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ORIGINAL ARTICLE / OZGUN ARASTIRMA

Evaluation of folate and vitamin B12 levels in lead exposed workers

Kursun maruziyeti olan iscilerde folat ve vitamin B12 seviyelerinin degerlendirilmesi

Murat Biiyiiksekerci', Ceylan Bal?, Mehmet Erdem Alagiiney’, Erol Rauf Agis', Meside Giindiizoz*,
Asmm Hocaoglu®, Liitfiye Tutkun®, Omer Hin¢ Yilmaz’

ABSTRACT

Objective: Lead (Pb) is a heavy metal and causes dys-
function in hematopoietic, cardiovascular, renal and he-
patic systems. The aim of this study is to evaluate the
effect of lead exposure on serum vitamin B12 and folate
levels.

Methods: 944 patients who were referred to Ankara Oc-
cupational Disease Hospital between 2010 and 2014 for
periodic examination and whose whole blood lead, serum
vitamin B12 and folate levels were assessed are included
in this study. 432 patients with whole blood lead levels
over 10 pg/dL are defined as exposed group and 512 pa-
tients with lead levels below 10ug/dL are considered as
control group. Vitamin B12 and folate levels were com-
pared between two groups. Correlation analysis was also
performed.

Results: In the lead exposed group the median folate
level was 6.3 ng/mL (3.60-17.46) and median vitamin
B12 level was 310 pg/mL (180-854) where as folate level
was 6.8 (3.60-19.67) ng/mL and median vitamin B12 level
was 324 pg/mL (190-833) in the control group. The differ-
ence between two groups was statistically significant (p
value: <0.001 for folate and 0.015 for vitamin B12). Lead
levels correlated negatively with folate levels (r=-0.105;
p=0.001). There was no correlation between lead and vi-
tamin B12 (r=-0.061, p=0.062).

Conclusion: This study demonstrated that serum folate
and vitamin B12 concentrations were negatively associ-
ated with lead exposure. It may be important to keep suf-
ficient levels of these micronutrients to prevent possible
harmful effects of Pb exposure regarding hyperhomocys-
teinemia.
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OZET

Amag: Kursun agir bir metal olup, hematopoetik sis-
tem, kardiyovaskuler sistem, renal ve hepatik sistemde
disfonksiyona neden olur. Bu galismanin amaci kursun
maruziyetinin vitamin B12 ve folat seviyesine etkisinin
arastinimasidir.

Yoéntemler: 2010-2014 vyillari arasinda Ankara Meslek
Hastaliklari Hastanesine periyodik muayene amagli bas-
vuran tam kan kursun, serum vitamin B12 ve folat diizey-
lerine bakilmis 944 kisi calismaya dahil edildi. Kursun se-
viyesi 10ug/dL’nin tzerinde ¢ikan 432 kisi kursun maruz
grup, 10ug/dLl’nin altinda ¢ikan 512 kisi ise kontrol grubu
olarak kullanildi. Vitamin B12 ve folat duzeyleri iki grup
arasinda karsilastirildi. Ayrica korelasyon analizi yapildi.

Bulgular: Kursun maruz grubun median folat seviyesi 6,3
ng/mL (3,60-17,46), median vitamin B12 seviyesi ise 310
pg/mL (180-854) idi. Kontrol grubunun folat seviyesi 6,8
(3,60-19,67) ng/mL median vitamin B12 seviyesi ise 324
pg/mL (190-833) idi (p degerleri; folat icin <0,001, vitamin
B12 icin 0,015). Kursun dizeyi folat seviyesi ile negatif
bir korelasyon gosterirken (r=-0.105; p=0.001), kursun ve
vitamin B12 arasinda herhangi bir korelasyon yoktu (r=-
0.061, p=0.062).

Sonug: Bu calisma folat ve vitamin B12 konsantrasyonu
ile kursun maruziyeti arasinda negatif bir iligki oldugunu
gosterdi. Bu durum hiperhomosisteinemi agisindan kur-
sunun olasi zararli etkilerini dnlemek igin bu vitaminlerin
yeterli miktarda alinmasi agisindan énemli olabilir.
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INTRODUCTION

Lead (Pb) is one of the earliest metals discovered
by the human race and has been used for over 2000
years. Since Pb has unique properties such as high
malleability, softness, low melting point and resis-
tance to corrosion, it has been used in many differ-
ent industries like automobiles, paint, ceramics and
plastics. The occurrence of free Pb in biological sys-
tems and in the inert environment has increased and
this in turn has led to a rise in toxic-biochemical ef-
fects on human organism [1,2]. Occupational expo-
sure to Pb may affect different body systems leading
to hematopoietic, cardiovascular, renal and hepatic
dysfunction. Hemoglobin level and red blood cell
count are negatively correlated with Pb exposure [3]
and Pb may induce nephropathy, proximal tubular
damage, glomerular sclerosis [4]. The cardiovas-
cular effects of Pb includes hypertension, coronary
arterial disease, stroke and peripheral arterial dis-
eases [5]. The hepatic enzymes alanine aminotrans-
ferase (ALT) and alkaline phosphatase (ALP) rose
in workers occupationally exposed to Pb [6].

Although Pb is probably one of the most exten-
sively studied heavy metal, the mechanisms under-
lying the Pb-induced toxicity are complex and these
mechanisms have not been thoroughly exhibited
yet. The presence of various cellular and molecular
mechanisms were reported behind the toxicologi-
cal manifestations induced by Pb in the body [2].
The key aspects involved in Pb neurotoxicity are;
oxidative stress, the impairment of neurotransmis-
sion, deregulation of cell signaling and membrane
bio-physics alterations [7]. Several studies have in-
formed that the activities of antioxidant enzymes,
including glutathione peroxidases, catalase and su-
peroxide dismutase were inhibited by Pb. Genera-
tion of reactive oxygen species (ROS), stimulation
of lipid peroxidation and depletion of antioxidant
reserves are accepted as the major contributors to
Pb toxicity [8]. Pb also has ability to interact and
damage DNA though the molecular mechanism of
this interaction is not fully understood. Tests for
genotoxicity have proved that Pb compounds in-
duced chromosomal damage, chromosomal aberra-
tions, micronuclei, and increased sister chromatid
exchange [9].

Vitamin B12 (cobalamin) and folate are dietary
essential vitamins required for human health. Vita-

min B12 is a water—soluble vitamin that is stored
in the liver and derived from animal products in-
cluding beef, liver, kidney, chicken, fish, yogurt
milk and egg [10]. Vitamin B12 is a cofactor of
methionine synthase in the synthesis of methionine,
an amino acid that is the precursor of the universal
methyl donor S-Adenosylmethionine (SAM). SAM
plays a major role in epigenomic regulatory mecha-
nisms. The other metabolic role of vitamin B12 is
serving as a cofactor in methylmalonyl coenzyme-
A mutase in the mitochondrion. This enzyme is the
last step in the oxidative degradation of a number
of amino acids. Both of mentioned reactions plays
a key role in cellular metabolism [11]. Folate is also
water soluble B vitamin which presents in human
cells as a family of structurally related and also met-
abolically interconvertable enzyme cofactors those
are required for the synthesis of nucleotides, purine
and thymidine, and for the synthesis of methionine
from homocysteine. Impairment of folate-mediated
metabolic pathways may result from B-vitamin de-
ficiencies and/or single nucleotide polymorphisms,
and the risk for pathologies such as cancer, cardio-
vascular diseases and developmental anomalies in-
creases [12].

In this study, we aimed to investigate B12 and
folate status in Pb exposed workers and compare
them with control group.

METHODS

Study population

In this study, retrospective evaluation of 2379 work-
ers referred to Ankara Occupational Diseases Hos-
pital between 2012 to 2014 for periodic examination
was performed .The workers with blood Pb levels
over 10 pg/dL are defined as exposed group (n=432)
and the workers with Pb levels below 10ug/dL are
considered as control group (n=512). The exclusion
criteria for both groups were history of recent acute
or chronic disease and vitamin drug usage. After ex-
clusion, 944 people were included to this study.

Collection of biological samples

Blood samples were taken from the participants at
‘end of workshift’. Blood samples were drawn in 10
mm tubes with red caps not containing gel (BD Vac-
utainer) for serum vitamin B12 and folate analyses;
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in 10 mm EDTA-containing trace elements tubes
(BD Vacutainer) for whole blood Pb analysis. For
serum analyses, the specimens were centrifuged at
1500xg for ten minutes after at least 30 minutes of
incubation. All samples were analyzed on the same
day.

Analysis methods

The measurements of serum folate and vitamin B12
were performed using a Chemiluminescent Mic-
roparticlelmmunoassay technology on the Architect
12000 analyzer (Abbott, USA). Whole blood Pb
levels were determined using Inductively Coupled
Plasma Mass Spectrometry (ICP-MS) (Agilent
7700 series, Tokyo, Japan). Blood samples were
digested by the microwave induced acid digestion
method. Standard solution of Pb was prepared by
dilution of certified standard solutions (High purity
Standards, Charleston, SC, USA). Two level quality
control materials (Seronorm, Billingstad, Norway)
were used.

Statistical Analysis

Statistical analysis of data was made by using SPSS
(Version 15.0) (SPSS Inc, Chicago, IL, USA) pack-
age program. Coherence to normal distribution
analysis was made by using Kolmogorov-Smirnov
test. Values were presented either as mean plus/
minus standard deviation or as median (minimum-
maximum), in the case of non-normally distributed
data. The presence of a statistically significant dif-
ference between the groups in terms of continuous
variables was examined with Student’s t test for
parametric variables and Mann—Whitney U test for
non-parametric variables. Spearman’s correlation
analysis was also performed. All results were ac-
cepted statistically significant for p<0.05.

RESULTS

The demographic and laboratory characteristics
of 944 patients who participated in the study are
shown in Table 1. Participants were categorized
into two groups as control group and Pb exposed
group according to blood Pb levels < 10 pg/dL and
> 10 pg/dL respectively. Variables Pb, vitamin B12
and folate were non-normally distributed, while age
and working duration were normally distributed. No
significant difference was observed between groups
in terms of age and working duration.

Median folate and vitamin B12 values of ex-
posed group and control group were significantly
different (p<0.001 and p=0.015, respectively) (Fig-
ure 1).
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Figure 1. Folic acid and vitamin B12 status of groups (er-
ror lines represent + standard deviation)

Analysis using Spearman’s correlation coeffi-
cient showed that whole blood Pb level correlated
negatively with folate levels (r= -0.105; p=0.001).
There was no correlation between Pb and vitamin
B12 (r=-0.061, p=0.062).

Table 1. Biochemical parameters and

demographic characteristics of groups Parameters

Control group Exposed group
(n=512) (n=432) © values

Lead (pg/dL)

Folate (ng/mL)
Vitamin B12 (pg/mL)

Age (year)

Working duration (year)

2.3(0.01-9.82) 34.15(10.3-116)  <0.001
6.8(3.60-19.67) 6.3(3.60-17.46)  <0.001
324(190-833)  310(180-854)  0.015
37.2+8.3 37.6+8.6 0.262
14.6 £ 8.1 18.046.2 0.122

Values are represented as median (Minimum-Maximum) or mean + stan-

dard deviation
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DISCUSSION

Pb accumulates in tissues like bone, brain, kidney
and liver when one gets exposed to it. There is not
a safe level of Pb within the human body and the
threshold for Pb level in blood has been updated
over the past years. According to the results of vari-
ous epidemiological studies it is recommended that
the blood level of Pb should be kept below 10 pg/
dl [13]. Even exposure to low level of Pb either oc-
cupationally or in environment manner has been
shown to induce dysfunction in many target organs.
Oxidative stress induced by Pb is one of the main
mechanisms underlying the overt toxicity as seen
by an increased prevalence of cardiovascular dis-
ease, chronic kidney disease, peripheral arterial dis-
ease, diabetes, hyperuricemia or hypertension [14].
Nutrition plays an important role in prevention of
Pb induced toxicity. Certain nutrients like vitamins,
mineral elements flavonoids may provide protection
against Pb toxicity hence these nutrients act a piv-
otal role in restoring the oxidative status in the favor
of antioxidant balance [2]. The study objective was
to evaluate the effect of occupational Pb exposure
on serum concentrations of folate and vitamin B12.

In our study the median blood Pb levels of
workers were significantly higher than control sub-
jects 34.15 pgr/dl (10.3-116) and 2.3(0.01-9.82)
pgr/dl respectively. The Pb level in exposed group
was similar with that reported by Weaver VM et al
[15] but was lower than that reported by Bledsoe
ML et all [16]. We found the median blood level of
B12 in Pb exposed group significantly lower than
control group. Also the median blood folate level
of Pb exposed group was significantly lower than
control group. Edward F et al. investigated the rela-
tionship between blood Pb, serum folate, red blood
cell folate, serum vitamin B12, serum homocysteine
and neurobehavioral test performance in adults par-
ticipating in the third National Health and Nutrition
Examination Survey (NHANES 1991-1994). They
reported that serum folate, red blood cell folate
and serum vitamin B12 decreased as the blood Pb
concentration increased [17]. Our results were con-
sistent with theirs. However in a study consisting
53 male automotive battery recycling workers, the
mean blood Pb level of Pb exposed workers were
found 24-fold higher compared to controls but it
was also reported that these two groups did not dif-

fer significantly concerning folate and vitamin B12
levels [18].

Elevated homocysteine is an independent risk
factor for ischemic heart diseases [19] and is also a
risk factor shared by neurodegenerative conditions
such as cognitive decline, Alzheimer’s disease and
stroke [20]. Though micronutrients such as vitamin
B12, folate, vitamin B6 involved in the pathways of
homocysteine metabolism it is possible to suggest
an interaction between blood Pb levels and these
vitamins on the levels of homocysteine [21]. Bakul-
ski et al. examined the association of Pb exposure
with homocysteine concentrations and the potential
modifying effects of dietary intake and plasma con-
centrations of folate, vitamin B6 and vitamin B12
in a cohort of the Veteran Affairs Normative Aging
study with 2301 total participants. They concluded
that Pb exposure was positively associated with
plasma homocysteine levels and this association
have been found to be stronger among men with be-
low median dietary intake of vitamin B12, vitamin
B6 and folate [20].

There are also several experimental studies that
investigated the serum vitamin status in Pb expo-
sure. Tandom et al. showed that the rats exposed to
Pb that were given vitamin B complex deficient diet
had a higher mean blood Pb concentration than rats
exposed to Pb which were given vitamin B complex
sufficient diet [22]. Pb and B vitamins may inter-
act in the bowel and they may also inhibit mutually
their absorption.

In conclusion, this study demonstrated that se-
rum folate and vitamin B12 concentrations were
negatively associated with Pb exposure. It may be
important to keep sufficient levels of these micro-
nutrients to prevent possible harmful effects of Pb
exposure regarding hyperhomocysteinemia.
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