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Sensitization to inorganic mercury could be
a risk factor for infertility
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Abstract

INTRODUCTION: Heavy metals can negatively influence the reproduction due to the
fact that they are able to impair the immune reactions including autoantibody pro-
duction in susceptible individuals. In such a way the infertility could be also caused
by altered pathologic immune reaction.

AIM OF THE STUDY: To investigate the in vitro lymphocyte reaction after stimula-
tion with metals and production of gamma interferon and antisperm antibodies
in supernatants after lymphocyte stimulation in patients with infertility and with
proven antisperm antibodies in their serum. The cause of antisperm antibodies
presence was not determined.

METHODS: The diagnosis of metal allergy was performed by the lymphocyte pro-
liferation method modified for metals (MELISA®). In supernatants of tissue cul-
tures of lymphocytes without the antigen stimulation and after stimulation with
mercury chloride, the in vitro production of gamma interferon and antisperm
antibodies was studied by ELISA.

RESULTS: More than 50% of patients were reacting to mercury, iron, aluminium
and silver as mean by lymphocyte reactivity. When compared the lymphocyte
reaction in patients with and without mercury allergy we found that the lympho-
cytes of patients with mercury intolerance produced less gamma interferon and
more antisperm antibodies in supernatants after mercury stimulation of their
lymphocytes.

CONCLUSION: In patients with metal intolerance diagnosed by the MELISA® test
the release of metal ions from dental materials can be one of the stimulating fac-
tors which may adversely affect fertility.
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Introduction

Infertility is currently a growing problem. The rea-
sons for infertility may be due to endocrine, genetic,
anatomical, immunological or psychogenic problem. It
is well known that one of the immunological infertility
may be caused by decreased mobility of spermatozoa
induced by various physical and biochemical factors.
The external sperm membrane consists of soluble anti-
genic components and in some cases can induce the
production of auto-(iso-)antibodies [1].

Heavy metals are biologically active substances and
may in susceptible individuals affect the immune system
and cause health disturbances. Heavy metals are known
to induce so called cellular hypersensitivity (delayed
type or type 4 reaction) but humoral responses may be
affected as well. An association between undesirable
reaction to metals and presence of autoantibodies has
been suggested by several authors [2,3,4]. Changes in
cytokine production were reported by others [5,6,7,8,9].
Since metals such as mercury, cadmium and lead are
toxic in relatively low concentrations [10], undesirable
reactions caused by metal antigens may further compli-
cate the health status of the patient. Patients with auto-
immune and allergic diseases may be particularly vul-
nerable [11]. Metal-induced reactions are influenced by
genetic background in experimental animals [12] and
associated with certain HLA antigens in man [13].

Association between the exposure to organic and
inorganic mercury and male infertility has been
described by Choy and Hanf with coworkers [14,15].
The exposition to lead and cadmium resulted in the
decrease of fertility and in lower quality of sperm as
described by several authors [16-20].

Dental amalgam, the most frequently used dental
alloy worldwide, is considered as risk factor of preg-
nancy by Pleva [21]. The aim of this study was to exam-
ine the in vitro lymphocyte reactivity to wide range of
metals in infertile men and women with anti-sperm
antibodies. A modified lymphocyte stimulation test, so
called MELISA®, was used and the production of inter-
feron y (IFN-y) and anti-sperm antibodies in lympho-
cyte cultures was also determined.

Materials and methods

Patients included in the study were originally referred
to The Clinic of Obstetrics and Gynecology, University
Hospital, Charles University, Pilsen, Czech Republic.
One hundred two subjects were asked to complete a
questionnaire regarding metal exposure; among others
(occupational exposure, family exposure, residence near
sites of pollution, dental restoration, body implants,
smoking, tattoos, piercing, vaccination, eye drops use,
cosmetics use, diet, chewing) regarding the number and
quality of dental metal restorations. Forty patients out
of 102 subjects asked to participate, twenty women and
twenty men, (mean age 34.6 years, range 26—47 years)
agreed to participate in the study. All subjects were
treated for primary infertility (unknown patient’s inabil-
ity to have own child) and had anti-sperm antibodies in

their blood. Another selection criteria was the presence
of only amalgam restorations in the oral cavity. All 40
patients fulfilled this criteria. The study was approved
by Ethical Committee of Czech Ministry of Health.
Patients were informed about the aim of the study and
have given their informed consent. Depending on reac-
tivity to inorganic mercury in MELISA®, patients were
divided into two groups (responder and non responder
group) before further immunological evaluation.

Control group consisted of eight healthy fertile
persons (5 women and 3 men) in the age range 23-54
years (mean 35 years). Control subjects had no anti-
sperm antibodies detected in their blood. The control
group had similar amalgam restorations as the infertile
group.

All patients as well as controls were examined by the
dentist and their dental restorations were validated as
dental score.

Detection of anti-sperm antibodies in serum was
performed by Tray agglutinin test and by mixed reac-
tion anti-globulin test (MAR-test) [22].

The MELISA® test is based on evaluation of prolif-
eration of peripheral blood memory cells in vitro after
incubation with metal salts [23,24]. Heat-inactivated
autologous serum was used for cultivation of lympho-
cytes [25]. Thirty millilitres of peripheral venous blood
was collected and mixed with the equal amount of RPMI
1640 medium containing 10 mM HEPES, gentamycin
and glutamine. The blood was layered on Ficoll-Paque
gradient (Pharmacia, Sweden) and centrifuged at 600
g for 30 minutes. Mononuclear cells were collected
from the interface, washed twice and mixed with 5 ml
of RPMI 1640 medium containing 20% of inactivated
autologous serum. Plast-adherent cells were partly
depleted from leukocyte suspension by incubation on
plastic surfaces for 40 minutes at 37°C. After incuba-
tion, the lymphocytes were counted and diluted with
RPMI 1640 enriched with 10% of autologous serum and
glutamine into a final dilution of 1x10° cells/ml. Lym-
phocytes were cultivated for five days with metal salts
in an atmosphere of 5% carbon dioxide in humidified
air at 37°C. The details such as the metal salts used and
their concentrations are described in [23]. Control cul-
tures were incubated under the same conditions in the
absence of metal salts. As a positive control, lympho-
cytes were cultivated with pokeweed mitogen (10 pg per
ml, Sigma, USA). After 5 days, lymphocyte proliferation
was measured with the help of 3H thymidine incorpo-
ration (Lacomed, Czech Republic) as described previ-
ously [23] .

The rate of lymphocyte proliferation in metal-treated
cultures was compared to the rate in non-stimulated
cultures and evaluated by stimulation index (SI). SI=
counts per minute in metal-treated cultures divided by
counts per minute in non-treated cultures. Stimulation
index less than 2 was regarded as negative reaction, SI
2.01-3 as weakly positive reaction, SI 3.01-10 as positive
reaction and SI higher than 10 was regarded as strongly
positive reaction [23].

Commercial ELISA kit (Serotec, USA) was used for
the measurement of cytokine IFN-y in supernatants of
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Figure 1: Reaction of infertile patients
to metals used in dental amalgam
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Ag 20 tested women and 20 tested men).
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lymphocyte cultures after 5 days cultivation. Results are
presented as geometrical means of individual values of
IFN-y content (ng/ml). This assay can detect the levels
of interferon from 0 to 10 ng/ml.

The commercial kit Spermatozoa Antibody ELISA
(IBL GmbH Hamburg, Germany) was used for the mea-
surement of the anti-sperm antibodies in lymphocyte
cultures after 5 days. Results are presented as arith-
metic means of the antibody values (mU/100 ul). The
detection levels of the kit were from 10 to 284 mU/100
microlitres.

The results of MELISA® were evaluated by Fisher’s
exact test and by Student’s paired t-test. Student’s paired
t-test was used to compare the values of IFN-y and of
anti-sperm antibodies in lymphocyte cultures of two
groups of patients.

Results

Reactivity of infertile men and women to metals
being commonly used in dental amalgam is shown in
Fig. 1. Fifteen women out of 20 tested (75%) and 15 men
out of 20 tested (75%) responded to inorganic mercury

with increased lymphocyte proliferation. Lymphocyte
stimulation with other metals often used in dentistry
or present in the environment are shown in Fig.2. More
than one half of tested patients showed positive reaction
to iron and to aluminium. Positive responses to other
metals were seen less frequently (in 20-25% tested
persons to cadmium and platinum, in 10-20% tested
persons to titanium, organic mercury, lead, nickel,
chromium, molybdenum, gold and zinc). The results
of organic mercury reaction are presented as the mean
value for four forms tested — methylmercury, ethylmer-
cury, phenylmercury and thimerosal. Significant differ-
ence in the reactivity of lymphocytes to metals between
men and women was detected only for cadmium but
not for other metals (Fig.2).

Based on the results patients were divided into two
groups (responders and non responders) depending
on their lymphocyte reactivity to inorganic mercury in
vitro.

The responder group consisted of 30 patients (15
men and 15 women) and the non responder group con-
sisted of 10 patients (5 men and 5 women). The pro-
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duction of anti-sperm antibodies and of cytokine IFN-y
was further determined.

The results of the cytokine IFN-y production in lym-
phocyte cultures are shown in Fig 3. Significantly higher
production of IFN-y was found in supernatants from
responder lymphocyte cultures treated with mercury
chloride (3.28 ng/ml) as compared to non responders
(0.45 ng/ml, P <0,05). The difference in the concen-
tration of IFN-y in supernatants from responder lym-
phocyte control cultures and in supernatants from non
responder control cultures was also significant (0.51
ng/ml and 0.08 ng/ml, P<0,05). We didn’t find any sig-
nificant difference between the genders in IFN-y pro-
duction.

Titres of anti-sperm antibodies of lymphocyte cul-
tures with and without cultivation with mercury chlo-
ride are shown in Fig 4. In mercury-stimulated cultures
the amount of anti-sperm antibodies was higher in
responders as compared to the non responders (53.4
mU/100pul and 20.4 mU/100pl respectively, P<0,05).

Surprisingly, some anti-sperm antibodies were also
found in control cultures. The titre of anti-sperm anti-
bodies in control cultures was also higher in super-
natants from responders as in non responders (58.0

mU/100pul and 17.9 mU/100pl respectively, P<0,05).
We didn't find any significant difference between the
genders in anti-sperm antibodies production.

After evaluation of questionnaires we did not find
any dose-response relationship between the number of
amalgam restorations and positive responses to mercury
in vitro. In control fertile group we have found positive
reaction in MELISA® test only in one woman to lead
and in two women to inorganic mercury. Quite mini-
mum amounts of anti-sperm antibodies were present
in lymphocyte cultures from the fertile group (control
culture - 2.5 mU/100pl, mercury-treated culture - 2.1
mU/100ul) and titres of IFN-y in control group (control
culture - 0.07 ng/ml, mercury-treated culture - 0.39 ng/
ml) were similar to these in non responder group.

Discussion

In this study, infertile patients frequently showed
increased lymphocyte stimulation in vitro to inorganic
mercury and other metals ubiquitous in the environ-
ment. Compared to fertile group the results in infertile
patients were significantly higher for all metals tested.
The highest reactivity was detected to inorganic mer-
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cury, followed by iron and aluminium. Mercury is main
component of dental amalgam, a frequently used dental
material in restorative dentistry.

Increased in vitro lymphocyte stimulation triggered
by mercury may indicate the possibility of mercury-
induced inflammation in vivo. It is generally accepted
that some metals, such as nickel, chromium, cobalt,
mercury and gold are highly allergenic as demonstrated
by standard patch testing and often cause oral lichen
planus [26,27,28], contact allergy [29,30,31,32] or
fatigue and autoimmunity [33]. During the last years
there has been an increase in diseases characterized by
hyporeactivity or hyperreactivity of the immune system.
In young generation, infertility is now affecting one
couple in six [34,35]. This may be due to the decrease
in sperm quality as described previously [36,37,38].
Various other factors such as exposure to heavy metals
[15,16,18,20,21,39], diet [14], smoking [17,19,35,40]
and diverse environmental factors [37,38,41] were
implicated to explain infertility in men and women.
The most frequent factors implicated in male infertil-
ity are occupational exposure to heavy metals, such as
Cd, Pb, Mn and Hg, to pesticides and solvents, smoking
(exposure to Cd, Pb, Hg, Ni, Ar, Mn) and diet rich in
sea food (exposure to methylmercury). In women, diet
rich in sea food (exposure to methylmercury), delayed
childbearing, changes in sexual behavior, smoking and
long-term use of contraceptives are most often impli-
cated. Contraceptives such as vaginal gels may contain
mercury preservatives.

In the context of autoimmune etiology we postulate
that metals might participate in autoantibodies forma-
tion and inflammation reactions that may have negative
impact on the outcome of pregnancy. Infertile men have
high levels of anti-sperm antibodies in the blood and
the ejaculate, which implies clinical relevance of anti-
sperm antibodies [1]. In genetically susceptible animals,
mercury and gold induce local and systemic autoimmu-
nity [42-46]. Since our patients were exposed to amal-
gam, the negative effect of inorganic mercury leaking
from amalgam restorations and affecting the outcome
of pregnancy cannot be excluded.

The group from Heidelberg (Germany) reported
that removal of mercury and other metals by chelation
with DMPS (2,3-dimercaptopropan-1-sulfonic acid,
sodium salt) improved the spontaneous conception
chances of infertile women [39].

The study of cytokine pattern in responders and non
responders showed that IFN-y production in mercury-
treated cultures in both groups increased as compared
to IFN-y production in control cultures. Increase in
IFN-y production was higher in non responder group
as in responders. This could possible be due to different
kinetics in the production of cytokine where responder
cultures produced IFN-y during 24 to 48 hours. Since
cytokine measurement was performed at the end of the
culture, the cytokine synthesis could have been down-
regulated in responder cultures.

Regarding the titers of anti-sperm antibodies, the
responder group had at least three times higher levels
of anti-sperm antibodies in the culture supernatant as

Sensitization to inorganic mercury could be a risk factor for infertility

did the non responder group. The presence of mercury
in the cultures did not affect the levels of anti-sperm
antibodies. The low presence of anti-sperm antibod-
ies in control group might be due to its low content in
patient’s sera used for lymphocyte culture cultivation.
We can speculate that mercury-sensitive individuals
(responders) may have activated B lymphoblasts in the
blood which may secrete anti-sperm antibodies during
the cultivation in vitro. The clinical relevance of anti-
sperm antibodies for infertility has been described in
workers occupationally exposed to mercury [47].

Some authors reviewed that existing scientific evi-
dence does not demonstrate that mercury from dental
amalgam poses a public health hazard [48]. Although
there exists a controversy regarding the effects of dental
amalgam on health [48,49], there is accumulating evi-
dence of pathological effect of mercury on susceptible
individuals [7,11,12,13,21,33,50] and on susceptible
groups such as fetuses and young children [51-4].

In conclusion, results of this study indicate that mer-
cury from amalgam fillings could be a risk factor which
could negatively influence fertility in metal-sensitive
patients.

Acknowledgements

This study was supported by Grant of Czech Minis-
try of Health nr. NK 7722-3.

REFERENCES

1 Ulcova-Gallova Z. Diagnosis- infertility. Attack of antibodies.
Praha: Petrklic; 1999. (In Czech)

2 Frank |, Bieger WP. Autoimunitdt bei Patienten mit zelluldrer Sen-
sibilisierung gegentiber Dentalmetallen. Immun Infekt 1997;
2:70-76. (In German)

3 Kosuda LL, Greiner DL, Bigazzi PE. Effects of HgCl, on the expres-
sion of autoimmune responses and disease in diabetes-prone BB
rats. Autoimmunity 1997; 26(3):173-187.

4 Pusey CD, Bowman C, Morgan A, Weetman AP, Hartley B, Lock-
wood CM. Kinetics and pathogenicity of autoantibodies induced
by mercuric chloride in the brown Norway rat. Clin Exp Immunol
1990; 81(1):76-82.

5 Kaminska T, Filar J, Madej E, Szuster-Ciesielska A, Kandefer-Sz-
erszen M. Modification of bovine interferon and tumor necrosis
factor production by lead in vivo and in vitro. Arch Immunol Ther
Exp (Warsz.) 1998; 46(5):323-328.

6 O’Brian-Ladner AR, Nelson SR, Murphy WJ, Blumer BM, Wesselius
LJ. Iron is a regulatory component of human IL-1 beta produc-
tion. Support for regional variability in the lung. Am J Respir Cell
Mol Biol 2000; 23(1):112-119.

7 Rausch-Fan X, Schedle A, Franz A et al. Influence of dental amal-
gam and heavy cations on in vitro interleukin-1beta production
by human peripheral blood mononuklear cells. J Biomed Mater
Res 2000; 51(1):88-95.

8 Bostofte E, Serup J, Rebbe H. Has the fertility of Danish men de-
clined through the years in terms of semen quality? A compari-
son of semen qualities between 1952 and 1972. Int J Fertil 1983;
28(2):91-95.

9 Pelletier L, Pasquier R, Rossert J, Vial MC, Mandet C, Druet P. Au-
toreactive T cells in mercury-induced autoimmunity. Ability to
induce the autoimmune disease. J Immunol 1988; 140:750-754.

10 Lawrence DA. Posited mechanisms of metal immunotoxicity.
Hum Exp Toxicol. 1995; 14:114-116.

11 Bartova J, Prochazkova J, Kratka Z, Benetkova K, Venclikova Z,
Sterzl |. Dental amalgam as a risk factor in autoimmune diseases.
Neuroendocrinol Lett 2003; 24(1-2):65-67.

Neuroendocrinology Letters No.4 August Vol.26, 2005 Copyright © Neuroendocrinology Letters ISSN 0172-780X www.nel.edu

281



Stepan Podzimek, Jarmila Prochazkova, Lenka Bultasova, Jirina Bartova, Zdena Ulcova-Gallova, Lubor Mrklas & Vera DM Stejskal

12 Bigazzi PE. Autoimmunity induced with metals. In : Chang LW,
ed. Toxicology of metals. The USA: CRC Press, Inc 1996; 835-853.

13 Prochazkova J, Bartova J, Ivaskova E, Kupkova L, Sterzl I, Stejs-
kal VDM. HLA - association in patients with intolerance to mer-
cury and other metals in dental materials. Disease Markers 2000;
16:135-138.

14 Choy CM, Lam CW, Cheung LT, Briton-Jones CM, Cheung LP,
Haines CJ. Infertility, blood mercury concentrations and dietary
seafood consumption. BJOG 2002; 109(10):1121-1125.

15 Hanf V, Forstmann A, Costea JE, Schieferstein G, Fischer I, Sch-
weinsberg F. Mercury in urine and ejaculate in husbands of bar-
ren couples. Toxicol Lett 1996; 1-3:227-231.

16 Chia SE, Ong CN, Lee ST, Tsakok FH. Blood concentrations of lead,
cadmium, mercury, zinc and copper and human semen param-
eters. Arch Androl 1992; 29(2):177-183.

17 Chia SE, Xu B, Ong CN, Tsakok FM, Lee ST. Effect of cadmium and
cigarette smoking on human semen quality. Int J Fertil Meno-
pausal Stud 1994; 39(5):292-298.

18 Gennart JP, Buchet JP, Roels H, Ghyselen P, Ceulemans E, Lauw-
erys R. Fertility of male workers exposed to cadmium, lead or
manganese. Am J Epidemiol 1992; 135(11):1208-1219.

19 Omu AE, Dashti H, Mohamed AT, Mattappallil AB. Significance
of trace elements in seminal plasma of infertile men. Nutrition
1995; 11(5 Suppl):502-505.

20 Telisman S, Cvitkovic P, Jurasovic J, Pizent A, Gavella M, Rocic B.
Semen quality and reproductive endocrine function in relation
to biomarkers of lead, cadmium, zinc and copper in men. Environ
Health Perspect 2000; 108(1):45-53.

21 Pleva J. Dental Mercury - A Public Health Hazard. Rev Environ
Health 1994; 1:1-27.

22 Ul¢ova-Gallovéd Z. Mixed antiglobulin reaction (MAR-test) as a
screening procedure for antisperm antibodies. Int J Fertil 1994;
39:185-191.

23 Stejskal VDM, Cederbrandt K, Lindvall A, Forsbeck M. MELISA - an
in vitro tool for the study of metal allergy. Toxicol. In vitro 1994;
5:991-1000.

24 Stejskal VDM, Forsbeck M, Cederbrandt K, Asteman O. Mercury-
specific lymphocytes: an indication of mercury allergy in man. J
Clin Immunol. 1996; 1:31-40.

25 Prochazkova J, Bartova J, Sterzl |, Kucerova H. The reaction to
metals in workers in dentistry and metal industry. Prakt Zub Lek
1999; 3:81-93 (In Czech).

26 Athavale PN, Shum KW, Yeoman CM, Gawkrodger DJ. Oral lichen-
oid lesions and contact allergy to dental mercury and gold. Con-
tact Dermatitis 2003; 49(5):264-265.

27 Thornhill MH, Pemberton MN, Simmons RK, Theaker ED. Amalgam-
contact hypersensitivity lesions and oral lichen planus. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2003; 95(3):291-299.

28 Wong L, Freeman S. Oral lichenoid lesions (OLL) and mercury in
amalgam fillings. Contact dermatitis 2003; 48(2):74-79.

29 AgnerT, Johansen JD, Overgaard L, Volund A, Basketter D, Menne
T. Combined effects of irritants and allergens. Synergistic effects
of nickel and sodium lauryl sulfate in nickel-sensitized individu-
als. Contact Dermatitis 2002; 47(1):21-26.

30 Basketter DA, Angelini G, Ingber A, Kern PS, Menne T. Nickel,
chromium and cobalt in consumer products: revisiting save lev-
els in the new millenium. Contact Dermatitis 2003; 49(1):1-7.

31 Jensen CS, Lisby S, Larsen JK, Veien NK, Menne T. Charakterisa-
tion of lymphocyte subpopulations and cytokine profiles in pe-
ripheral blood of nickel-sensitive individuals with systemic con-
tact dermatitis after oral nickel exposure. Contact Dermatitis
2004; 50(1):31-38.

32 Jensen CS, Menne T, Lisby S, Kristiansen J, Veien NK. Experimen-
tal systemic contact dermatitis from nickel: a dose-response
study. Contact Dermatitis 2003; 49(3):124-132.

33 Sterzl |, Prochazkova J, Hrda P, Bartova J, Matucha P, Stejskal VD.
Mercury and nickel allergy: risk factors in fatigue and autoimmu-
nity. Neuroendocrinol Lett 1999; 20(3-4):221-228.

34 Brugo-Olmedo S, Chillik C, Kopelman S. Definition and causes of
infertility. Reprod Biomed Online 2001; 2(1):41-53.

35 Sundby J. Methodological considerations in the study of fre-
quency, risk factors and outcome of reduced fertility. Scand J Soc
Med 1989; 17(2):135-140.

36 Roos A, Claessen N, Weening JJ, Aten J. Enhanced T lymphocyte
expression of LFA-1, ICAM-1, and the TNF receptor family mem-
ber 0X40 in HgCl,-induced systemic autoimmunity. Scand J Im-
munol 1996; 43:507-518.

37 Sinawat S. The environmental impact on male fertility. ] Med As-
soc Thai 2000; 83(8):880-5.

38 International workshop on the Impact of the Environment on Re-
productive Health (1991: Copenhagen). Impact of the environment
on reproductive health. Prog Hum Reprod Res 1991; 20:1-11.

39 Gerhard I, Monga B,Waldbrenner A, Runnebaum B. Heavy metals
and fertility. J Toxicol Environ Health 1998; 54(8):593-611.

40 Suska F, Esposito M, Gretzer C, Kalltorp M, Tengvall P, Thomsen P.
IL-1 alpha, IL-1 beta and TNF-alpha secretion during in vivo/ex
vivo cellular interactions with titanium and copper. Biomaterials
2003; 24(3):461-468.

41 Oliva A, Spira A, Multigner L. Contribution of environmental fac-
tors to the risk of male infertility. Hum Reprod 2001; 16(8):1768-
1776.

42 Bigazzi PE. Metals and kidney autoimmunity. Environ Health Per-
spect. 1999; 107 Suppl 5:753-65.

43 Bigazzi PE. Autoimmunity and heavy metals. Lupus 1994;
3(6):449-453.

44 Bigazzi PE, Kosuda LL, Hannigan MO, Whalen B, Greiner DL. Lack
of graft-versus-host-like pathology in mercury-induced autoim-
munity of Brown Norway rats. Clin Immunol 2003; 109(2):229-
237.

45 Kosuda LL, Hannigan MO, Bigazzi PE, Leif JH, Greiner DL. Thymus
atrophy and changes in thymocyte subpopulations of BN rats
with mercury-induced renal autoimmune disease. Autoimmu-
nity 1996; 23(2):77-89.

46 Kosuda LL, Whalen B, Greiner DL, Bigazzi PE. Mercury-induced
autoimmunity in Brown Norway rats: kinetics of changes in RT6+
T lymphocytes correlated with IgG isotypes of circulating auto-
antibodies to laminin 1. Toxicology 1998; 125(2-3):215-231.

47 El-Fawal HAN, Waterman SJ, DeFeo A, Shamy MY. Neuroimmu-
notoxicology: Humoral assessment of neurotoxicity and au-
toimmune mechanisms. Environmental Health Perspectives
Supplements1999; 5:767-777.

48 Flanders RA. Mercury in dental amalgam-a public health con-
cern? J Public Health Dent 1992; 52(5):303-311.

49 Mutter J, Naumann J, Sadaghiani C, Walach H, Drasch G. Amal-
gam studies: disregarding basic principles of mercury toxicity.
Int J Hyg Environ Health 2004; 207(4):391-397.

50 Mutter J, Naumann J, Sadaghiani C, Schneider R, Walach H. Al-
zheimer disease: mercury as pathogenic factor and apolipopro-
tein E as a moderator. Neuro Endocrinol Lett 2004; 25(5):331-
339.

51 Budtz-Jorgensen E, Grandjean P, Keiding N, White RF, Weihe P.
Benchmark dose calculations of methylmercury-associated neu-
robehavioural deficits. Toxicol Lett 2000; 112-113:193-199.

52 Grandjean P, Budtz-Jorgensen E, White RF, Jorgensen PJ, Weihe P,
Debes F, Keiding N. Methylmercury exposure biomarkers as indi-
cators of neurotoxicity in children aged 7 years. Am J Epidemiol
1999; 150(3):301-305.

53 Sorensen N, Murata K, Budtz-Jorgensen E, Weihe P, Grandjean
P. Prenatal mercury exposure as a cardiovascular risk factor at
seven years of age. Epidemiology 1999; 10(4):370-375.

54 Grandjean P, Jorgensen PJ, Weihe P. Human milk as a source of
methylmercury exposure in infants. Environ Health Perspect
1994; 102(1):74-77.

282

Neuroendocrinology Letters No.4 August Vol.26, 2005 Copyright © Neuroendocrinology Letters ISSN 0172-780X www.nel.edu



