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" ABSTRACT

Blﬂ()d a’md and codmium levels fmd serum Tine © mrcéntmﬁo)z of 50 clinically 'uﬁé.fp.la'r';i.ed mfemle .
wn-uen were , determined using Perkin- Elmer 2380 Atonic Absorption Spectropliotomerer aind compa ed i
: ‘ wm’t 20 fem!e women. Blood lead and cacfrmmn levels of infertile women (14.22 £2.34 & 3.05 3 0.63 -
| g /dl ) were !ug!m rlmn those of the fm tile wome (9.76 + 2.34 & 140 + 0.41 pg /dl) whereas serunt o
zine were s:gmf'cam!y lower (68.64 + 15.54 versus 97.84 +13.43 g 7). Urban infertile had a Iugh[y sige
mf cant elewmau rJf blood tead and cadmium levels wien compared to that of urban fert::’e wanien. U.'—.
“ban infertile women had lughef blood lead and cadminm levels and lower zinc concentrations when com- i
pared wm‘: rural z:gfern!e wotlen. Infertile women who were exposed to heavy .s'mokmg Infertile woinen
who e\posed fo J'teavy .smakmg passive smokers” had a higher blood lead { 15.61 + 1.42 g /dl '} when
Lompm ed to :har of mfemle women who weie not exposed o smokmg (1310 + 0.42 pg /dl). Infer tile
_' vo.r:wn whose hmbaud accupatmn were pmmeas, solders and duvets had Iugher blood lead levels tiaan'. '
._o:he: occupnfrons (,oncemmg cadmiwm risk factors, infertile women who consumed excess canned faod o
. and exposed o smokmg lmd haglze: blood cadmitm levels { 3 87 + 0.05 and 3.63 + 0.28 g /dl) thai m—. S
fem!e wmnen who did not cons:zme canned food or not mposed to .smokmg (2 91 £ 0, 85 and 2.5+ 026
;,lg dr respecnvely) chw was !:rghly sagnrjmant positive correlations between the Auration of mfemh!y o
and both blood Iead ( p = 0831 b & cadminm levels { ¥ = 0.808 ) and highly szgnmwur negative c(mem-:.
tion be!ween (lumnmt af mfer!:!tty and serum zinc fevels of mfemle wonien (r= -0.79 L In canc[u.sron
es!mzm’rou of blood !ead and cadmiunt levels may fiegve an tmpmmm role in unuplamed mfettehty Zine

_ mpplememanon may reduce absorprmn of Tead and cadmumz

| !N?‘ROQ{JC‘TSON - - may i'nd'uc'é'hoi;mdriél:disérdéfs, i;)reVent—_
... . ingovulations and pregnancies (Gerhard
Heavy metals can influence female fer- and Run nebaum, 1992 & Gerhard et al.,

tility at every phase of reproduction. They 1998). Lead is a widely spread environ-
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mental pollutant, found in many homes
e.g. in fixtures and fitlings, past use of
paints, in alloys, food kept in lead - glazed
ceramics, fungicides, petroleum products,
agricultural soil, herbal medicine, cigar-
ettes etc.. It is known to affect both male
and female reproductive systems in hu-
man (Harbison, 1998) and experimental
animals (Junaid et al., 1997). Lead prétreat—
ment for rats enhanced some parameters
of estrogen stimulation and inhibited oth-
er estrogenic responses (Tchernitchin et
al., 1998).

Cadmium is a highly toxic cumulative
heavy metal . Human exposure to it has
been and continues to be a major concern .
Itis estimafed to have a biological half life
in humans of 20 years. Cadmium usage

has increased dramatically during the

past 40 to 50 years and continues, gradu-
ally, to increase (Michael et al., 2001). So, it
poses a significant threat to the human
population and environment. Cadmium is
able to decrease preovulatory luteinizing
hormone (LH) levels in blood and inhibit
ovulation in rats (Waalkes, 1995). The
mechanism of the negative action of cad-
mium in the organism is most probably

due to its competition with the vitally im-

portant trace element - zinc. Absorption of
both lead and cadmium is increased in
presence of zinc deficiency (Drbohlave, et
al., 1998).

Zinc is a nutritionally ‘essential trace
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metal. Sea foods, meats, whole grains,
dairy products, nuts, and legumes are
high in zinc. More than 200 metalloen-
zymes belonging to six major catego-
ries-including oxidoreductases, ransferas-
es, Hydfolases, lyases, isomerases,and
ligases-require zinc as a cofactor. It stabi-
lizes membranes by binding ligands in
membranes that maintain the normal
structural geometry of the protein and lip-
id components ( Drbohlave, et al., 1998).

Only a few modern epidemiologic stud-
ies have addressed lead and cadmium's ef-
fects on reproductive outcome in women,
so that the present work was designed to
estimate lead , cadmium and zincin in-
fertile women compared to fertile women.

 SUBJECTS AND METHODS

" This study was conducted on 70 wom-
en; 50 infertile (aged from?20-36years} who
attended Fertility Unit of Mansoura
University Hospital . All had unexplained
infertility (40 had primary infertility and
10 had secondary infertility). Thirty eight
women were living in Mansoura City and
the others were living in rural areas. All
women had normal menstrual cycles and
regular sexual intercourse two or three
times a week; non had relevant past or
present medical or surgical features and
all were normal on clinical examination.
Infertility investigations in these women
had revealed no abriormality and semen”
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analysis of their partners and postcoital
tests werc normal. Twenty fertile (aged
from 20-36years}) non pregnant women
(control) were randomly selected from
Obstetric & Gynecology Department of
Mansoura University Hospital. Twelve
women were living in Mansoura City and
the others were living in rural areas. They
were age, weight and height matched.
Non of the infertile women or control sub-
jects was receiving medication or suffering
from any infection during the study. In-
formed consent was taken from all sub-
jects to share in this study.

Thorough histufy was- taken from

each woman with special emphasis on :

1- Age, residence and occupation.

2- Lead- exposure : risk. factors ques-
tionnaires: Usage of kohl and / or
lead glazed ceramics; old housing
and: lead - pipes; husband occupa-
tion:: -especially- workers in. paint-
ing, - solders; = drivers; . cigarette
smoking. of .. the . husband  (light,

- moderate or heavy according to Fer-

- ris. Smoking Index" packs of cigar-

‘ettes. / day x 365 x number of years
of smoking.
3- Cadmium exposure risk factors ques-
tionnaires : Increased consumption
of canned foods, sea foods, coffee
and expdsuré to smoking (passive

smokers). ... . .

4- History of diabetes, hypertension, he-

patic and renal diseases.-
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- 5- History of drug intake.

For each participant, ten ml venous

blood sample was withdrawn from anticu-.

bital vein under complete aseptic condi-
tion ; 5 ml were added to EDTA into poly;
propylene tubes, gently mixed  for- -
analysis of lead and cadmium and 5ml
were separated to obtain serum for zinc
estimation. They kepi at 4°C until assay.
Each sample was digested by using. wet:
method of digestion (nitric- perchloric
acid} according to the method of Vanloon, .
1985. Analysis was done by using Perkin -
Elmer 2380 Atomic Absorption Spectro-.
photometer at Mansoura Faculty of Sci-

~ence. Preparation of standards. and sam-

ples. was ~carried out under . clean
conditions using deionized water of Aha~
lytic standards of lead, cadmium and zinc
were prepared from solutions of metal ni-
trate (BDH,UK), with concentration “of

1000mg/L. All chemicals and reagents .-

used were of ultra pure reagent grade. =
~All glassware - and- plas.tic'ware were
washed three times with deionized waler,

then soaked in 20% v/v HNO3 overnight..
After soaking the glassware was rinsed

three times with deionized water and . .

dried. -

Data were compared by uS_ing student’s .

~ t-test (to compare two groups), One way

ANOVA test (to compare more than two
groups). -Chi square (x2) was used for
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qualitative data (Frequencyé proportion) .
Correlation co-efficiency was used to test
association between variables. These tests
were run on an IBM compatible personal
computer by using Statistical Package for
Social Scientists (SPPS) for windows 11
(SPSS Inc., Chicago, IL ,USA ).

- - RESULTS

Table (1) showed insignificant variation
of the age and characteristics of the
studied = infertile women - when com-
pared to fertile (control) women. There
was a highly statistical elevation of
blood lead and cadmium levels of in-
fertile women (14.22 + 2.34 & 3.05 + 0.63
pg/dl) when compared to fertile women
(9.76 + 2.34 & 1.40 + 0.41 pg/dl). A high-
ly statistical - reduction of serum zinc
concentration (although  within - normal
range) was found in infertile women
when compared to fertile women (68.64
+ 1554 versus 97.84 + 1343 pg%) as
shown in table (2). There was a highly
statistical elevation of blood lead and cad-
mium levels of urban infertile when com-
pared to urban fertile women and also in

rural infertile women when compared to -

rural fertile women. Urban infertile- had
higher blood lead and cadmium levels
and lower zinc concentrations when com-
pared with rural infertiles as illustrated in
table (3): :
Blood lead levels were higher in infer-
tile women who were high coffee consu-
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mets (more than 3 cups/day) and ex-.
posed to heavy smoking from husbands .

"passive smokers" (14.56 + 1.46 pg/dl and

15.61 + 1.42 pg/dl) when compared to that
of infertile women who were not coffee .

consumers and not exposed to smoking.

(13.78 + 1.50 and 13.10 + 2.00 ug/dl ). In=
fertile women who's husband occupation

were workers (painters; solders; drivers). =

had higher blood lead levels than other =
occupations (Table 4).. .

Concerning cadmium risk factors, infer-

tile women who consumed excess coffee

and / or canned food and exposed lo
smoking had higher blood: cadmium. lev-
els (3.09 + 0.45 ; 3.87 + 0.05 and 3.63 + 0.28 - -
pg/dl) than infertile women who were
not coffee or canned  food consumers: or
not exposed to smoking (2.59 + 0.55; 2.91 +
0.85 and 2.5 + 0.26 respectively) as shown
in table (5). Table (6) showed highly signif-
icant positive correlations between the du-
ration of infertility and both blood lead (r
= 0.831) & cadmium levels (r = 0.808) and
a highly significant negative correlation
between duration of infertility and serum
zinc levels of infertile women (r =-0.979 ).

DISCUSSION

Lead is an environmental pollutant
known to affect reproductive organs.
It may produce abnormal reproductive
function. Reported effects in women in-
miscarriage, - pre-

clude infertility,
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eclampsia, preghancy hyperiension and
premature delivery (Villagra et al. 1997},
Previous researches indicated that lead
may be toxic at levels previously thought
to have no effect (Winder,1993). Cadmium
is an abundant non essential element that
is present in food, water, and environ-
ment. [t accumulates in human tissues and
thus also in reproductive tract and may
have an impact on fertility (Drbohlav et
al.,1998).

The results of the present study showed
high blood lead levels in infertile women
when compared to fertile. This was in ac-

cordance with the result of Zenz, et al.-

(1994) who reported decreased fertility in
exposed female workers:

The observed high blood lead levels of
the studied infertile women may be attrib-

uted to variable environmental sources for

exposure with absence of general preven-
tive strategies for controlling these sourc-
es. Contaminated soils from airboine pol-
lution, ‘use of leaded pesticides or from
paints of the exterior of nearby building ,
use of leaded water pipe lines and living
near heavy automobile traffic using lead-
ed gasoline (urban areas) are all factors
contributing to “lead - exposure among
women ( Klaassen, 2006) -

The result of the present study revealed -

a statistically significant elevation of lead
levels in women using kohl. Kohl is com-

Masisotira J. Forensic Med. Clin, Toxicol.
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posed of lead sulphide so, it is considered
a continuous source of lead exposure with .
possible absorption from skin.

In experimental animals, lead affect fe-
male reproductive organs through differ- '
ent mechanisms. It may interact at the en-
zyme level ; may interfere with the action -
of reproductive hormones at the target or--
gan, modifying the activity of estrogen re-
ceptors in the pregnant uterus and inhibit-
ing responses where estrogens play a role.
Lead may induce imprinting mechanisms, .

“causing persistent changes in uterine es-
trogen receptors and ovarian Leutinizing: .-

Hormones receptors: following - perinatal

exposure. Also, it may interfere at the lev- .-

el of hypothalamus-pituitary, decreasing .-
pituitary response to growth hormone re- ..
leasing estrogens in the uterus (Junaid ek
al., 1997). Lead is a potent reproductive.
toxicant in humans and experimental ani- -
mals, it seems to affect the follicular devel-~
opment and maturation (Junaid et al., -
1997). This targeting can result in.loss of
ovarian steroid hormones, eventual ovari-
an failure, and ultimate disruption of neu-"
roendocrine feedback causing increased

“levels-of Follicle Stimulating Hormones

and Leutinizing Hormones: (Heidelberg,
2005). S

Elevated lead levels observed among -

urban than rural infertile women may be

explained by exposure of women to more
air “pollution ‘and heavy traffic areas or .
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thought possibly to be related to seden-
tary urban lifestyle in contrast to rural life.
Low calcium intake ; high lactose or fat
diet {which can enhance lead accumula-
tion) may play a role (Barclay,2003).

The present work showed that infertile
women had elevated cadmium levels
when compared with fertile women. This
is in agreement with a study of 400 infer-
tile women , the cadmium excretion was
positively associated with a history of mis-
carriages. It was found to be correlated in-
versely with follicular oestradiol concen-
trations. The cadmium and lead excretion
were negatively associated with prolactin
thus heavy metals seem to have a negative
impact- on. ovarian, especially luteal; as
well as pituitary function , which may be
important in the pathogenesis of infertili-
ty (Gerhard et al., 1998). Tobacco smoking
may - significantly. increase exposure to
cadmium., motor vehicle exhausts contrib-
utes to air pollution. Waste disposal (in-
cineration) and the use of sewage sludge
as a fertilizer result in large input to land (
Klaassen, 2006) . - -

The possible causes of fertility disorders

in conjunction with cadmium is probably

the damage. of granulosa cells and thus
dysfunction as regards production of ster-
oid hormones with full impact on female
fertility (hormone disruptors) (Drbohlave
et al., 1998). It is able to decrease preovula-
tory leutinizing hormone (LH)} levels in
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blood and inhibit ovulation so, it exerted a
direct effect on both granulosa cell mor-
phology and on steroid biosynthesis (Pa-
sky et al., 1997 ). L

The observed association between. ex-
posure to smoking and increased lead.
and. cadmium levels with females infer-

tility - is  consistent with ' that reported . '. _
by Olsen who mentioned that cigarette. - -

smoking (either active or passwe) re-
duces fertility. This association was
found to be dose dependent.. Female -
smoking has: been associated with infer- g
tility as well as sub fecundity (Olsen, - -
1991). He observed that partner's smok-.

ing habits related to sub fecundity in'a..
dose- response manner i women Who_. g

smoked as well as in women who did not.
Hruska, et al. (2000) found an association :

between cigarette smoking and female in- -

fertility. A recent study by Nas et al. (2007). ..
reported that smoking has a harmful ef-
fects on tubal function and menstrual cy-
cle resulting in subsequent increased ute-
rine contractility and failure of quiescence
of the uterus. . -

Reduction of an increased heavy metal .
body load improved the spontaneous_con- =
ception chance of infertile women. The so-
dium 2,3- dimercaptopropane sulfdnate_ '_
(DMPS) test was a useful and complemen- .
tary diagnostic method. Adequate treat-
ment provided successful alternatives to.
conventional hormonal therapy (Gerhard .
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and Run nebaum,1992).

The reduction of serum zinc of the stud-
ied infertile women may be attributed to
interaction with the elevated cadmium
levels. This support the hypothesis of
jameson (1980) but not support that of
Soltan & Jenkins (1983) and Sing et al
(1989) who found no significant differenc-
es between fertile and infertile women.
Cadmium replaces zinc in its cellular link-
ages (Gerhard et al,,1998). Zinc deficiency
resulted in a four fold increase of intesti-
nal cadmium absorption from food. Fur-
thermore, zinc promotes the renal elimina-

tion of cadmium (Sowa and Stebert,1985). .

Zinc deficiency in female can lead to im-
paired synthesis , secretion of (FSH) and
(LH} , abnormal ovarian develop'ment ,
disruption of estrous cycle (Bedwal, and
Bahuguna, 1994).

As lead contamination in Egypt consti-
tutes a public health problem, vigorous
and community - based health education
program should be implemented in an at-
tempt to reduce lead exposure. A commu-
nity based lead and: cadmium poisoning

Maunsoura | Forensic Med. Clin. Toxicol.

prevention programs ate also required. A
national environmental lead hazard reduc-
tion efforts should be done as reducing
lead in industrial emission, gasoline, and
cans, lead contaminated soil, lead paints
and old lead pipes. . :

“In ConclLléionf estimation of - lead and
cadmium may be important in cases of un-
explained females infertility. Each woman
with unexplained infertility: should. be
subjected to heavy melals estimation prior
to hormonal treatment. ‘_Wo_méh should be
advised to be pregnant after reduction of
the high levels, as reduCti'o‘n”"cif:"aﬂn in-
creased heavy metal body load may im-
prove the conception chance of infertile
women. This is done by using chelating
agents. Chelation therapy should be done
cautiously in a hospital to choose the
proper agent; suitable route and to avoid
the possible side effects. Females should
be advised to oplimize caloric, iron and
calcium intake specifically to reduce lead
absorption. Supplementation of zinc to in-
fertite women may reduce absorption of
heavy metals reducing its deleterious ef-

- fect.
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Table (1): The characteristics of the studied women (n=70) (infertile and fertile). -

Parameters Infertile Fertile Statistical analysis
‘ n=(50) n={ 2(}) Test P
Age(years): MeanxS8.D 26,4+ 4.79 28.15+ 4.43 t=1.41 0.163
Residence;  Urban n (%) 38(76) 12(60) X" =179 0.181
Rural n (%) 12(24) 8(40)
Type of infertility: Primary 40( 80)
Secondary n {%) 120) -
Occupation: Housewives n (%) 37(74) 11(55)
Employees 6{(12) 5(25) 1 '
Teachers 6(12) 3(15) X'=3.188 1. 0.527
Farmers 1(2) 1(5) : L
Use of kohl n (%) 27(54) 6(30) X' =3.352 0.069
Use of tead glazed ceramics 12(24) 420) X’ =0.130 0.719
Coffee consumption: High 13(26) 4(20) X =2.212 0.530
. Absent 33(66) 16(80).
Old houses & lead pipes n (%) 50(100) 20(100)
- | Consumption of canned  n (%) - 7(14) 5(25) X*=1217 0.270
food )
Husband occupation: n (%)
employees N 41(82) 16(89)
Teacher& engincer & doctor 8(14) 3(15) T SR
Farmer 2(4) i(5) - X*=3.096 | 0.797
" Husband smoking kabit: n (%) '
Non smokers. 26(52) 945) 2 _ -
Smokers: Heavy 18(36) 5(25) X7=0280 ) 0.597
Moderate : 5(10) 3sy -
Mild - 1(2) 3(15)"

Insignificant at P>0.03

Table (2) : lead; cadmium and zinc levels among the studied women (n =70).. .' .': -

Parameters Infertile Fertile Statistical analysis
Mean +8.D Mean £5.D Student t- test P value
Blood lead levels (ug/d}) 14224234 | 9.76+2.34 9.441 0.0001**
Blood cadmium-fevels (ng/dl) |- 3.05+0.63 1.40 £ .41 10.733 0.0001+*
Serum zinc conc.{ pg-%) 68.64 £ 15.54 | 97.84 £13.43 - 7.224 0.0001**

** highly significant at p<0.0001
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Table (3) : Statistical comparison between infertile and fertile women as
regard blood lead, eadminm and zinc levels (n=70).

Parameters _ Infertile women Fertile women Statistical analysis
) Mean = SD Mean £+ SD - ttest .- P
Blood lead levels (ug /dl): ' IR T o
Urban 14.55 + 1.46 9584£2.62 | 744 | <0.0001%*
Rural 13.82+£1.52 10.25+£ 1,95 3.17 <0.0001
‘Blood eadmium levels _
Urban ©3.01£0.66 1.33 4 0.42 8.19 <0.0001%*
Rural o J.i6£0.51 1.51 & 0.49 7.67 | <0.000F -
Serum zinc cong. @ : _ o
Urban 1 69.89£15.88 - 98.27 £ 1548 -5.25 <{.0001**
Rural- : 64.67 £14.30 97.25 10,99 10,24 <(,0001

** highly significant at p< 0.601

Table (4) : Statistical comparison between different cafegories of the studied
 parameters (infertile women characteristics and lead risk factors) .
- as regard blood lead levels.

Parameters Blood lead fovels of Infertile Statistical analysis
Mean£ SD - Test |
Residence: " Urban 14.56 + 1.46 t =0.09 0.01*
: C Rural 1382+ 1.51 S
Occupation: Housewives n (%) 14.09 £1.47 One way >005 |
- Employees - 15,20+1.75 “Anova
Teachers . . 1522 £1.68 F=0.904
Farmers ' 13.9¢ S : .
Use of kohl: +ve 14,56 + 1.46 t=1.76 0.001**
AR TR i 1. 13.82 +1.51 L .
Use of lead glazed ceramics: +ve 1537 £ 1.51 t=3.15 <0.001%*
-ve 13.87 £ 1.31 ' '
{offee consumption: High 14344+ 1.14 : o
- .. Absent 13.78 + 1.50 t=1.43 |~ >0.05
Husband occupation: Workers 15,09 + 1.57 ERREE
_ Employees - 13.26£3.54 F=3.90% | 0.0001*
Teachers& engineers& doctors 13.67+3.75 . - '
- “Farmers 1393+ 2.54
Husband smoking habit: e e
Non smokers 13.10 £ 2.00 F=21.05%* | 0.0001+*
Smokers Heavy 15.61 £ 1.42
Moderate 14.76 £ 2.36
Mild 13.95+ 1.51

Insignificant at P>0.05 * significant at P<0.01 ** highly signilicant at p<0.041
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Table (5) :

as regard blood eadmium levels.

Statistical comparison between different éatégorics of the studicd’
parameters (infertile women characteristics and lead risk factors) -

68

Parameters Blood ed levels of Statistical analysis
Infertile : -
Mean £ SD Test . ¢
Residence: Urban 3.01 £0.67 t =0.47 - >0,10
Rural 3.16£0.51 L
Occupation: - Housewife 3.00 £ 0.613 One way
Employee 3.68+0.70 Anova 2 >0.05
Farmer 316 F=0.77 B
Coffee consumption High 3094045
Mederate 2.98 % 0.37 F=1.15 >0.05
‘ Absent 2.95+0.55
Increased: consumption of canned G : R D
food: +ve 3.87£005 - t=4.36 <(.0001**
: -ve: 291 £0.85 ' ' : '
Husband Workers 3.18 £0.66
Employees 2.85+£0.58 .
. Farl:neis 2.71 % 0.02 ¥=181 >0.05
Husband smoking habit: L _
Non smokers 2.50£0.26 ' ' o
Smokers 3.63 £ 0.28 t=147 | <0.0001"

Insignificant at P>0.05 ~ **Highly sngmﬁcant at P<0 [}01

Table {(6) : Corrclation between Dur‘ttlon of mfertl!lty mth blood lead &
cadmium levels and serum zinc conc. . e

. Parameters Corrclation co-efﬁciency Slgmﬁcance { 2— tailed )
Blood .I(.',a(l level | 0.831 0. 0001** _
Blood cadmium level 0.808 &0001**-

Serum zine conc. - 0.959 _ 0.0001**,

*# correlation is highly significant at the 0.01 Tevel

Mansoura J. Forensic Med. Clin. Toxicol. " Vol. XIV, No. 1, Jaie. 2006
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