haemoglobin conceiuma All values are expressed
as mean =S.E. (n=6). (*B0.05 versus control,**R0.01 versus control)

Sperm evaluation is a useful indicator for assessie effects of environmental pollutants on thpreductive
function of the testis in experimental animals dndnans. The parameters of sperm (concentrationilitjmot
vitality, speed) are presented in (Table 3). Thaulte are shown a significant reduction in the nemimotility,
vitality and speed of sperm between treatment gg@gmpared to the control group. It has been reghtlis as a
consequence of damage to the seminiferous epitheRrevious to this work, it was known that somé¢hplate
esters affect adult testes and reduce sperm piioduntrodentg28]. The reduction in the sperm count might be due
to the reduction in gonadotropin levels. Moreowtult male hamsters given diethylstilbestrol showesignificant
decrease in gonadotropin levels, leading to theeamed spermatogenic cell apoptosis through thpresgion of
testosterone levgR9]. The wide-spread germ-cell loss in the seminiferepishelium of the testis appears to result
from Sertoli cell dysfunctiofi30, 31]. An increased of apoptosis of germ cells has atmmbfound to be associated
with the toxicity of Phthalate monoes{82], which may be responsible for loss of spermatogesiiis in the testes.
However, in adult rodents, the Sertoli cell is likely cellular target for testicular injury medéat by the monoester
of this moleculd13].

The motility of sperm decreased after DBP admiat&in in the male rabbits (Table 3). According witis result,
Duty et al., (2003)[33] found an inverse dose-response relationship betweenobutyl phthalate (MBP), a
metabolite of DBP, and sperm motility. A signifitareduction of sperm vitality is also investigatiedthis study
(Table 3). This result may be explained by the dysfion of Sertoli cell. Boekelheide (2004) invgatied that
phthalates exposure to rats inducing abnormal ratiur and death of germ cells and the Sertoliaygtlears to be a
primary target for a toxic action of these chengd¢aD]. In young rats, exposure to mono-(2-ethylhexyl)halkdte
resulted in collapsed filaments of vimentin cytoskah in Sertoli cells and germ cell slough[B8g].

Table 3. The effect of DBP on sperm parameters in ahe rabbits after 30 days of treatment

Parameters of sperm DBP( mg/kg/day)
Control 250 mg/kg 08 mg/kg 750 mg/kg
Concentration (X106/ml)  409,2+12,4 368,8+18,6 291,8+13,5" 197,5+11,6
Mobility (%) 62,545,24 50,33+2,88 30+3,58" 18,5+3,62"
Speed of sperm (um/sec)  49,3+2,74 42,61+2,6 22,24+1,84" 15,24+2,07"
Vitality (%) 68,71+31,71 34,29+65,71 2575”7 16,57+83,43'

Abbreviation: DBP, Di-n-butyl phthalate. All valuase expressed as mean £ S.E (n=6).<8F05 versus control, **R0.01 versus control,
***pP <0.001 versus control)

The morphological changes characteristic of spetpoged to hypo-osmotic stress are presented inl€TgbWe
founded a significant reduction in the modificatiohflagellum of sperm category (A, B) between theatment
groups compared with the control group. Howeveg ttormal sperm was increased in the treatment group
compared to control group. The reduction in morpgimal changes of flagellums in the treatment gsoimglicates
the adverse effect of DBP in sperm vitality by éagsnjury in the membrane of flagellum.
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Table 4: The morphological changes characteristicfeperm exposed to hypo-osmotic stress in male raitbafter 30 days of treatment

Morphological DBP(mg/kg/day)
changes Control 250 mg/kg 500 mg/kg 750 mg/kg
A 26,21+ 6,74 14,04+ 6,7 6,87+ 4,44 5,81+3,9T
B 27,86 +3,34 18,76+4,68 13,09+ 7,92 9,68+6,48
C 11,54 £ 3,75 9,34+8,69 9+2.9 5,04+4,9
N 34,36 +7,14 57,85+6" 70,98+71 79,115,33

Abbreviation: DBP, di-n-butyl phthalate; A, low dification in falgellum; B, significant modification flagellum; C, modification important of
flagellum and middle piece; N: normal (death) speridl values are expressed as mean4S.E. (n=6)<(*B5 versus control, **R0.01 versus
control, ***P <0.001 versus control)

Testosterone is the principal hormone requirechdmal spermatogenesis and for inhibition of geath @poptosis
[34]. Previous studies reported that adult male rat®segh to repeat doses of DBP have been shown ati@tuc
blood testosterone level?4]. Our results revealed that DBP could reduce thecexnation of testosterone in
treatment rabbits after 30 days of treatment (). Because LH secreted by the pituitary glanthésprimary
regulator of testosterone synthesis in testes, mrssible explanation for the changes in the lewdlserum
testosterone is that DBP may decrease testost@roakiction in the testes by decreasing the LH siecrén the
pituitary gland. Exposure to high doses of DBP dased the levels of the serum hormones testostarmhd.H,
while E2 and FSH levels were increased. The chaimgserum LH and FSH levels indicate that pituithrgiction
may be affected by DBP exposure as DBP was repttaffect pituitary hormone-producing cells at ldtages in
rat[35]. In another study, administration of high dosesifadial-3-benzoate (EB) to male rats causes actiedun
GnRH secretion, causing the suppression of cinnigaevel of LH and consequently testosterone cotraéion
[36]. In vitro studies have demonstrated that phthalates canéhdirect effect on adult Leydig cell functi¢24].
These results coincided with previous studies wisitbwed decreased serum testosterone level amdpairiment
of steroid hormone metabolism after DBP expo$87g.

4 *%

*k%

*k%

control 250 mg/kg 500 mg/kg 750 mg/kg
DBP (mg/kg per day)

OFRPNWAUITO N
1

testosterone level (ng/ml)

Figure 2: Testosterone levels (ng/ml) after adminisation of DBP for 30 days is shown
Results are expressed as the means 1S.E.M. (nt@)st®ally significant differences were determirgdone- way ANOVA (**£0.01;
***P <0.001 versus control)

Histopathologically, DBP-treated of male rabbity 80 days imparted adverse effects on the semmiter
epithelium and epididymal morphology. The arrangetsi®f cells in rabbits’ seminiferous epitheliunpeged to
DBP were irregular and the inter-cellular connetsiovere not compact (Figure 3). Result indicateat this
treatment could disturb the junctions between Serédls and germ cells. Testicular atrophy mayelsplain by the
depletion of zinc after DBP exposufé] and the alteration of Vimentin cytoskeleton orgation [38], or
membrane alteration in Sertoli cells leading taigling of spermatogenic ce[38]. It is known that Vimentin is an
important Sertoli cell cytoskeleton component, &nplays an important role in positioning the Sértell nucleus
and anchoring spermatogenic cells to the seminiferepithelium[39]. Damaged Vimentin filaments were
associated with seminiferous epithelium disintegratwhich was reversed during the recovery of s¢ogenesis
after the critical conditions subsidgt/]. Epididymis is the important portion of male gehidegans, which plays a
crucial role in the storage and maturation of s@goxoal40, 41]. In the present study, the dose-dependent
epididymal toxicity induced by DBP was shown todssociated with regressive epididymal histologatalicture
(Figure 4).
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Figure 3: Histological changes c rabbit’s testis in the different treatment groups
The photomicrographs were taken at X 400 magnifindty hematoxylin and eosine staining. (A) Contatbits showed a comct and regular
arrangement of germ cells in the seiferous tubules. (B) Vacuolization of Sertolilséh rabbits treated with DBP at 250 mg/kg per. (C)
Seminiferous tubules in rats treated with DBP & &@y/kg per day showed an irregular arrangemergestn cells and absenof
spermatocytes. (D)d®bits treated with 750 mg/Iper dayof DBP showing marked a reduction in diameter aageheration of th
seminiferous tubules (ST) with necrosis of speroy&s, spermatids and defoliation of many spernyéésdnto umen (L) of the ST (dark
arrow)

Figure 4: Histological changes of the rabbit’s epiidlymis in the different treatment groups
The photomicrographs were taken at X 400 magnifioaty hematoxylin and eosine staining. 2A. Epidiidyofthe control group. 2B.
Epididymis in rabbits of 250 mg/kg dibutyl phthalate (DBP) exposure group showed noais/morpholoic changes. 2C. Epididymis in
rabbits of 500 mg/kg DBP exposure group showinggty of epididymal tubules, tiLuminawere oligozoospmic (star). 2D. Epididymis in
rabbits of 750mg/kg DBP exposure group showing the interstitiedoulal was hyperemia (arrow); theumina were oligozoospermic (st:
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In summary, these results demonstrated that expdsUPBP resulted in adverse effects on the remtbdusystem
of male adult rabbits. It has been found that DBBIa disturb the secretion of testosterone, indbhegproduction,
motility, vitality and morphology of sperm and casshistological damage in reproductive organs. heart
investigation is needed to explore the complex raeidm of action of this chemical in male rabbits.
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