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Abstract: This study was aimed to examine the effect of lead acetate on inflammatory biomarkers in blood of guinea pigs
in comparison with sensitized animals. Thirty guinea pigs were randomly allocated into control (group C), sensitized
(group S), and three Pb-exposed (groups 0.1M Pb, 0.2M Pb and 0.4M Pb). Animal sensitized after acrosolized-ovalbumin
(OA) challenge. Pb-exposed groups inhaled 0.1M, 0.2M and 0.4M lead acetate for 1 h, three times a week for two weeks.
Total and differential WBC counts, PLA, activity and total protein levels were evaluated in blood of all animal groups.
Serum PLA, activity, total protein and total WBC number in sensitized and animal exposed to lead were significantly
higher as compared to control group (p<0.05). When compared to control group, the percentages of eosinophil, nuetrophil
and basophiles were also increased in sensitized guinea pigs {(p<0.01). The percentage of eosinophil and basophile in
animals exposed to high level of lead and that of basophile in animals exposed to middle lead concentration versus to
control group significantly increased (p<0.05). In addition, the significant difference between the lymphocyte percentages
of Pb-exposed groups and control group were decreased in concentration dependent manner. The findings of the present

study indicated that exposure to inhaled lead acetate may lead to asthma-like disease.
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INTRODUCTION

One of the industrial environmental heavy metal
pollution is lead [1]. However, the definite effect of lead on
respiratory system is not well known ([2]. There are
evidences regarding the contribution of lead pollution in
pathogenesis of pulmonary cancers, asthma, chronic
obstructive pulmonary disease (COPD), but these effects are
controversial [3, 4]. The increased incidence of asthma in
workers exposed to lead and children living in high levels of
lead polluted areas [5, 6] suggest that lead may play a role in
causing asthma. There are reports regarding increase
immunoglobulin E (IgF) and some inflammatory cytokines
in serum of laboratory models and children exposed to lead
and increased inflammatory mediator from the cells and
macrophages exposed to lead in a cell culture model but
some studies indicated no change or even decrease of serum
immunoglobulins in laboratory models exposed to lead [7-
11]. According to previous studies, phospholipase A, (PLA>)
catalyses the release of arachidonic acid from cell membrane
phospholipids to generate lipid mediators of inflammation
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and is crucial in diverse inflammatory processes. In addition,
the contribution of the excess levels of total protein and total
WBC especially eosinophil number in inflammatory disorders
such as asthma have been documented [12-15]. Therefore,
the present study has been designed to examine the effect of
lead exposure on total and differential WBC blood count and
as well as the PIA, activity and level of total protein in the
serum of guinea pigs exposed to lead. This study is needed
for evaluation the role of this metal in incidence and severity
of asthma and other respiratory diseases.

MATERIALS AND METHODS
Animals Subjects

Thirty adult Dunkin-Hartley guinea pigs (400-700 g, both
sexes) were used throughout this study. They were allowed
to accommodate new situation for ten days. The animals
were group-housed in individual cages (50 > 90 = 30 cm’) in
climate-controlled animal quarters and were given water and
food ad libitum, while a 12-h light/12-h dark cycle was
maintained. Animals were randomly divided to 5 groups as
mentioned in Table 1 (n=6 for each group):

Sensitization of Animals

Sensitization of animals to OA was performed using the
methods described previously [16, 17]. Briefly, guinea pigs
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were sensitized to ovalbumin (OA;Sigma Chemical Ltd, UK)
by intraperitoneally (i.p.) injecting 10 mg OA and 100 mg
AL(OH); in saline on day one and a further i.p. injection of 2
mg OA and 100 mg AL(OH); in saline on day 8. From day
14, sensitized animals were exposed to an aerosol of 4% OA
for 18+1 days, 4 min daily. The aerosol was administered in
a closed chamber, dimensions 30 x 20 x 20 cm’ using a
nebulizer (CX3, Omron Healthcare Europe B.V,,
Netherlands). Control group was treated similarly but saline
solution (%) was used instead of OA solution. The study
was approved by the ethical committee of the Mashhad
University of Medical Sciences.

Table 1.  Animals and Experimental Design
Groups Experimental Design
Control (C) Non-sensitized and non-exposed guinea pigs to lead (Pb)

Sensitized (S) | sensitized guinea pigs to OA

0.1 MPb exposed guinea pigs to 0.1 M lead concentration
02MPb exposed guinea pigs to 0.2 M lead concentration
0.4 MPb exposed guinea pigs to 0.4 M lead concentration

Exposure of Animals to Inhaled Lead

Three groups of studied animal were exposed to lead
acetate (Sigma Chemical Co., St. Louis, MO, USA). The
exposure protocol to lead was performed according to
method describe by Fortoul and colleagues [18}. Briefly,
animals were placed in a closed chamber (30 x 20 x 20 cm®)
connected to an ultra-nebulizer (Ultra-Neb 99 DeVilbis) with
a air flow of 10 /min, which produces particles of 1< pm.
Different animal groups were exposed to aerosol of three
lead acetate concentration of 0.1, 0.2 and 04 M for 1 h,
thrice a week for two weeks. The study was approved by the
ethical committee of the Mashhad University of Medical
Sciences.

White Blood Cells Count

Blood samples were taken by cardiac puncture
immediately after anesthesia and exposing the animals’
chest and were collected into test tube containing
anticoagulant EDTA. Blood sample was stained with Turk
solution (1:10 dilution) and total white blood cell (WBC)
counted in duplicate in a hemocytometer (in a Burker
chamber). The Turk solution consisted of 1 ml of glacial
acetic acid, 1 ml of gentiac vialet solution 1 % and 100ml
distilled water.

Differential cell counts were done on thin slide, prepared
with smearing blood sample, using Wright-Giemsa’s stain.
According to staining and morphological criteria, differential
cell analysis was carried out under a light microscope by
counting 100 cells and the percentage of each cell type was
calculated.
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Measurement of Serum PLA2 Activity and Total Protein

A total of 5 ml peripheral blood was obtained
immediately after sacrificing the animals and placed at room
temperature for 1 h. The samples were then centrifuged at
3500xg at 4 °C for 10 min. The supernatant was collected
and immediately stored at - 70 °C until analysis. Finally
serum PLA2 activity and total protein were measured using
the enzyme-linked immunosorbentassay (ELISA) Sandwich
method according to the manufacturer’s instructions (PLA2
Assay Kit, E10217, Co., Invitrogen, England; Total protein
assay kit, PT1 500 028, Co., Pars Azmoon, Iran).

Statistical Analysis

The data are expressed as meant SEM. Statistical
analysis was performed by InStat statistical software. The
data of sensitized group were compared with control guinea
pigs using unpaired "t" test. The data of exposed animals to
lead were also compared with control and sensitized group
using unpaired "t" test. The data between different groups of
animals exposed to lead acetate were compared using one
way analysis of variance (ANOA) with Tukey-Kramer post
hoc test. Significance was accepted at p<0.05 level.
Kolmogorov Smirnov test showed that these data were
normally distributed.

RESULTS

Serum ftotal protein level and total WBC number in
sensitized and Pb-exposed groups were significantly higher
compared to control group (p<0.05), Fig. (1, 2a). When
compared to control group, the percentages of eosinophil,
nuetrophil and basophil and serum PLA,; activity were also
increased in sensitized guinea pigs. In addition, the
percentages of eosinophil in animals exposed to two higher
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Fig. (1). Level of total protein (g/100) in serum of control (C),
sensitized (S), and Pb-exposed (Pb) guinea pigs to 0.1 and 0.4 M
lead concentration, (for each group, n=6). Values are presented as
mean£=SEM. Statistical significance for the difference between the
data of control vs other groups: *; P<0.05, ¥**; P<0.001. Statistical
significance for the difference between the data of sensitized vy
treated groups: ++; p<0.01.
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Fig. (2).Total and differential count of WBC in blood of control (C), sensitized (S), and Pb-exposed (Pb) guinea pigs to 0.1, 0.2 and 0.4 M
lead concentration, (for each group, n=6). Values are presented as mean£SEM. Statistical significance for the difference between the data of
control vs other groups: *; P<0.05, **; P<0.01, ***; P<0.001. Statistical significance for the difference between the data of sensitized vs

treated groups: +; p<0.05, ++; p<0.01, +++; P<0.001.

concentrations of lead and that of basophil and serum PLA,
activity in animals exposed to high lead concentration were
also increased (p<0.01), Fig. (2b, 3). However, the
percentage of lymphocyte in sensitized group and animals
exposed to two high lead concentration was decreased
compared to control group p<0.001 for sensitized and p<0.05
for Pb-exposed group, Fig. (2b).

There was not difference in total WBC number of
animals exposed to three lead concentrations compared to
sensitized group Fig. (2a). In addition, statistical difference
was not observed in serum total protein and the percentage
of eosinophil, neutrophil, basopil and monocyte and serum
PLA, activity between animals exposed to high lead
concentration (0.4 M) and group S Fig. (1, 2b, 3). However,

the percentage of lymphocyte in animals exposed to all lead
concentrations was significantly higher than sensitized group
(p<0.05), Fig. (2b).

Serum total protein level, PLA; activity and total WBC
number in animals exposed to high lead concentration (0.4
M) were significantly higher compared to animals exposed
to low concentration (0.1 M), (p<0.05, Tables 2 and 3). The
percentage of eosinophil, basopil as well as reduction in the
percentage of lymphocyte were also higher in animals
exposed to high lead concentration (0.4 M) compared to
animals exposed to low concentration (0.1 M) (p<0.05,
Table 3). In addition, total WBC number, percentage of
eosinophil and basophil in animals exposed to high lead
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Fig. (3). PLA2 activity (pg/mL) in serum of control (C), sensitized
(S), and Pb-exposed (Pb) guinea pigs o 0.1 and 04 M lead
concentration, (for each group, n=6). Values are presented as
mean+SEM. Statistical significance for the difference between the
data of control vs other groups: *; P<0.05. Statistical significance for
the difference between the data of sensitized vs treated: +; P<0.05.

were significantly different with animals exposed to middle
lead concentration (0.2M), (p<0.05, Table 3).

Table 2.
pigs, (for Each Group, n=6)
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DISCUSSION

The results of the present study showed significant
increase in serum total protein and PLA, levels, total WBC
number and percentage of eosinophil, and basophil but
significant decrease in percentage of lymphocyte in lead
exposed guinea pigs as compared to control animals. The
similar findings were also observed in sensitized animals.

The increased serum total protein level and PLA; activity
[19], total WBC number and eosinophil count are well
known changes in asthma disease [12, 13]. Previous studies
have been shown to increase in total WBC count and
eosinophil percentage with decrease of lymphocyte
percentage in bronchoalveolar lavage fluid of sensitized
guinea pigs [20-22]. The results of the present study also
showed increased serum total protein level, PLA; activity,
total WBC count; eosinophil count and decreased
lymphocyte count in sensitized which confirm sensitization
(induction of an animal asthma model) of guinea pigs.
Increased serum total protein level, PLA,; activity, total WBC
and eosinophil count in Pb exposed animals indicates that
inhaled lead exposure is able to induce asthma-like change in
this group [12-14]. This conclusion is supported by the
results of a previous study showing higher prevalence of
respiratory symptoms for phlegm, shortness of breath and
diagnosed asthma in industrial workers exposed to lead [4,

PLA2 Activity (pg/ml) and Total Protein (g/100) in Serum of Control (C), Sensitized (S) and Pb-Exposed (Pb) Guinea

Groups
C S 0.1IM Pb 0.4M Pb
Parameters
PLA2 (pg/ml) 7.49+0.54 12.1041.30 7.03+0.43 9.37+0.11
*
Total Protein 5.3540.25 9.10£0.32 6.77+0.34 8.47+0.38
(g/100) .

Values are presented as meantSEM.

Statistical significance for the difference between the data of two Pb concentrations: *: P<0.05

Table3. Total and Differential WBC Count in Blood of Control (C), Sensitized (S), and Pb-exposed (Pb) Guinea pigs (for Each
Group, n=6)
Groups | C S 0.1M 0.2M 0.4M

Parameters

Eosinophil (%) 8.55+0.42 23.66x1.50 7.33£1.54 1166122 20.66+1.94
Rk fp

Neutrophil (%) 14.51£1.33 21.83+2.71 13.00+1.46 13.16+2.16 13.83:+1.44

Lymphocyte (%) 51.20£1.97 26.91+2.55 66.91+2.18 59.30£2.11 43952410
*

Basophil (%) 3.88+1.01 12.88+1.53 3.16+£0.99 5.51+1.33 10164124
K

Monocyte (%) 11.00+1.77 14.81x1.40 9.61£1.77 10.30+1.38 11.44£1.35

Total WBC 1370£402 35634509 3739+85 4082+111 4780+183
Rk

Values are presented as mean+SEM. The data of WBC is their count in one mL of blood and those of each type is the percentage of total WBC
Statistical significance for the difference between the data of 0.1M vs 0.2 and 0.4M Pb groups: *; P<0.05, **; P<0.01, ***; P<0.001.
Statistical significance for the difference between the data of 0.2M vs 0.4M Pb groups: -+, P<0.05, ++; P<0.0}.
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23]. The increased incidence of asthma in workers exposed
to lead and children that live in high lead polluted places is
documented which supports the results of the present study
[5, 6].

There are reports regarding increase in the release of
inflammatory mediator from the cells and macrophages
exposed to lead in a cell culture model [7-11]. These
observations also support increased serum PLA, activity
seen in the present study [15]. Airway hyper-responsiveness
(AHR) is associated with lipid inflammatory mediator,
arachidonic acid (AA) metabolites, including thromboxane
A, (TXA;) and leukotriene B, (LTB,4) after exposure to
allergen. It is concluded that PLA, plays an important role in
bronchoconstriction by releasing thromboxane A2 (TXA,)
and leukotriene By (LTB,) from the membrane phospholipids
of various activated inflammatory cells, such as neutrophils
and alveolar macrophages, and tracheal epithelial cells [24].

The greater values of total protein, PLA, activity, total
WBC and eosinophil count in animals exposed to high
concentrations of lead showed a concentration response
effect of inhaled lead exposure. These results are further
evidence of concentration dependent effect of environmental
lead pollution on respiratory status.

In conclusion, the results of the present study showed
that lead acetate can cause increased serum total protein
level, PLA, activity, total WBC percentage of eosinophil and
basophil but reduction in percentage of lymphocyte.
Therefore, the findings of the present study indicate that
exposure to inhaled lead may lead to asthma like disease.

CONFLICT OF INTEREST

The author(s) confirm that this article content has no
conflict of interest.

ACKNOWLEDGEMENTS

This study was financially supported by the Research
Council of Mashhad University of Medical Sciences. This
paper is a part of a Ph.D thesis submitted to Cardiovascular
& Hematological Disorder-Drug Targets

REFERENCES

1] Jacobs, D.; Wilson, 1.; L.Dixon, S. The relationship of housing and
population health: a 30-year retrospective. Environ. Health
Perspect., 2009, 4. 597-604.

23 Joseph, C.; Havstad, S.; Ownby, D.; Peterson, E. Blood lead level
and risk of asthma. Environ. Health Perspect., 2005, 7, 113-17.

3} Landrigan, P.; Schechter, C.; Lipton, J.; Fahs, M., Schwartz, J.
Environmental pollutants and disease in american children:
estimates of morbidity, mortality and costs for lead poisoning,
asthma, cancer, and developmental disabilities. Environ. Health
Perspect, 2002, 110, 117-118.

[4] Englysta, V.; oran, Lundstr., L, Gerhardssonc.; Rylanderc, L.;
Nordberga G. Lung cancer risks among lead smelter workers also
exposed to arsenic. Sci. Total Environ., 2001, 12,77-82.

[51

(6}

[10]

{1

[12]

[13]

[14]

[15]

(17]

{18]

{191

[20]

[21]

[22]

[23]

[24]

Cardiovascular & Haematological Disorders-Drug Targets, 2013, Vol. 13, No. 1 49

Bener, A,; Almehdi, A.M., Alwashc R. A pilot survey of blood
lead levels in various types of workers in the United Arab Emirates.
Environ. Int., 2001, 27, 311-14.

Dietert, R.; Lee, J., Hussain, I; Piepenbrink, M. Developmental
immunotoxicology of lead. Toxicol. Appl. Pharmacol., 2004, /98,
86-94.

Anetor, J.; Adeniyi, A. Decreased immune status in Nigerian
workers occupationally exposed to lead. Afr. J. Med. Sci., 1998, 27.
169-172.

Miller, T.; Golemboski, R.; Ha, R.; Bunn, T., Dietert, R.
Developmental exposure to lead causes persistent immunotoxicity
in fischer 344 rats, Toxicol Sci., 1998, 42, 129-35.

Chen, S.; Miller. T.; Golemboski. K.; Dietert, R.;. Suppression of
macrophage metabolite production by lead glutamate in vitro is
reversed by meso-2, 3-dimercaptosuccinic acid (DMSA). In Vitro
Toxicol., 1997, 10,351~ 7.

Heo, Y., Parsons, P.;Lawrence, D. Lead differentially modifies
cytokine production in vitro and in vivo. Toxicol. Appl. Pharmacol.,
1996, /38, 149-57.

ZelikofY, J.; Parsons, E.; Schlesinger, R.B. Inhalation of particulate
lead oxide disrupts pulmonary macrophage-mediated functions
important for host defense and tumor surveillance in the lung.
Environ. Res., 1993, 62,207-222.

Randolph, D.A.; Stephens, R.; Carruthers, C.J.L.D. Cooperation
between Thl and Th2 cells in a murine model of eosinophilic
alrway inflammation. J. Clin. Invest., 1999, 104, 1021-1029.
Hogan, MB.; Weissman, DN.; Hubbs, A.F.; Gibson, L.F.; Piktel,
D.; Landreth, K.S. Regulation of eosinophilopoies is in a murine
model of asthma. J. Immuneol., 2003, 171,2644-51.

Luksza, AR.; Jones, D.K. Comparison of whole-blood eosinophil
counts in extrinsic asthmatics with acute and chronic asthma.
British. Med. J., 1982, 285, 1229-31.

Henderson, W.R.; Oslund, R.C.; Bollinger, 1.G.; Ye, X.; Tien,
Y. T.; Xue, J.; Gelb, M. H. Blockade of Human Group X Secreted
Phospholipase A2 (GX-sPLA2)-induced Airway Inflammation and
Hyperresponsiveness in a Mouse Asthma Model by a Selective
GX-sPLA2 Inhibitor. J. Biol. Chem., 2011, 286 (32), 28049-55.
McCaig, DJ. Comparison of autonomic responses in the trachea
isolated from normal and albumin-sensitive gumea-pigs. 87 J.
Pharmacol., 1987, 92, 809-16.

Boskabady, M.H.; Adel-Kardan, S. Increased muscarinic receptor
blockade by atropine m tracheal chains of ovalbumin-sensitized
guinea pigs. Pharmacology, 1999, 58, 300-08.

Boskabady, M.H.; Kiani, S.; Aslani, M.R. Tracheal responsiveness
to both isoprenaline and beta-adrenoreceptor blockade by propranolol
in cigarette smoke exposed and sensitized gumea pigs. Respirology,
2006, 7/(5),572-8.

Fortoul, T.; Moncada-Hermandez, S., Saldivar-Osorio, L. Sex
differences in bronchiolar epithelium response after the inhalation
of lead acetate (Pb). Toxicology, 2005, 207, 323-30.

Busse, W.W. Swenson, C.A. The relationship between plasma
histamine concentrations and bronchial obstruction to antigen
challenge m allergic rhinitis. J. Allergy Clin. Immunol., 1989, 84(5
Pt 1), 658-66.

Keyhanmanesh, R.; Boskabady, M.H.. Khamneh, S.; Ebrahimi,
M.A. The effect of thymoquinone, the main constituent of Nigella
sativa on tracheal responsiveness and WBC count in lung lavage of
sensitized guinea-pigs. Planta Med., 2009, 75, 1-5.

Neamati, A.; Boskabady, M.H.; Tavakol Afshari, J.. Mohaghegh
Hazrati, S, Haeri Rohani, A The effect of the natural adjuvants on
tracheal responsiveness and cell count in BAL and blood of
sensitized guinea-pig. Respirology, 2009, 14, 877-84.

Benera, A.; Almehdib, A.M.; Alwashe, R.; Al-Neamy, FR.M. A
pilot survey of blood lead levels in various types of workers in the
United Arab Emirates. Environ Inf., 2001, 27_311-14.

Yoshiaki, T.; Sumitaka, H.; Harumasa, N.; Hiroaki, M., Osamu, S.;
Koji, S. Activation of Aalveolar phospholipase A, after
hydrochloric acid aspiration in rats. Critical Care, 2001, /6, 42-46

Received: 30 May, 2012

Revised: 02 September, 2012

Accepted: 03 September, 2012



