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ABSTRACT

Objectives: to study the possible role of cadmium in varicocel e-associated infertility and its relation to smoking.
Patients: the study was performed on twenty infertile men with clinically evident varicocele (grade Il & I11); half
of them were smokers. In addition to another twenty fertile men without clinical varicocele and with normal semen
parameters served as a control; half of them were smokers

Methods: measuring Cadmium level in the seminal plasma using the atomic absor ption spectrophotometer.
Results: Satistically significant observed differences in seminal parameters between the studied cases and their
control regarding decreased sperm concentration and motility, in addition to increased abnormal sperm
morphology among cases (P=0.0001, 0.0001 and 0.02 respectively). A dstatistically significant high level of
cadmium is demonstrated in seminal plasma of non smoking cases as compared with their non smoking control
(p<0.0001), and in seminal plasma of smoking control in comparison to non smoking control (p<0.002).
Moreover, the level of cadmium detected in seminal plasma of infertile smokers was higher than that of smoking
control (P=0.001). Partial correlation between cadmium and seminal parameters of the studied cases and control,
in the present study, revealed that cadmium is correlated with sperm concentration and motility even after
adjustment for smoking, non smoker/ even smoker, (P=0.009 and 0.003 respectively).

Conclusions: the current study supports that environmental exposure to cadmium leads to its accumulation in
seminal plasma of patients with varicocele-associated infertility. High level of cadmium is associated with
impairment of seminal parameters. In addition, cigarette smoking exacerbates the detrimental effect of varicocele
on semen quality and the fertility potential by more accumulation of cadmiumin seminal plasma.
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INTRODUCTION in drinking water, food and aerosol sprays that are
Infertility is a reproductive health problem; it isPresent in cigarette smoké.Cadmium is a non-

defined as the inability to conceive after one yafar €SSential toxic element, the exposure to it can
unprotected intercoursB, It affects approximately adversely affect _both _male ar_ld female reproductive
10-15% of reproductive-age couples. In 25% ofystems. Cadmium in seminal plasma may be
cases, infertility is attributable to poor semerncréased by cigarette smoking as well as local
quality® The etiology of poor semen quality ig hutritional or industrial exposure. Cadmium has a
complicated. Increasing evidences suggest thHIX'C effect on many enzymes that are dependent on

chemical and physical agents in the environmeron as a co-factor, one of these being cytochrome
may affect male fertility in humarf3. P450. Leydig cells contain ten times more of

cytochrome P450 than Sertoli cells. Thus Leyding

Heavy metals induced |nfe_rt|I|ty ) cells are more sensitive to increased cadmium
Mean sperm concentration and volume in normqéve| @)

males has dropped substantially over the past 50 =~ .= . o
years® This decline in semen quality is believed tOCadmlum-mduced testicular damage is likely to

be related to environmental toxins and heavy metafeeur a_s a three-phase pr_ocess_ )
exposure. Rapid industrialization, motorized Cadmium leads to disruption of blood-testis
vehicular traffic and population growth are beligve barrier (BTB) and germ cell loss, mediated through
to increase the toxic and heavy metals release infg¢ activation of specific signal transduction
the environmen? Heavy metals exposure isPathways® Cadmium induced effects occurs in
associated with impaired semen quality due to theipree phases, five steps, as follows:

direct effect on testicular function as well ag(i) Phasel:

hormonal alterations. General population is exposedCadmium ions likely enter Sertoli and/ or germ
to cadmium which is present in contaminants foundcell via different mechanisms, such as diffusion,
Ca2+ channels or using a Cd2+/Zn2+ transporter
(step 1). Once inside the Sertoli and/ or germ, cell
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activated p38 MAPK, mitogen-activated proteinquality may be pushed into the infertile range by
kinase, signaling pathway (step 2) that casmoking. Approximately one third of the world’'s
selectively disrupt the BTB) At the same time, population 15 years or older are active smokees; th
possibly also mediated by the p38 MAPK, thesmoke cigarettes dailNeedless to say, a number of
production of proteases (e.g. cathepsin L) is alswon smokers are also negatively affected when they
induced (step 3§ inhale side-stream smoke from burning cigarétfés.
(i) Phase I1: A causal relationship between cigarette smoking and

The BTB is disrupted via degradation of thdmpaired reproductive function is highly suspected

integral membrane proteins (via the effects of&Cause smokers inhale a host of toxins such as
proteases) and/ or an acceleration of clathrifcotine, carbon monoxide, cadmium, and other

mediated endocytosis of tight junction (e_g_mutagenic compound$he fact that nicotine and its

occludin) and basal proteins (e.g. N-cadherin). Th\é(ater—so_luble metabolite (cotinine) are detectable
net results of all this contribute to the disruptiof 1€ Seminal plasma of smokers suggests that other

the BTB and Sertoli-germ cell junctions that lead t"armful components of tobz?\é:ﬁo smoke would pass
germ cell loss (step 4% through the blood-testis barrier’

(iii) Phaselll: Cigarette smoking is significantly correlated with
_ . . jncreased levels of seminal oxygen species (OS);
In order to limit unwanted proteolysis and avoi . . . .
. ) . o .. these oxidants deplete tissues and seminal fluid of
the dissolution of the entire seminiferous epitlali S I . :
antioxidants.The significant reduction of reactive

in the testis, there is an activation of c-JNK,-jun . | ioxid .
activated protein kinase ¢, signaling pathway, Whic oxygen spemes-tota_ antlox! ant cap_aC|ty, ROS-
' ' TAC scores associated with smoking can be

In _turn, stimulates  the produc_:tlon of .pr(.)teas%ttributed to the significant increase in semin@R
inhibitors  (e.g. a2-macroglobulin) to initiate

- o o) levels. The link between cigarette smoking and
recovery of the seminiferous epithelium (stef’s). increased levels of seminal ROS may be, at least in

The most common gross r_norphol_ogical changes bt related to the significant increase (48%) in
the _testls_mduced)by cadmium are: hemorrhage agg,kocytes concentration in the semen of infertile
testis weight los€) Cadmium induced histological smokerd!® An additional factor that may explain
injury on testis is dlsrupt|on of the tight junat®in why the semen of the smokers has increased
the microvessels which led to leakage of bloodscell|gyels of ROS may be the fact that cigarette
most notably erythrocytes, into the interstitiahs®, gmoke itself contains high levels of ROS such as
causing hemorrhage and ede(ﬁ’\aFurthermor_e, superoxide anion, hydrogen peroxide and
cadmium affected Leydig cells, thereby promoting @yqroxyl radicalé'® Spermatozoa are particularly
reduction in steroidogenesis, and cadmium alsg,sceptible to damage induced by excessive ROS
induced cell necrosis, for example, by production gyecayse their plasma membranes contain large
reactive oxygen species. Taken together, theggiantities of polyunsaturated fatty acids and
effects induced by cadmium exposure resulted ifhejr cytoplasm contains low concentrations of
germ cell loss, causing irreversible steriffly. scavenging enzymég)

Moreover, Cadmium has a role in prOdUCtior\/aricocele and infertility
of  varicocele-associated infertility  through Th i dentifiabl f |
disrupting cytoplasmic actin organization. It was € most common identifiable cause of maie

suggested that rising intratesticular cadmiurﬁgbferti"ty is_varicocele, a cpr_ldition of palpably
level could be associated with both loss of actilg'i“Stende.OI Veins qf the pamplnl_form plexus of the
filaments in cells of the seminiferous epitheliunda spermatic cordlt is ca_used mainly by_ reér}(%grade
increased level of germ cell apoptosis. Cadmiur00d flow through the internal spermatic vetn.
accumulation may disrupt the actin cytoskeletorEPidemiology: Varicocele occurs in approximately
which in fertile men contributes to shaping of thel®% to 20% of the general male population,
acrosome around the sperm nucleus, second functifPecially in adolescents. Varicocele occurs in 19%
of the sperm actin cytoskeleton is to effect acnso © 41% of men seeking infertility treatment and in
exocytosi€®) Cadmium in sperm appears to act as aﬁrounq_ 80% _of men with secondary infertility.
effector that mechanically accounts simultaneousi§ubclinical varicoceles are much more common than
for oligospermia that accompanies varicocele, thelinical varicoceles, being present in 44% of ferti
stress sperm morphology seen in varicocele and tHEN a}&()j up to 60% of men attending infertility
acrosome reaction insufficiency typical among meflinics.
with varicoceld® The International Agency for Pathophysiology of varicocele-induced male
Research on Cancer (IARC) has classified cadmiuinfertility: The exact mechanism of impaired
as a Category-I carcinogéh. testicular function in patients with varicocelenist
Smoking and male infertility known vyet. A n_umber of theories have_ been
roposed to explain the observed pathophysiology of

It was suggested that men with marginal Seme'\%]aricocele including; hyperthermia, Reflux of renal

Bull. Alex. Fac. Med. 46 No.3, 2010.
© 2010 Alexandria Faculty of Medicine.



F Badran et al. Alexandria Bulletin 221

and adrenal metabolites, Hormonal dysfunctiorpatients with varicoceles. This stress pattern is
Hypoxia, Abnormal blood flow, Antisperm reminiscent of, although not identical to, the
antibodies, Genetic defel¢?) cytomorphological changes in apoptdsfsAs well

Reactive oxygen species (ROS):There is as there was far more apoptotic nuclei in the
increasing evidence pointing towards the role o$eminiferous tubules of men with varicocéld.

ROS and oxidative stress in the pathogenesfy least three pathways leading to apoptosis have
of varicocele related subfertilit),ROS production been identified in animal models with varicocele:

is usually high in those with a varicocele andi) excess hedt”

improves after varicocelectomy. This increased RO&) androgen deprivation at the testicular letef?
production can deplete the defenses present in tfi) accumulation of toxic agents including the

testes and in seminal plasf. products of cigarette smoke such as cadnifém.
Role of apoptosis in varicocele-induced male Role of cadmium in varicocele-induced apoptosis
infertility: Over time, testicular cadmium levels can

Apoptosis, commonly referred to as programmedccumulate. Increased cadmium levels on the testis
cell death, is the mechanism by which all cells digide of the blood-testis barrier may exacerbate the
under normal conditions. Apoptotic cells areeffects of increased pressure, because cadmiuth itse
microscopically characterized by cell shrinkagealters the permeability of the barrier. This resutt
membrane blebbing, nuclear condensation, arfRfiema, rendering the blood-testis barrier more
fragmentation in the form of vesicles calledPorous, and causing the testes to accumulate
‘apoptotic bodies’. Apoptosis is a normalcadmium more rapidl{) It was suggested that
physiological phenomenon in most tissues, and hasadmium results in markedly high level of apoptosis
critical regulatory role. It is a prerequisite fosrmal  ultimately culminating in oligospermia, based on
spermatogenesis in mammals, and is thought fietected high testicular cadmium level in patients
ensure cellular homeostasis, and to facilitate th&ith varicocele and its significant correlation
maintenance of the balance between germ cells awdth high number apoptotic cells within the
Sertoli cells. Therefore, alterations in the apsjsto Seminiferous tubules. These values were concordant
of germ cells may be crucial in varicocele-relatedn both testes, despite the presence of a varieocel
human infertility*” Germ cell apoptosis during only on the left side. The values were inversely
normal spermatogenesis is estimated to resulten tkelated to increases in sperm concentration ocwyrri
loss of 25- 75% of potential mature sperm cells ifter varicocelectomy)
the adult testes. Apoptosis appears to affechediet Diagnosis of varicocele:
classes of germ cells, i.e. the spermatogonia, Clinical diagnosis: A careful medical and
spermatocytes, and spermatits. reproductive history is essential, and at least two
Many pathways result in apoptosis, and these semen analyses are requirgldwever, varicocele is
processes appear to be regulated on threelevels:™®  generally diagnosed on physical examinatfr>
() In the cell membrane, specific membranélinical grading of varicocele:

receptors mediate the death signals of the TNGrade 0 (subclinical varicocele): Non-palpable

receptor family, which consists of Fas and the Faseflux in the internal spermatic vein detected by

ligand. Venography, Ultrasonography, or other non-invasive
(i) At the cytoplasmic level, signal transductionmethodology?®

pathways involving cysteine proteases calledsrade I: Palpable distension detected only during a
caspases are also involved. valsalva manoeuvr@”

(iii) Finally, at the nuclear level, specific apoptoticyade 11: Palpable distension of the spermatic cord
regulatory genes, including p53 and Bcl-2, alsQictures on the upright examinati®f.

exert regulatory effect§ On apoptosis. ) ~ Grade IlI: Visible distension of the spermatic cord
Up-regulated expression of Fas protein, which igyctures on upright examinatién.

responsible for Fas-dependant apoptosis, in t(%e. Ultrasonographic diagnosis: Ultrasonography

SirgfenasﬂfmzagfggsCr\:‘gtnh e\ga.rr'lcggzlﬁ allsn dC:"eEstg. US) is a widely used for structural and functional
W ' ges| '9 Xpo 'analysis of testicular tissue and can suggest a

7) 0,
were detectel” Furthermore, Up to 10% of Spermspecific diagnosis for a wide variety of testicular

cells in .the ejaculate of men with ? vgncocglee/verdiseases’ and guiding treatment. Structural arglysi
apoptotic, as compared with 0.1% in fertile mels applied for measurement of testicular volume,
W'th no varlcocele. That report co_ncl_uqlgd th"?‘ tudying of echo texture, and the illustration of
varlcoce_le mdu_ces apoptosis, which is |n|t|ate_d Mssue stifiness or elasticity. Functional analysis
the testicular tissue and is then expressed in ﬂ&%ntains the illustration of macro  and
semerf!” Morphological alterations in testicular

! ) , microvascularity, which are indicators of tissue
tissues have been reported as ‘stress patterns dBrfusion(ZS)
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US-techniques: addition to decreased testicular size. The testicul

1- Grey scale US: The diagnostic criteria of biopsy findings in varicoceles are classified
varicocele by gray scale US3& prominent veins histopathologically as normal spermatogenesis,
in pampiniform plexus expand in a supine positioflypospermatogenesis (mild, moderate, severe),
with Valsalva maneuver and in upright positionmaturation arrest (early, late), germinal cell afla

one of which should have a diameter greater thasith focal spermatogenesis, and total germinal cell
2.3 Mm@ aplasia,premature sloughing of germ cells into the

2- Unenhanced Color Doppler US:Unenhanced seminiferqussz) tubule lumen and Leydig cell
CDUS is well established for determination oftYPerplasid™A thickened basement membrane of

macro and microvascularity. These are goanminiferous tubules and proliferative lesions of
indicators of intratesticular perfusion, which seemvascular endothelium are often demonstrated and
to be related to testicular function. CDUS should@ affect transport of oxygen and glucose through
be optimized to be sensitive to low velocity flow.(N€Se structures. The longitudinal smooth muscle
CDUS can be used to grade venous reflux as staflR€rs in vein walls are hypertrophied in high-gead
(grade 1), intermittent (grade 1), or continuousyar'cocele; however, it is not yet cle_ar whethas th
(grade 1l). The continuous reflux, lasting more IS @ Cause or a consequence of varicocele. One can
than 2 seconds, is significant for diagnosis oftiPulate that vein wall hypertrophy may be the
subclinical varicocele. Intermittent and statid€Sult of @ high volume of blood flowing througfeth

refluxes, which are physiological, are insignifican VESSelS or increased hydrostatic pressure. Most of
if there is no palpable varicocef) the studies attempting to describe the changes in

Perfusi . ‘ d with th hesticular histology associated with varicocele,
CD(EJrSUS;\on rr;]applnfg, p;]erfqrme_ W'th the Use Ofi,cymented the bilateral nature of these changes.
» nas shown for the first time that in patlent(%iopsy is not indicated in varicocele except in

suﬁer!ng from azoospermia, sperm que}hty an zoospermic patients in which it is predictive loé t
quantity depend on tissue perfusion within the oaiment outcome after varicocele reff&ir.
testicle®® Power Doppler US uses the integrate

power of the Doppler signal to depict the presence METHODS
of blood flow. Higher power gains are more likelyResearch strategy:A case control study conducted
with power Doppler US than with standard coloipn twenty infertile patients with clinically eviden
Doppler US, resulting in an increased sensitivityaricocele; half of them were smokers. And a
for detection of blood floW”” control group was formed of twenty fertile men
3- Real-time sonoelastography (RTE): It was without clinical varicocele and with normal semen
found that the elasticity pattern of the testisnsge parameters; half of them were smokdrse patients
to be related to the volume and function. RTE cawere randomly selected from the Andrology
be used for targeted tissue sampling, like testrcul outpatient clinic of the Main University Hospital,
sperm extractions (TESEY Faculty of Medicine- University of Alexandria. The
4- Advanced contrast agent detection control group was randomly selected from other
techniques: In the last years different contrastoutpatient clinics of the same hospital.
agent detection techniques like the so-callefxclusion criteria: included Current or past history
CPS (cadence pulse sequencing technique) wesé occupational exposure to cadmium, Family
proposed. All of these techniques are based dristory of infertility, History of testicular traua
the principles of low MI (mechanical index) Urogenital infections with leukocytospermia (more
techniques to save the bubbles for a long time artdan 1x1&ml) in early morning urine analysis and
to generate subtraction images to illustrate omy t finally Patients suffering from abnormal epididymal
flow of the contrast media in the microvess&ls.  consistency or induration of the vas deferens as
Venography: Although venography is considered torevealed by genital examination.
be the gold standard, for diagnosis of varicodeis, Data were collected from all patients and their
time consuming and invasi&) control after taking an informed written consent
Scrotal Thermography: Contact thermography through interviewing schedule that included:
using a thermovision infrared camera has a. All studied persons were interviewed to collect
sensitivity of 84- 98% and a specificity of 81- 100 data about personal, medical, occupational,
9%.59) smoking, family history of infertility and historyf
Others e.g. Radionuclide Angiography: The  testicular trauma.
demonstration of varicocele by radionuclide2. Clinical general and andrological examinations
angiography is accomplished by labeling the were conducted on all studied persons including
patient's erythrocytes with Technitium (Tc $3). Inspection of Skin of the scrotum for the presence
Testicular biopsy: Varicoceles are associated withof visible dilated veins and examination of the ipen
macroscopic and microscopic testicular damage, including the location of the urethral meatus.
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Palpation: test of significance, Likelihood Ratio were used
~Size of both testes was assessed as well as theffr data that is not normally distributed.

consistency and position. - Partial correlation which was performed to
-Epididymis was palpated to estimate its measure the linear inter-relationship between
dimensions, condition of the head, body and tail. cadmium exposure and seminal parameters and
—-Cord the vas deferens was examined for varicocele grading.

consistency, presence of beading or induratiord, an RESULTS

pampiniform plexus enlargement or engorgement tqQ -
select clinically evident varicocele (grade Il &)l Personal characteristics:

—Every patient was asked to perform valsalva Age of cases ranged between 21 and 42. years
maneouvre while the thumb and the index fingers cW'th a mean of 32.5455.94 years. Meanwhile, it

. : : . ranged from 22 to 41 years with a mean of
the examiner grasping the spermatic cord in th
scrotum to detect change in size of veins. 9.45¢4.69 years among control group. Yet, the

o . observed difference was statistically non significa

—Presence of a thrill in scrotal veins when thegP:008)

patient is instructed to cough indicates venou U

reflux. Smoking history (table 1):

3. Semen analysis was conducted and assessedlhe smoking history revealed statistically non
according to WHO criteria (1998)) At least two  significant observed differences between smoking
samples were obtained by masturbation after 2{Fatients and smoking control regarding number
days of sexual abstinence and the interval betweeh cigarettes smoked daily, duration of smoking
two samples was not more than 3 weeks. Thand smoking indé¥X® (p= 0.66, 0.81 and 0.9
semen analysis was done using Computer-Assistegspectively).

Sperm Analysis (CASA) technig(¥! Seminal parameters among the studied cases and
4. Metal in semen: control (I1):

All polypropylene tubes and materials used Sperm count among cases ranged between 0 and
(plastic and glass) were previously washed witR0 million/ml with a mean of 7.87+7.53 million/ml.
10% suprapure nitric acid overnight and thoroughlon the other hand, it ranged among control from 18
rinsed with deionized water. Sperms and semin& 60 million/ml with a mean of 35.95+10.98
fluid were separated by centrifugation @00 g, million/ml. Here, the observed difference was
10 min). The samples were frozen and stored atstatistically significant (P< 0.0001). Sperm miotil
20°C until analyzed using atomic absorptioramong cases ranged from O to 70% motile sperms
spectrophotometer. Semen samples were digestedwith a mean of 14.7+16.36%. Meanwhile, among
0.1 M HNOS3 (one part sample to three parts HNO3xontrol it ranged between 40 and 70% motile
These proportions gave the most consistent resufigerms with a mean of 55.8+9.08%. The observed
for semen analysis. Standard cadmium solutions ftifference was statistically significant (P<0.0001)
0.1 M nitric acid were prepared and analyzed in th8perm morphology among cases ranged between
same manner as the samples. Cadmium was assa$8d and 90% abnormal forms with a mean of
by flame atomic absorption using the wavelengti¥6.6+28.89%. Meanwhile, among control it ranged
248.3 nm cadmium line. This method was rapid anffom 20 to 40% abnormal forms with a mean of
efficient. In order to avoid interference, Glassswvar31.1+ 5.64%. Also, the observed difference was
and reagents were carefully checked for cadmiustatistically significant (P= 0.02).
contamination by analyzing reagent blank. Th&eminal parameters among the studied patients;
measurement time was 3 sec. Calibration anginokers and non smokers, (table Il):
standar(_jization: a calibration curve was prepared b Sperm motility among smoking patients ranged
calculatlng_the least square f|§ line using th@dtad om0 to 30% motile sperms with a mean of
concentrations and the analytical respofide. 9.6+9.80%. While, among non smoking patients it
5. Scrotal Gray-scale and Color Doppler US werganged between 0 and 70% motile sperms with a

done for the studied infertile varicocele patietots mean of 19.8+20.28%. Yet, there was a statistically

detect varicocele grading. non significant observed difference (P= 0.19).

Statistical measures used: Seminal parameters among control; smokers and
- Descriptive  statistics  including  frequency,non smokers (table 1V):
distribution, mean and deviation were used to Sperm motility among smoking control ranged
describe different characteristics. from 40 to 60% motile sperms with a mean of
- Univariate analysis including T test and Person9.9+6.78%. On the other hand, it ranged among
Chi Square test were used to test the significanegn smoking control between 50 and 70% motile
of the result of the 5% level of significance. sperms with a mean of 61.7+7.11%. The observed
- Mann-Whitney test of significance, Fisher's Exacdifference was statistically significant (P= 0.003)
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Cadmium level measured in seminal plasma adjustment for smoking, non smoker/ even smoker
among the studied subjects (table V): (P=0.009 and 0.003 respectively). Fig. 2

Seminal plasma cadmium level of non smoking Correlation between cadmium level in seminal
cases ranged between 1.15 and 1.48pg/dl with glasma and seminal parameters revealed a
mean of 1.34+0.1pg/dl. While, among non smoking statistically  significant negative correlation
control it ranged from 0.45 to 1.21pg/dl with a mea between cadmium level and sperm morphology
of 0.77+0.22pg/dl. The observed difference was among cases (P= 0.003). Fig. 3

statistically significant (P<0.001). Cadmium lewel , cqorrelation between cadmium level in seminal
the seminal plasma of smoking control ranged from plasma and seminal parameters among cases
0.92 to 1.22pg/dl with a mean of 1.08+9.59ug/dl. reyealed that cadmium is negatively correlated
Meanwhile, among non smoking control it ranged \ith seminal volume and sperm morphology

between 0.45 and 1.21ug/dl with a mean Ofamong the smokers (p= 0.02 and 0.03
0.77+0.22ug/dl. Also, the observed difference was respectively). Fig. 4

statistically significant (P= 0.002). Furthermore, Correlation between cadmium level in seminal
cadmium level in seminal plasma of the infertile lasma and  seminal barameters amona  the
smokers ranged between 1.48 and 7.28ug/dl with a{;mokin control revealped that cadmiun% i
mean of 3.24+2.25pg/dl. On the other hand, it " gl lated with trati
ranged from 0.92 to 1.22ug/dl with a mean of ne_gfé |(\)/§yF(_:orr5eae With Sperms concentration
1.08+0.10pg/dl among the smoking control. The (p=0.02). Fig.

observed difference was statistically significant Correlation between cadmium level in seminal
(P 0.001). Fig. 1 plasma and US grading of varicocele among the

Cadmium level correlations with semen studied patients revealed that cadmium level is
positively correlated with US grades of varicocele

parameters & US grades: ;
. . . among cases and also among both smoking and
« Partial correlation between average cadmium level smoking patients (P= 0.004, 0.001 and 0.04

and seminal parameters of_ the_studled cases anfhgnectively). Fig. 6
control revealed that cadmium is correlated with
sperms concentration and motility even after

F Badran et al.

Table I: Smoking pattern among smoking cases and control.

Smoking pattern Cases Control . Te;gt of
(n=10) (n=10) significance

Number of cigarettes / day Z=-0.43
Min-Max 20-30 20-30 P=0.66
Mean+SD 25.045.27 24.0+5.16

Duration of smoking / year Z=-0.23
Min-Max 6-25 10-20 P=0.81
Mean+SD 15.545.25 15.1+3.92

Smoking index Z=-0.11
Min-Max 180-750 200-600 P=0.9
Mean+SD 395.0+190.2 366.0+130.4

Z. Mann-Whitney Test of Significance
*. Significant at B 0.05

Table II: Seminal parameters among the studied cases anwlcont

Seminal parameters Cases Control Test of significance
(n=20) (n=20)
Cc_mcentratnon (million/ml) T=942
Min-Max 0-22 18 - 60
P<.0001*
Mean+SD 7.87+7.53 35.95+10.98
Motility (%

_ v G6) T=19.82
Min-Max 0-70 40-70 P<.0001*
Mean+SD 14.7+16.36  55.8+9.08
Morphology (%) _
Min-Max 10 - 92 20 - 40 L;ézdgf
Mean+SD 46.6+28.89 31.1+5.64 '

Z. Mann-Whitney Test of Significance
*. Significant at B 0.05
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Table lll: Seminal parameters among the studied smoking am@moking patients.

Seminal parameters Smoking patients Non smoking patients Test of

(n=10) (n=10) significance
C(_)ncentratlon (million/ml) 7= 197
Min-Max 0-17 1.15-22 P=0.04*
Mean+SD 4.84+5.99 10.90+7.97 )

Z. Mann-Whitney Test of Significance
*. Significant at B 0.05

Table IV: Seminal parameters among control; smokers and mokess.

Seminal parameters Smoking control  Non smoking control Test of
P (n=10) (n=10) significance
Motility (%
otlity (%) 7=-2.96
Min-Max 40.0-60.0 50.0-70.0 P=0.003*
Mean+SD 49.9+6.78 61.7+7.11 '

Z. Mann-Whitney Test of Significance
*, Significant at R 0.05

Table V: Cadmium level measured in seminal plasma amonguidées subjects.

Cadmium level (ug/dl)

Variable N Min-Max _ MeantSD Test of significance
Smoking cases 10 1.48-7.28 3.24+2.25 Z=3.797*
Smoking control 10 0.92-1.22 1.08+0.10 P<0.001*
Non smoking cases 10 1.15-1.48 1.34+01 Z=3.705
Non smoking control 10 0.45-1.21 0.77+0.22 P<0.001*
Smoking among control
Smokers 10 0.92-1.22 1.08+9.59 Z=-31
Non smokers 10 0.45-1.21 0.77:0.22 P=0.002*

Z. Mann-Whitney Test of Significance
* Significant at B 0.05

3.5 4 m Cases
H Control

1.08

Mean cadmium level (jig/dl)

Smokers Nonsmokers
Fig 1: Cadmium level measured in seminal plasma amongdttidées subjects.
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Fig 2: Negative correlation of cadmium level with both speount
and motility among the studied persons.
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Fig 3: Negative correlation of cadmium level with spermrpfmlogy among cases.
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Fig 4: Negative correlation of cadmium level with spermrpimlogy among smoking cases.
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Fig 6: positive correlation of cadmium level with US geadamong smoking and non smoking cases.

DISCUSSION control. Also it came in accordance with Joonglet a

There is a debate in literatures about varicoceRO07" who demonstrated that azoospermia or
and male infertiity® The current study Severe oligoathenospermia is associated with
demonstrated statistically significant differencedaricocele and patients with non obstructive
in seminal parameters between the studied cas@&oospermia had sperms in their ejaculate and
and their control regarding decreased sper@ven the possibility of natural conception after
concentration and motility, in addition to incredse m|cr03%;Jrg|cal varicocelectomy. Also, Tamer et al,
abnormal sperm morphology among cases (pZ_OOg demonstrated that patients with non

0.0001, 0.0001 and 0.02 respectively). obstructive azoospermia had motile sperms via

These results came in accordance with many Sf'aculate and even the chance of natural conception
fter High ligation varicocelectomy.

other previous studies that demonstrated tHe ) ) )
detrimental effect of varicocele on sperm quality, ~ BY comparing smoking to non smoking cases, the
example; Zini et al, 2000, 2002 36 demonstrated current study revealed a statistically significant
that varicocele is associated with stress sperfserved difference regarding decreased sperm
pattern in the form of increased number of abnorm&encentration among the  smokers  (p=0.04).

forms, decreased progressive motility and decreas®ganwhile, by comparing smoking with non
sperm density. smoking control this study revealed a statistically

In addition, this association of varicocele withSigniﬁC"’\nt qbserved difference regarding decreased
! erm motility among the smokers (P= 0.003).

with Fabio et al 200% who demonstrated Viany authors demonstrated the negative impact of

: cigarette smoking and the exposure to cadmium on

low sperm concentration and motility in infertile ¢ F e K et al
patients with varicocele as compared with theigpemfl) parameters. For example, mrumosani et a,
008 demonstrated  statistically  significant

impaired seminal parameters came in accordan
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associations between cigarette smoking and roumoixicity in the testis, and the underlying mechamis
head sperm morphology and decreased both speaiaction,Cadmium also accumulates in the prostate,
count and motility in a study conducted on 7Cpididymis and seminal vesicles, where a long
infertile smoking and non smoking patienfdso, biologic half-life is observed, They also suggested
Mack et al, 2006 demonstrated the detrimentalthat susceptibility to cadmium induced testicular
effect of cigarette smoking on sperm quality; mostlamage has been described and attributed to gene
significantly sperm concentration, motility, anddefect. So, it is possible that infertle men with
morphology. In addition, Robert et al, 2683 varicocele express a similar gene that renders them
demonstrated that smoking is associated witimore susceptible to cadmium in their environment.
impaired semen quality in infertile smokers. On the The current study demonstrated a statistically
other hands, Ramadan et al, 2682n a previous significant high cadmium level in seminal plasma of
study demonstrated non significant differences ifhfertile smokers in comparison with infertile non
standard sperm parameters (concentration, motilitémokers (p< 0.0001). In addition, the present study
and morphology) between infertile smokers ang@iso demonstrated that level of cadmium is high in
nonsmokers. seminal plasma from smoking control as compared
The present study demonstrated a statisticallyith non smoking control (P= 0.002). Several
significant high level of cadmium in seminal plasmastudies demonstrated that cigarette smoking is
of the studied patients with varicocele as comparegssociated with accumulation of cadmium in the
to their control (p<0.0001). Precisely, cadmiunelev testis. Benoff et al, 2008 and Erica et at, 2069
was significantly high in seminal plasma of studiedlemonstrated that cigarette smoking adversely
infertile smokers suffering from varicocele inaffects varicocele-associated infertility by insiea
comparison to their smoking control in spite ofthe level of cadmium in seminal plasn&imilarly,
absence of significant difference between neithétumosani et al, 2008’ demonstrated that cadmium
number of cigarettes smoked daily nor duration devel is significantly higher in seminal plasma of
smoking (p< 0.001). Consistently, cadmium level irsmokers than non smokers, in a study conducted on
seminal plasma of studied infertile non smokerd59 semen samples (61 smokers and 98 non
suffering from varicocele was significantly highersmokers). Moreover, Benoff et al, 1997
than that measured among their non smoking contrdemonstrated that absorption of cadmium by the
(p< 0.001). Thus, varicocele causes accumulation bfngs is two-fold greater than that by the
cadmium in seminal plasma as compared to normgéastrointestinal tract. Thus, the greatest danger i
subjects. Since half of the studied patients were n from inhalation of environmental aerosols that are
smokers, as well as the occupational exposure pwesent in cigarette smoke, which explain presence
cadmium was excluded from this study, so thef high cadmium level in seminal plasma among
detected high cadmium level in seminal plasmafertile smokers with varicocele than infertile mo
from those patients can't be explained except bymokers with varicocele.
environmental exposure. The present study revealed that cadmium is
Benoff et al, 200% and Hyeon et al, 2008 correlated negatively with sperm concentration and
demonstrated that cadmium is higher in seminahotility among the studied patients and their cointr
plasma from infertile men with varicocele than #noseven after adjustment for smoking, non smoker/
without varicocele. In addition, they demonstrateggven smoker, (P= 0.009 and 0.003 respectively).
that cadmium level in testicular biopsy from infliert Many authors demonstrated the association of
non smoking men with varicocele was higher thanadmium accumulation in the testes with impairment
their control subjects with obstructive azoospermiaof semen quality. Benoff et al, 206® and Benoff
Moreover, Hyeon et al, 2088 demonstrated that et al, 2004’ demonstrated the presence of high level
the testis in varicocele lacks an active pump foof cadmium in seminal plasma among infertile
removing cadmium, so, over time, testiculapatients with varicocele and its significant
cadmium level can be accumulated. correlation with high number apoptotic cells within

Furthermore, Benoff et al, 1997and Erica et al, the seminiferous tubules. Similarly, Yin et al,
2009 demonstrated that infertle men with1997°® and Benoff et al, 1997 demonstrated that

varicocele have high levels of cadmium in theithe accumulation of toxic agents including the
seminal plasma as a result of environmentdlroducts of cigarette smoke such as cadmium is one
cadmium exposure. They also demonstrated th@f the causes of apoptosis in varicocele.

cadmium is toxic to reproductive organs at levels Furthermore, Hyeon et al, 2068 demonstrated
appreciably lower than those required for toxidity that patients with varicocele have significant
other organs. Testes are more sensitive to cadmiuntrease in spermatozoal DNA damage, which is
than other organs because of their uniquattributed to high ROS level in semen. The
vasculatureMoreover, disruption of the blood-testisoverproduction of ROS is crucial as an apoptosis-
barrier (BTB) is the major target of cadmiumtriggering mechanism. Thus, they suggested that
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apoptosis is the cause of oligospermia among mémduced male infertility; such as MAPK-signaling
with varicocele. Moreover, Fujisawa et al, 2803 pathway, ROS and apoptosis, could be future
found that the concentration of the soluble form ofecommendations.

Fas (s-Fas), which block Fas-dependent apoptasis, i

seminal plasma of oligospermic men with varicocele . REFER_ENCES )
was Signiﬁcanﬂy lower than in 0|igospermic menl. Kolettis N. Evaluation of the subfertile man.

without varicocele and their normal control. This American Family Physician 2003; 67:2165-72.
reduced s-Fas level was reversed by¢- Kumar R, Pant N, Srivastava S. Chlorinated

varicocelectomy. pesticides, heavy metals in human semen. Int J
Androl 2000; 23:145-9
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reduces sperm quality; mostly sperm morphology. IR: Benoff S_’ Hurl_ey R, Barc_ca M. A potent_|al role
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