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ABSTRACT

Background and rationale: Pregnant women exposed to even low levels of envi-

ronmental lead and cadmium may experience adverse perinatal effects. Aim of the

work: The aim of the present study was to search for any relation between the envi-

ronmental exposure to lead and cadmium and spontaneous abortion and, to emphasize

the truth about the antioxidants and their relation as a mechanism for such relation if

present. Subjects and methods: 38 women were included in this study. They were

divided into 2 groups: Group I: Included 14 normal pregnant women (control group).

Group II: Included 24 women with spontaneous abortion (cases). All women were in

their first trimester. The following investigations were performed for every woman:

lead, cadmium and serum zinc, serum vitamin C, Serum glutathione and serum mal-

ondialdehyde levels. Results: Cases had statistically significant higher blood lead,

cadmium levels and malondialdehyde level and, statistically significant lower serum

zinc, vitamin C and glutathione levels than controls. Conclusion and Recommenda-

tions: The obtained results indicate that spontaneous abortion is accompanied by a

profound disruption of the prooxidant-antioxidant homeostasis towards oxidative

stress. Increased free radical activity produced by environmental exposure to lead and

cadmium has been implicated in the pathogenesis of spontaneous abortion. Industrial

areas have been accused as environmentally polluted with both lead and cadmium.
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Introduction

Lead is perhaps the longest used and

best recognized toxic environmental chem-

ical, yet it continued be used recklessly un-

til only very recently. Lead is thus a lesson

in the limitations and strengths of science,

human conscience and common sense.

Lead has been tested and found to be capa-

ble of eliciting a positive response in an

extraordinarily wide range of biological

and biochemical tests; among them tests

for enzyme inhibition, fidelity of DNA

synthesis, mutation, chromosome aberra-

tions, cancer and birth defects. It reacts or

complexes with many biomolecules and

adversely affects the reproductive, ner-

vous, gastrointestinal, immune, renal, car-

diovascular, skeletal, muscular and hemat-

opoietic systems as well as developmental

processes (Johnson, 1998).

Numerous sources of lead exposure

exist. environmental exposures affect the

entire population, and include leaded

paint, soil and dust contaminated by lead

paint, leaded gasoline automobile exhaust,

and industrial waste, airborne lead from

automobile exhaust and industrial emis-

sions, water contaminated via lead pipes

and lead solder, and food contaminated via

lead-soldered cans (Rhainds & Levallois,

1997).

Cadmium is present in trace amounts

in most environmental media including

soil and water. Substantial additional

amounts are added to the environment as a

consequence of human activities. Sources

include smelting and mining, electroplat-

ing, smoking, waste disposal, municipal

incineration and, land application of solid

waste disposal. The most important envi-

ronmental source of inhaled cadmium is

tobacco smoke (Newman-Taylor, 1998).

Cadmium has been recognised as one

of the most toxic industrial and environ-

mental elements of which there is a contin-

uing toxic hazard to human exposure (Koj-

ima, et al., 1992). In addition to its

classification as a human carcinogen by

the International Agency for Research on

Cancer (Saplakoglu & Iscan, 1998), it pro-

duces a wide spectrum of toxic effects to a

number of organ systems including the

kidneys (Elinder & Nordberg, 1998); the

lungs (Hart, et al., 1995); the cardiovascu-

lar (Jarup, 1998); the reproductive (Nor-

berg, 1998) and the eyes (Cekic, 1998).

During the past decades, increased at-

tention has been focused on potentially ad-

verse effects on human reproduction func-

tion caused by both occupational and

environmental exposures. The concern

over such effects has been emphasized in

the promulgation of occupational health
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and safety standards on exposure limits for

inorganic limits (Fischbein, 1998).

The long-term exposure of a pregnant

woman to even low concentrations of

heavy metals (cadmium, lead, mercury and

others) demonstrate cumulative properties

and, may often lead to irreversible disor-

ders in fetal growth and development.

Lead and cadmium microintoxication

seems to be a common danger for every

organism, especially a developing one,

since no regulatory mechanisms protect it

against these metals (Semczuk & Semc-

zuk, 2001). 

Pregnant women exposed to even low

levels of environmental lead and cadmium

may experience adverse perinatal effects

(Falcon, et al. 2002).

Miscarriages, anemia and toxemia

were more often observed in pregnant

women exposed to high lead doses. Epi-

demiological studies show that men's ex-

posure to lead or mercury intoxication,

may account for spontaneous miscarriages

in their partners. The data in the available

literature imply the group of metals of

proven embryotoxic and teratogenic activi-

ty including arsenic, cadmium, lead, mer-

cury and uranium. On one hand, these are

metals of highest toxicological potential,

and on the other, they are most abundant

in our surroundings (Semczuk & Semc-

zuk, 2001).

The aim of the present study was to

search for any relation between the envi-

ronmental exposure to lead and cadmium

and spontaneous abortion and, to empha-

size the truth about the antioxidants and

their relation as a mechanism for such rela-

tion if present.

Subjects and Methods:

This study has been carried out on 38

women. They were classified into 2

groups:

Group I: It included 14 normal preg-

nant women (control).

Group II: It included 24 women with

spontaneous abortion (cases).

According to the residence areas,

group II is classified into 6 groups

(1,2,3,4,5 & 6) ( Shoubra, Helwan, Emba-

ba, Bulak, Misr El Kadima and Ben El Sa-

rayat) respectively. 

All women were in their first trimester

and they were age matching.

Full history taking about their possible

exposure to radiation, drugs, trauma, fe-

vers, diseases and residence that may be

associated with abortion then full clinical

examination was performed. 

Laboratory assays:

I- Estimation of lead, cadmium and

zinc levels:
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Blood lead (Pb), cadmium (Cd) and

zinc (Zn) levels were estimated using a

flameless atomic absorption spectropho-

tometry (Varian SpectrAA 220) equipped

with a graphite furnace Auto-sampler

(GTA-110). The spectral line used for Pb,

Cd and Zn determination were 283.3 nm.,

228.8 nm. and 213.86 nm. respectively ac-

cording to the method described by Fer-

nandez (1975).

II- Methodology of antioxidants:

1- Determination of glutathione
(GSH) level:

Virtually all of the non-protein sulph-

hydryl of the erythrocyte in the form of

GSH-S`-S` dithiobis (2` nitrobenzoic acid)

is a disulphide compound that is threadly

produced by SH compounds forming a

highly colored yellow anion whose absor-

bants were measured at 412 nm. (Beuther,

1984).

2- Determination of Vitamin C level:

Blood vitamin C measurement was

based on interaction of ascorbic acid with

folin reagent. Ascorbic acid level was ob-

tained from standard curve (Jagota &

Dany, 1982).

3- Determination of malondialde-
hyde (MDA) level:

-0.1ml of serum was mixed with equal

volume of 8.1% Na dodecyl sulfate (SDS),

0.75 ml acetic acid at pH 3.5.

-0.75 ml of freshly prepared thiobarbi-

turic acid (TBA) after boiling for 60 min.

the resulting chromogen was extracted

with 2.5 ml of N-butanol and its absor-

bants was measured at 532 nm (Ohkawo et

al. (1979).

The statistical methods:

Data were statistically described in

terms of mean ± standard deviation ( SD),

frequencies (number of cases) and relative

frequencies (percentages) when appropri-

ate. Comparison of numerical data be-

tween cases and control groups was done

using Mann Whitney U test for indepen-

dent samples. Comparison of serum cad-

mium level between the different resi-

dence was done using Kruskal Wallis

analysis of variance (ANOVA) test with

Mann Whitney post hoc multiple 2-group

comparisons. For comparing categorical

data, Chi square (2) test was performed.

Yates correction was used instead when

the frequency is less than 10. Correlation

between various variables was done using

Spearman rank order correlation. A prob-

ability value (p value) less than 0.05 was

considered statistically significant. All sta-

tistical calculations were done using com-

puter programs Microsoft Excel version 7

(Microsoft Corporation, NY, USA) and

SPSS (Statistical Package for the Social

Science; SPSS Inc., Chicago, IL, USA)

statistical program.
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Results

Descriptive data:

The age in group I and II ranged be-

tween 21-32 years and 20-35 years with

means of 26.29 ± 3.79 years and 28.17 ±
4.53 years respectively (Table-1).

The blood Lead level in group I and II

ranged between 7.49-8.32 µg/dL and 8.87-

13.39 µg/dL with means of 7.977 ±. 3 µg/

dL and 10.559 ± 1.317µg/dL respectively

(Table-1).

The cadmium level in group I and II

ranged between 2.28-3.1 µg/L and 1.27-

4.5 µg/L with means of 2.75 ± 0.23 µg/L

and 3.12 ± 0.81 µg/L respectively (Table-

1).

The zinc level in group I and II ranged

between 0.8-0.92 mg/L and 0.61-0.85 mg/

L with means of 0.86 ± 0.04 mg/L and

0.76 ± 0.06 mg/L respectively (Table-1).

The GSH level in group I and II

ranged between 4.92-6.23 mmol/Hb and

2.96-4.92 mmol/Hb with means of 5.36 ±
0.4 mmol/Hb and 3.9 ± 0.61 mmol/Hb re-

spectively (Table-1).

The Vitamin C level in group I and II

ranged between 0.92-1.93 mg/dl and 0.53-

1.02 mg/dl with means of 1.34 ± 0.29 mg/

dl and 0.77 ± 0.15 mg/dl respectively (Ta-

ble-1).

The MDA level in group I and II

ranged between 0.62-1.02 mmol/L and

0.76-2.01 mmol/L with means of 0.81 ±
0.12 mmol/L and 1.45 ± 0.43 mmol/L re-

spectively (Table-1).

Spearman's correlations:

There was positive correlation between

both lead and cadmium and the gestational

age (p< 0.049* and p< 0.000* respective-

ly) (Table-3).

There was positive correlation between

both lead and cadmium and the residence

(p< 0.008* and p< 0.057* respectively)

(Table-3).

There was positive correlation between

both lead and cadmium and zinc (p<

0.000* and p< 0.023* respectively) (Ta-

ble-3).

There was positive correlation between

both lead and cadmium and GSH (p<

0.000* and p< 0.01* respectively) (Table-

3).

There was positive correlation between

both lead and cadmium and vitamin C (p<

0.000* and p< 0.047* respectively) (Ta-

ble-3).

There was positive correlation between

both lead and cadmium and MDA (p<

0.000* and p< 0.01* respectively) (Table-

3).
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There was no correlation between both

lead and cadmium and the age.

Mann Whitney U test:

There was statistically significant

higher lead, cadmium and MDA in cases

than controls (p< 0.000*, p< 0.039* and

p< 0.000* respectively) (Table-2) (figure-

2, 3 and 7).

There was statistically significant low-

er zinc, GSH and Vitamin C in cases than

controls (p< 0.000* for all) (Table-2) (fig-

ure-4, 5 and 6).

66.66% of cases were living in indus-

trially polluted areas with lead and cadmi-

um (33.33% in Shoubra El-Khema and

33.33% in Helwan while the remaining

percent were living in other areas) (Figure-

1).

There was a significant difference be-

tween the relative percent of control and

cases in their residence areas.

Table-4: is showing the number and

percentage of the resident areas for both

controls and cases.

Table-5 and 6: are showing the Chi-

square test for the residence areas for cases

according to both lead and cadmium re-

spectively.
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Table-1: Minimum, maximum and Mean ± S.D of age (years) and lead (µg/dL), cadmium

(µg/L), zinc (mg/L), GSH (mmol/Hb), Vitamin C (mg/dl) and MDA (mmol/L)

in group I and II as well as their statistical significance.

Variable

Age 

Lead

(µg/dL)

Cadmium

(µg/L)

Zinc

(mg/L)

GSH

(mmol/Hb)

Vitamin C

(mg/dl)

MDA

(mmol/L)

Group

Group I

Group II

Group I

Group II

Group I

Group II

Group I

Group II

Group I

Group II

Group I

Group II

Group I

Group II

Minimum

21

20

7.49

8.87

2.18

2.27

0.8

0.61

4.92

2.96

0.92

0.53

0.62

0.76

Maximum

32

35

8.32

13.39

3.1

4.5

0.92

0.85

6.23

4.92

1.93

1.02

1.02

2.01

Mean ± S.D

26.29 ± 3.79

28.17 ± 4.53

7.977 ± 3
10.559 ± 1.317

2.74 ± 0.25

3.2 ± 0.65

0.86 ± 0.04

0.76 ± 0.06

5.36 ± 0.4

3.9 ± 0.61

1.34 ± 0.29

0.77 ± 0.15

0.81 ± 0.12

1.45 ± 0.43

Statistical

significance

0.202

0.000*

0.039*

0.000*

0.000*

0.000*

0.000*



Ahmed M.H. et al.,224

Table-2: Mann-Whitney U test of age (years), gestational age (weeks), lead (µg/dL), cad-

mium (µg/L), serum zinc (mg/L), GSH (mmol/Hb), vitamin C (mg/dl) and

MDA (mmol/L) for cases as well as their statistical significance.

P-level

0.202

0.804

0.000*

0.039*

0.000*

0.000*

0.000*

0.000*

Adjuste

d Z

-1.275

-0.248

-5.089

-2.060

-4.362

-5.030

-4.792

-4.244

P-level

0.203

0.808

0.000*

0.039*

0.000*

0.000*

0.000*

0.000*

Z

-1.270

-0.242

-5.083

-2.057

-4.357

-5.023

-4.781

-4.236

U

126

160

0

100

24

2

10

28

Rank sum

group 2

231

281

105

205

417

439

431

133

Rank sum

group 1

510

460

636

536

324

302

310

608

Variable

Age

Gestational age

Lead

Cadmium

Zinc

GSH

Vitamin C

MDA
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Table-3: Spearman's Rank order correlation between the lead (µg/dL) levels and cadmi-

um (µg/L) and, age (years), gestational age (weeks), zinc (mg/L), GSH (mmol/

Hb), vitamin C (mg/dl) and MDA (mmol/L) in both group I and II as well as

their statistical significance.

Pair of Variables

Age and lead

Age and cadmium

Gestational age and Lead

Gestational age And cadmium

Residence and lead

Residence and cadmium

Zinc and Lead

Zinc and cadmium

GSH and Lead

GSH and cadmium

Vitamin C and lead

Vitamin C and cadmium

MDA and lead

MDA and cadmium

Number of

cases

38

38

38

38

38

38

38

38

38

38

38

38

38

38

Spearman R

1.25

-0.163

0.321

-0.255

-0.526

0.392

-0.714

-0.178

-0.684

-0.410

-0.518

-0.324

0.733

0.411

P-value

0.219

0.870

0.049*

0.000*

0.008*

0.057*

0.000*

0.023*

0.000*

0.010*

0.000*

0.047*

0.000*

0.010*
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Table-4: Number and percentage in group I and II concerning their residence.

Variable

Shoubra

(group 1)

Helwan

(group 2)

Embaba

(group 3)

Bulak

(group 4)

Misr El Kadima

(group 5)

Ben El-Sarayat

(group 6)

Group

Group I

Group II

Group I

Group II

Group I

Group II

Group I

Group II

Group I

Group II

Group I

Group II

Number of con-

trols & cases

0

8

2

8

4

4

4

2

2

2

2

0

percent of

controls & cases

0%

33.33%

14.29%

33.33%

28.57%

16.67%

28.57%

8.33%

14.29%

8.33%

14.29%

0%
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Table-5: Chi-square test according to the lead level concerning the residence (p <0.003*).

Dependent

Lead

<= median

> median

Total

observed (obs)

expected(exp.) 

Obs.-exp.

observed (obs)

expected (exp.) 

Obs.-exp.

observed

Group

1

4

4

0

4

4

0

8

total

12

12

24

Group

5

2

1

1

0

1

-1

2

Group

4

2

1

1

0

1

-1

2

Group

3

4

2

2

0

2

-2

4

Group

2

0

4

-4

8

4

4

8

Table-6: Chi-square test according to the cadmium level concerning the residence (p <

0.1992).

Dependent

Cadmium

<= median

> median

Total

observed (obs)

expected (exp.) 

Obs.-exp.

observed (obs)

expected (exp.) 

Obs.-exp.

observed

Group

1

2

4

-2

6

4

2

8

total

12

12

24

Group

5

2

1

1

0

1

-1

2

Group

4

2

1

1

0

1

-1

2

Group

3

2

2

0

2

2

0

4

Group

2

4

4

0

4

4

0

8
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Figure (1): Distribution of the study population according to residence

Figure (2): Mean blood lead level (µg/dL) in cases and controls
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Figure (4): Mean serum zinc (mg/L) in cases and controls

Figure (3): Mean cadmium level (µg/L) in cases and controls
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Figure (6): Mean serum Vitamin C (mg/dl) in cases and controls

Figure (5): Mean serum GSH (mmol/Hb) in cases and controls
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Discussion

In humans, lead-induced effects on re-

productive functions are well documented

in the form of increased number of miscar-

riages, abortions, and stillbirths. Lead

crosses the placental barrier and can easily

reach the fetus. Premature membrane rup-

ture and preterm delivery have been asso-

ciated with high lead content of fetal mem-

branes. There are few data to permit

assessment of the extent to which maternal

exposure levels in a well-controlled, mod-

ern industry are associated with spontane-

ous abortion. At moderately elevated ex-

posure levels, this risk is likely to be

significant (Fischbein, 1998).

In the present study, group II (cases)

had statistically significant higher lead and

cadmium levels than group I (controls).

66.66% of cases were living in Helwan

and Shoubra El-Khema while the remain-

ing were living in other areas, controls

were living in different Cairo areas.

In addition, in the current study, cases

had statistically significant lower serum

zinc, GSH and serum vitamin C levels

with statistically significant higher serum

malondialdehyde levels than controls.

Our findings were in agreement to

those previously obtained by Tabacova et

al. (1994). They demonstrated that mater-

nal exposure to metals (as indicated by

Figure (7): Mean serum MDA (mmol/L) in cases and controls
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blood lead and cadmium) was associated

with a decreased antioxidant protection

and increased lipid peroxidation evidenced

by a decrease in reduced glutathione in

blood. 

On the same ground, Garza et al.

(2006) explained the toxic mechanism of

lead as caused by its ability to substitute

for other polyvalent cations (particularly

divalent cations, such as calcium [Ca2+]

and zinc [Zn2+], decreasing their serum

levels, in the molecular machinery of liv-

ing organisms. These interactions allow

lead to affect different biologically signifi-

cant processes, including metal transport,

energy metabolism, apoptosis, ionic con-

duction, cell adhesion, inter- and intracel-

lular signaling, diverse enzymatic process-

es, protein maturation, and genetic

regulation.

On the same basis, Cekic (1998) found

that cadmium is known to compete with

copper and zinc in the body and could af-

fect their blood homeostasis, as well as the

copper containing proteins. Copper is nec-

essary for the normal physiological activi-

ty of numerous enzymes such as cyto-

chrome oxidase, superoxide dismutase and

uricase. Superoxide dismutase activity can

be affected through competition with zinc. 

Many other studies have shown that

lead and cadmium impair the renal antioxi-

dant defence glutathione and protein-

bound SH groups, resulting in the produc-

tion of reactive oxygen species. As a con-

sequence enhanced lipid peroxidation,

DNA damage and, altered calcium and SH

homeostasis occur (Skoczynska, 1997;

Sarkar, et al., 1997; Karmakar, et al.,

1999; Patra, et al., 1999 and Shaikh, et al.,

1999). These effects have been proved by

reduced activities of total superoxide dis-

mutase, manganese-containing superoxide

dismutase and selenium dependent glutath-

ione peroxidase enzymes in cadmium-

treated rats (Stajn, et al., 1997).

Moreover, the obtained results of Vu-

ral et al. (2000) and Lagod et al. (2001) in-

dicate that spontaneous abortion is accom-

panied by a profound disruption of the

prooxidant-antioxidant homeostasis to-

wards oxidative stress. Increased free radi-

cal activity has been implicated in the

pathogenesis of recurrent abortion.

Our results were in agreement to those

of Jenkins et al. (2000). They observed

that pregnancies that went successfully to

term were associated with increased levels

of ceruloplasmin and superoxide dismu-

tase (SOD) early in the first trimester.

These changes were thought to offer the

cell protection from the damage caused by

the increased oxidative stress associated

with pregnancy. On the contrary, first-
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trimester miscarriage was associated with

increased oxidative stress, significantly re-

duced antioxidant system as manifested by

reduced levels of SOD.

Furthermore, Simsek et al. (1998) and

Prokopenko et al. (2002) observed that the

levels of lipid peroxidation (glutathione)

were increased and the plasma levels of vi-

tamin A, E and beta carotene were de-

creased in women with habitual abortion.

Selenium (one of the antioxidants) is

an essential trace mineral required for nor-

mal human health and reproduction. In re-

cent years selenium deficiency in humans

has been implicated as a risk factor for re-

current pregnancy loss (Rayman, 2000;

Rayman & Rayman, 2002 and Kumar et

al., 2002).

A reduction in serum selenium normal-

ly occurs in the first trimester of pregnan-

cies that progress to term. However, a fur-

ther statistically highly significant

decrease in serum and hair selenium was

observed in those women who miscarried

(Barrington et al., 1996 and Al-Kunani et

al., 2001).

On the contrary, Nicoll et al. (1999)

demonstrated that there is no association

between unexplained recurrent miscarriage

and reduced selenium status, implying that

reduced selenium status is not a factor in

the pathogenesis of recurrent miscarriage. 

Marinov et al. (1998) found a statisti-

cally significant elevation of serum seleni-

um level in cases with missed abortion

comparing with those with normal preg-

nancy.

Conclusion and recommendations

Although various actions have been

taken to decrease the use and distribution

of lead in the environment, it remains a

significant health hazard. The obtained re-

sults indicate that spontaneous abortion is

accompanied by a profound disruption of

the prooxidant-antioxidant homeostasis to-

wards oxidative stress. Increased free radi-

cal activity produced by environmental ex-

posure to lead and cadmium has been

implicated in the pathogenesis of sponta-

neous abortion. 

Industrial areas have been accused as

environmentally polluted with both lead

and cadmium (66.66% of cases were liv-

ing in Shoubra El-Khema and Helwan).

However, long-term studies and epi-

demiological data are necessary to investi-

gate whether honey consumption can exert

overall antioxidant-related health benefits

since Gheldof et al. (2003) found that the

serum antioxidant capacity increased sig-

nificantly by 7% following consumption

of buckwheat honey in water.
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Since selenium supplementation result-

ed in successful pregnancy outcome in vet-

erinary practice, large randomised studies

are needed to assess the contribution of se-

lenium in the etiology of spontaneous

abortion and the potential benefits of its

supplementation during pregnancies.
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