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Abstract
Lead has toxic effects on reproduction of both male and female. It can cause decreased sex
drive, infertility and abnormal menstrual cycle in women. This study was designed to
evaluate the effect of exposure to lead in batteries female workers on sex hormones level in
the serum.Thirty nine (39) female workers (volunteers) in lraqi Batteries Manufacturing
Plants, Al-Waziriya / Baghdad were participated in this study. They are classified into 3
groups, first group included fourteen (14) female that have been employed for 1-7 years ,
second group included thirteen (13) female that have been employed for 8-14 years , third
group included twelve (12) female have been employed for15-22 years and and fourteen
females were included as the control . Blood lead level, serum FSH, LH, prolactin and total
testosterone were measured and compared for all subjects.The results indicated that mean of
blood lead levels (BLL), testosterone levels were highly significant in all worker groups
compared to the control (p<0.005).Prolactin levels in group | and FSH in group Ill were
significantly higher than that in control ( P< 0.005) and (P<0.05) respectively. LH levels in
groups Il and 1l were significantly higher than that in control (P<0.05, P<0.005 respectively).
High incidence of hirsutism (48%) and miscarriages (50%) were observed in worker groups
compared to control (11%). The results indicated that there are hormonal changes in female
workers exposed to lead associated with increased incidence of hirsutism and miscarriages
compared to non exposed females .
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Introduction

Some scientists cautioned the Romans of the
danger of inhaled fumes from lead smelting
With the industrial revolution, lead poisoning
became a common occupational problem.The
reproductive effects of lead poisoning were
also noted by the turn of the century and many
articles describe the high rate of stillbirths,
infertility and abortions among women in the
pottery industry, or who were married to
pottery workers @.

The most important route of
absorption in occupational setting is through
inhalation of lead dust and fumes. In addition,
workers may eat, drink or smoke in lead-dust-
contaminated areas resulting in some ingestion
as well. Storage battery manufacture involves
considerable exposure to lead oxide dust, in
addition to fumes from welding of battery
connector @

Lead can cause decreased sex drive and
infertility in women. In addition, it can cause
abnormal menstrual cycles (dysmenorrhea,
menorrhagia and amenorrhea), premature birth,
spontaneous miscarriages, and stillbirths. The
incidence of polymenorrhea, prolonged and
abnormal menstruations, hypermenorrhea was
significantly higher in the lead exposed group
(female workers of lead battery plants) than in
controls ®. This study was designed to
evaluate the hormonal changes (LH, FSH,
prolactin and testosterone) in women whom
exposed to lead in batteries manufacturing
plants through inhalation and direct contact
with active constituent of batteries.

Subjects and Methods

This study was carried out on female
workers employed in Iragi Dbatteries
manufacturing plants, Babylon 1 and 2 in Al-
Waziriya / Baghdad for the period of three
months from January to April of 2005 .

Thirty nine (39) female workers were
participated in this study , they work 6 hours
per day every other day and had been
employed for at least 1 year in the plant.

The subjects were classified into 3 groups
according to the duration of exposure to lead
(employment in the plant) as follow:

Group [ ,includes fourteen (14) female that
have been employed forl-7 years with range
age (24-50) years (29.2+ 7.2) years.

group II, includes thirteen (13) female that
have been employed for 8-14 years with range
age (30-55) years (37.9+ 7.9) years.

group I includes twelve (12) female that
have been employed for 15-22 years with
range (32-52) years (41.1+ 6) years.
Fourteen healthy women, not exposed
previously to lead with age range (24-50 )
years (29+7.1) were utilized as control.
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Individual questioner protocol was followed
for all women concerned with gynecological
and obstetrical history including married or
not , age of marriage , number of children ,
type of delivery (normal or caesarean section) ,
number of miscarriages, growth of their
infants , if they work during pregnancy ,
regular or irregular menstrual cycles , if they
are with amenorrhea , dysmenorrhea or
menorrhagia . Appropriate day for each female
(between 2™ and 5™ day of menstrual cycle)
was selected to consider follicle phase for
FSH and LH assay , and femalewere advised
to fast 12 hr. before sampling, for appropriate
analysis of prolactin . Blood samples (14 ml)
were drawn from each patient and control by
vein puncture left to clot and serum was
separated by centrifugati on.

Blood lead level swere measured using the
slotted quartz tube method.®.LH ,FSH and
prolactinlevels in serumwere analyzed using
radioimmunoassay ~ methods®®  while
testosterone was assessed according to the
method of Abraham et a ©. All these kits
supplied by Immunotech , A Beckman coulter
company (France).

Independent t-test was used to examine the
difference in the mean of control and workers,
also the differences among worker groups
themselves.P-values < 0.05 were considered as
significantly different. Pearson correlation (r)
was performed to find relationship between
exposure time and testosterone levels.
Results

Table (1) shows the ages and occupational
(exposure) periods of female worker. The
number of married were 3,6,7 in I, I, Il
groups respectively .The mean age of control
group was 29.1 +7.1 years and the number of
married was 5 .

Table (2)shows meanblood lead levelsinal
groups of workers are significantly (p<0.005)
higher than that of the control group. Groups II
and 11l workers have significantly higher blood
lead levels than that of group | workers
(p<0.05) . Serum total testosterone levelsinall
three worker groups were significantly higher
in comparison with that of the control group
(P<0.005). Total testosterone level for group |
workers was the highest one. However group |
workers have a serum total testosterone level
that was significantly higher than that of
groups Il and Il workers (P<0.05).Mean
prolactin level ingroup | workers shows highly
significant increase compared to that of the
control group (P<0.005).While mean prolactin
levels in groups Il and Il were non-
significantly elevated compared with the
control group (P>0.05).Group | workers have
prolactinlevels
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significantly higher than that of groups Il and
Il of workers (P<0.05).Mean FSH level of
group Il workers was significantly elevated
(p<0.05) in comparison with that of the control
group. While mean FSH levels of workers
group | and Il were non-significantly elevated
(P>0.05) compared to control group. .FSH
levels show non significant difference among
worker groups themselves .Mean LH level in
group Il workers was elevated significantly in
compared to that of the control group. LH
level in group Il workers shows a highly
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significant increase compared with control
group (P<0.005).Furthermore mean LH level
in group | workers was non-significantly
elevated (P>0.05) compared to that of the
control group.LH levels show non significant
(P>0.05) difference among worker groups
themselves. There are non significant
differences among LH/FSH ratio in all three
groups of workers and control group
(P>0.05).Also LH/FSH ratio show non
significant (P>0.05) difference among worker
groups.

T able(1)Demographic data of workers and control women.

Groups Age Occupation Number of Number of Total
(mean +SD) period (mean married unmarried
(years) +SD)( years)
I 29.2+7.2 3.6t£1.9 3 11 14
1 37.9+7.9 11.1+1.4 6 7 13
11 41+6 18.2+2.8 7 5 12
Control 290.1+7.1 - 9 5 14

Table (2)Serum levels of lead, testosterone, prolactin, follicle stimulating hor mone (FSH)
leutinizing hor mone (LH) in females working in battery industries.

Parameters Control Group | Group 11 Group Il
Lead(ug/dl) 134445 214+6.7** a 31.6£7** b 29.747.3** b
Testosterone 0.156+0.5 0.458+0.15**a 0.356+0.13**b 0.28+0.1** b
(ng/mi)
Prolactin 8.5+4.1 19.7+119** a 10.7+7.2"b 11.7+¢8.1"b
(ng/mi)
FSH (mlp/ml) 6.9+2.7 13.3+148"a 10.9+8.4"a 14.4+13.6* a
LH (mip/ml) 8.8+3.3 11.1+3.7"%a 14.7+104* a 17.3+9.1** a
LH/FSH 1.2+1.64 0.83+0.45"a 1.3+1"a 1.2+0.85"a
Values are expressed as mean+SD
*p<0.05 significant difference from control group
**p<0.005 highly significant difference from control group
Values with different letters (a,b) are signifigantly different (P<0.05).
Figure (1) shows the correlation between time percentage of hirsutism (17.9%) and

of lead exposure and serumtestosterone levels
in female workers.A negative correlation was
found between time of lead exposure and
serumtestosterone levels(r=-0.43), (P<0.05).

In table (3) all workers groups have

miscarriages (50%) higher than that in control
group. In table (3) all workers groups have
percentage of hirsutism (17.9%) and
miscarriages (50%) higher than that in control
group.

Table (3)Distribution of female wor kers with hirsutism and miscarriges

Variables Group | Group 11 Group 111 Total Control
No. (%) No. (%) No. (%)
Hirsutism 2(14) 2(15) 3(25) 7(17.9) 0(0)
Miscarriages* 1(33) 3(50) 4(57) 8(50) 1(11)
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Figure (1) : Correlation between time
of lead exposure and serum
testosterone.

Discussion

The results indicated that mean of blood |ead
levels (BLL) were significantly higher in all
worker groups compare to the control group
(p<0.005) this may be due to long term
exposure to lead oxidewhich used inbatteries
manufacturing plant. The workers practice in
improper environment, they were not wearing
face mask, cloves with bad ventilation inside
plant rooms, in addition to that workers were
eating inside the manufacturing rooms, which
means they did not follow the conditions of
occupational safety. The workers in group |
had blood lead levels significantly lower than
that in groups Il and 11l ( P< 0.05),this may be
due to longer exposure time in groups Il and
111 than that for group |

It has been reported that patients with blood
lead levels less than 45ug/dl do not require
chelation therapy “?. The mean blood lead
levels in most femal e workers are less than that
reported in previous studies ™*2), because
females in present study are working every
other day in the plant since 1.5 years Jbecause
of shortage of th raw materials

The mean serum testosterone levels in all
worker groups were significantly higher than
that of control group (P<0.005)(table 2).
Figure (1) demonstrated a negative correlation
between time of exposure to lead and serum
testosterone levelsin worker groups .The data
showed an inverse relationship between time
of lead exposure and serum testosterone levels,
this may need further investigations to explain
the correlation. The same results have been
reported by Sokol-Rz ¥, where the rats
treated with various doses of lead acetate for
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more than 1 week exhibited a significant
increase in Gonadotropine releasing hormone
(GnRH) mRNA, but with attenuation of the
increase at higher concentrations of lead with
increased duration of exposure.They concluded
that the signals within and between the
hypothalamus and pituitary gland appear to be
disrupted by long-term, lead exposure.

LH stimulates theca cells of ovary to
produce testosterone infemale Y. However, in
this study, it has been found that as LH level
increases, testosterone level decreases (table
2), indicating that elevation of testosterone
level infemale workers may be extra ovarian.
However most of studies concerninglead were
applied on animal models so it is difficult to
compare present findings with their results.
Group | have a high mean prolactin levels
which are significantly higher than that of
control group ( P< 0.005); while mean
prolactin levels in group Il and group Il were
not significantly different from control group
( P>0.05) (table 2) .Prolactin release from the
pituitary is under tonic inhibitory control from
hypothalamus-derived dopamine or prolactin
inhibitory factor (PIF). Thyrotropin-releasing
hormone (TRH) in turn is stimulatory to
prolactin  release.Estrogen can directly
sensitize the pituitary to release prolactin ®°.
The elevation of prolactin levels in worker
groups could be attributed to that lead affects
dopaminergic control of prolactin secretion
from pituitary gland, according to previous
study on rats ™).

The results demonstrated that only group
Il workers have mean serum FSH level
significantly higher than that of the control
group (P< 0.05) (table 2).The elevation in
serum FSH also reported by Ng et al. 7
where significantly higher serum FSH and
serumLH levelswere observed inlead-battery
male workers , during less than 10 years
exposure period , whereas those exposed for
10 years or more showed normal serum LH
and serum FSH concentrations.However,
Vivoli G et a®  reported negative
relationships between blood lead level and
LH and FSH in males with lead levels higher
than 9ug/dl.

Group | workers are presented with serum
LH not significantly different from that in
control group (P> 0.05) while group Il and I
have mean serum LH significantly higher than
that in control group (P<0.05,P<0.005
respectively) (table 2) . Thiselevationinserum
LH levels are in agreement with that reported
by Rodamilans et al®® who reported that in
lead-smelter workers, serum LH levels are
significantly raised, as compared with control s.
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Furthermore Yen @9 suggested that basal LH
years 35 and continue to climb until several
years after onset of menopause due to decrease
negative feedback controls on production.
Ronis e al. @ stated that, in female rats
exposed to lead prepubertally , delay vaginal
opening  with more severe reproductive
disruption, accompanied by suppression of
circulating estradiol .Effects on circulating sex
steroids were accompanied by variable effects
on circulating LH levels , pituitary LH, and
pituitary LH beta-mRNA. Increase in
hypothalamic levels of Gn RHmMRNA, and an
increase in pituitary levels of LH mRNA and
pituitary stores of LH in lead dosed animals.
This increase due to lead disrupts the
reproductive axis by interfering with feedback
mechanisms at the hypothalamic and pituitary
levels @2,

In this study the results indicated that lead
exposure has no effect on LH/FSH ratio in
female workers.Elevated basal LH with an
LH/FSH ratio >2 and some increase of ovarian
androgen in an essentially non ovulatory adult
women is presumptive evidence of polycystic
ovary syndrome. A high serum FSH to LH
ratio (1.9 to 3.8) has been observed in post
menopausal women. Hypogonadism is usually
associated with increased both FSH and LH
levels ; while decreased FSH and LH may
occur in pituitary or hypothalamic failure .
Table (3) showed high incidence of hirsutism
(48%) in working women in batteries plant
than in control group (0%). Also percentage of
hirsutism in female worker groups increased
with increasing exposure time to lead. Some of
workers had hirsutism, their serum testosterone
levels were high, and this type of hirsutism
seems to be androgen induced hirsutism
(hyperandrogenism). In this study in spite of
decreased serum  testosterone levels with
prolonged exposure time (fig.1), percentage of
hirsutism increased as time of exposure
increased ( table 3), so it can be concluded
that hirsutism may depend on many factors
other than androgen (testosterone) levels in
female exposed to lead.When hirsutism is
associated with obesity and menstrual
abnormalities, the source of androgen excess is
often ovarian, typically polycystic ovary
syndrome. When it is associated with average
weight and normal menses, the source is often
adrend and rarely (in <5% of cases)
pituitary®®. Table (3) showed increased
incidence of miscarriages in female worker
groups (50%) compared to control group
(11%). Lead has toxic action on the
trophoblastic epithelium and tonic contraction
of the uterus. It therefore results either in
abortion or a dead fetus @,
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and FSH levels gradually rise after the age of

In this study when lead exposure time
increased, percentage of miscarriages also
incressed (table 3).Much of the previous
literatures focused on an increased incidence
of spontaneous abortion and stillbirth
associated with lead exposure in the workplace
©5.2) Other studies have examined the issue of
lead's involvement in spontaneous abortion,
stillbirth, preterm delivery, and low birth
weight. Women in the studies in Boston @7,
Cleveland @, Cincinnati ®®, and Port Pirie ®
had average blood lead concentrations during
pregnancy of 5-10 pg/dl; almost all had blood
concentration less than 25 pg/dl. In the
Cincinnati study, gestational age was reduced
about 0.6 weeks for each natural log unit
increese in blood lead concentrations.
However, the Cincinnati and Port Pirie studies
found a lead related decrease in duration of
pregnancy, and Cincinnati and Boston studies
reported a lead-related decrease in birth
weight .In conclusion there are evident
changes in sex hormones due to exposure of
female workers to lead in Battery
manufacturing plant.

References

1.Needleman HL. The persistant threat of
lead: Medical and sociological issues. Curr
proble pediatr. 1988; 18: 702-744.

2.0liver, P. A lecture on lead poisoning and
the race:. Med. ., 1911 : 1096-1098.

3.Saryan LA, Zenz C. Lead and its
compounds. In Zenz C, Dickerson OB,
Horvath EP Jr, eds: Occupational Medicine. 3¢
ed. St. Louis, Mosby, 1994, pp 506-541.
4.Tang,-N; Zhu,-Z-Q. Adverse reproductive
effects in female workers of lead battery
plants: Int-J- occup-Med. Environ. Health.
2003; 16(4): 359-361.

5.Brown A. A., Halls D. J. and Taylor A. J.
Blood lead assay: Anal. Atomic spectrose.
1989; 4:47.

6.Marshall, John R. "Induction of ovnlation:
Clin. Obst. And Gyn., 1978; 21 (1): p. 147.
7.Pierce,G and Parsons ,T. F. "glycoprotein
hormones: Structure and function. Ann. Rev.
biochem. 1981; 50: 465.

8.Rose MP. FSH international standard and
reference preparation

for the calibration of immunoassay and
bioassays. Clin.Chem.Acta.1988;273(2):103-
117.

9.Abraham GE, Maroulis G.B, Buster J.E.,
Chang R.J. and Marshal JR .Tota
testosterone assay. Obstet Gynecol. 1976; 47:
395.



Iragi J.Pharm.Sci., Vol .15 (2) ,2006

10. Cossel Thomas. Metal. In : Principle
of clinical toxicology. New Y ork, Ravenpress.
11. Abbas, Basher KA. The role of oxidative
stress inLead poisoning. MSc. Thesis, college
of pharmacy -Baghdad University, 2001,

ch.3:p.61.
12. Saloom, Mustafa G.Effects of zinc in
ameliorating oxidative stress in lead

poisoning .MSc thesis, college of pharmacy —
Bag) hdad University,2002;ch.3: p.33.

13. Sokol. RZ; Wang-Saixi; Wan-yu jui-Y;
Stanczyk-FZ; Gent 25 Chein-E; Chapin- RE.
Low-Dose lead exposure alter the
Gonadoropin-Rel easing hormone systemin the
male rat. Environmental -Health-perspectives,
2002, vol. 110, no. 9, pp. 871-874.

14. Stuart Campbell and Ashmonga. The
normal menstrual cycle. In: Gynaecology by
ten teachers, 17 th edition, 2000; ch. 4:pp. 39-
40.

15. Kaplan, Lawrence A., Amadeo J. Pesce,
Steven C. Kazmierczak: Prolactin. Clinical
chemistry : 4™ edition, Mosby
company ,Toronto. 2003, vol. 2; ch. 43: pp.
818-819.

16. Govoni S, Lucchi L, Battaini F, Spano PF,
Trabucchi M. Effect of lead on prolactin.
Toxicol Lett. 1984; 20 (3): 237-241.

17. Ng, T. P. ; Goh, H. H.; Ng, Y.L.; et al.
Male endocrine function in workers with
moderate exposure to lead . Br. J. Ind. Med.
1991: 48: 485-491.

18. Vivoli G, Fantuzzi G, Bergom M, Tonell
E, Gatto MR, Zanetti F, Del Dot M.
Relationship between low lead exposure and
Somatic growth in adolescents. J. Expo. Anal.
Environ. Epidemiol. 1993; 3 suppl. 1:201.

19. Rodamilans M, Martinez-Osaba MJ. To-
Figureas J, et al. Lead toxicity on endocrine
testicular function in an occupationaly
exposed population. Human Toxicol. 1988; 7:
125-128.

20. Yen, S.S.C.The human menstrual cycle:
Neuroendocrine regulation. In: Reproductive
Endocrinology, S. S. C. Yen and R. B, Jaffe,

28

Sex Hormones Changes

1994:¢ch.9.p.194.

Eds. Philadel phia, W.B. Saunders co. 1991, P.
P.273-308.

21. Ronis-MJ, Badger TM, Shemo SJ,
Roberson PK, sheikh F.Reproductive toxicity
and growth effects in rats exposed to lead at
different periods during development. Toxicol .
Appl. Pharmacol. 1996; 136(2): 361-371.

22. Heindel .The effect of lead on
Hypothalamic /Pituitary/ Gonadal axis. NIEHS
(National Institute of Environmental Health
Sciences),2001.

23. Fischbach ,Francis . Bilirubin. In: A
manual |aboratory and diagnostic test, 6" ed.
Philadelphia: Lippincott , 2000; ch. 6; 385-
387.

24. Bergfeld ,Wilma F. Hirsutism in women.
Postgraduate medicin 2000; vol. 107: No. 7: P.
11.

25. California code regulation, title 8,section
1532.1.Lead,Appendex C, 2004(internet).

26. Lane R. E. The care of the lead worker.
Br. J. Ind. Med. 1949; 6:125-143.

27. Bellinger D, Sloman J, Leviton A, M.
Rabinowitz, H.L . Needleman , C .Waternaux.:
low-level lead exposure and children's
cognitive function the pre-school
years .Pediatrics .1991; 87: 219-227.

28. Emhart, C. B., A. W. Wolf, M. J.
Kennard, P. Erhord, H. F. Filiporich and R. J.
Sokol. Intrauterine exposure to low levels of
lead: the status of the neonate, Arch. Environ.
Health, 1986; 41: 287-291.

29. Bornschein, R. L., P. A. Succop, K. M.
Krafft, C. S. Clark, B. Peace, and P. B.
Hammond. Enterior surface dust |ead, interior
house dust |ead and childhood lead exposure in
an urban environment. Trace substances
Environ. Health, 1987; 20: 322-332.

30. Mc Michael AJ, Vimpani GV, Robertson
EF et a. The Port Pirie Cohort study:
maternal blood lead and pregnancy outcome. J
Epidemiol. Cancer Health 1986; 40:18.



