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ABSTRACT

Lead as one of the environmental pollutants can threats the life of living creatures in many ways. In
this study, hematological effects of chronic toxicity of the lead acetate in adult male rats through
measurement of the lead concentration in the blood of animal’ s heart by atomic absorption as well as
hematological analyses and differentia cell count were investigated. Results showed that lead
concentration in the treatment group was significantly higher than that of the control groups
(P<0.001), and basophilic stippling, Howell-Jolly bodies, decreased RBC count (anemia), increased
leukocyte count (leukocytosis), monocytosis, eosinopenia, neutrophilia, and thrombocytosis were
observed in the test group (P<0.001). It is concluded that microcytic hypochromic anemia can be
attributed to the interaction of lead with iron and copper metabolism and increased leukocyte count

may be linked to the inflammatory effects of lead on lymphatic organs.

Key words: Lead, Hematology, Erythrocyte, Leukocyte, Rat.

INTRODUCTION

Due to the industrial processes and smokes from
petrol vehicle (1) lead is considered as one of
the major environmental pollutants (2).
Although lead is eliminated from petrol in many
countries, but it may have other origins such as
industrial pollution (2,3). Occupationa lead
exposure may occur during the manufacture of
batteries, painting, printing, pottery glazing, and
lead smelting processes. Exposure may aso
occur during the construction of tank linings,
piping and other equipments that carries
corrosive gases and liquids, superconductors,
and fiber optic technologies (3-5), during
magnetic resonance imaging, and nuclear
medicine (5). All sources of lead contribute to
an increased in permissible exposure limit for
metallic lead, lead oxide, and lead salts and
soaps that has set by WHO and other hedlth
organizations (4,6).

There are evidences, which show that lead is a
toxic agent with multiple target organs such as
hematopoietic system, immune system, kidneys,
and nervous system (5). There are some
controversies over the influence of lead on
hematological parameters.

Lead is absorbed through digestive and
respiratory tracts, and skin. After absorption into

the blood, 99% of lead is bound to erythrocytes
and the remaining 1 percentage stay in plasma
to be carried to other tissues. Serum lead half-
life is around 25 days (7). In a study performed
on young dogs, basophilic stippling of the
RBCs, nucleated RBCs, and proteinuria were
observed (8). Also development of anemia,
leukocytosis, monocytopenia, polychromato-
philia, glycosuria, increased serum urobilinogen,
and hematuria has been reported (8). In more
advanced cases of lead toxicity, absolute
neutrophilia, leukocytosis (with shifting to left),
eosinopenia, and monocytopenia have been
reported (9). In another study, lead was shown
to induce microcytic hypochromic anemia that
was due to interference with iron and copper
metabolism (10). Furthermore, decreased hema-
tocrit and hemoglobin levels might arise from
reduction in serum copper as well as reduced
iron metabolism and consumption induced by
lead (5,10). Lead suppresses bone marrow
hematopoiesis, probably through its interaction
with the enteric iron absorption (10,11).
Investigation of the toxicity of triethyl lead on
some hematological indices has revealed a
significant decrease in the MCH, MCV, and
RBC count, and an increase in monocyte count,
and platelets in comparison with the control
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group (12). In a study on rats, 62 days after
administration of lead, reticulocytosis and
thrombocytopenia and after 92 days thrombo-
cytosis were observed (13).

Administration of high doses of lead in femae
rabbits has caused mild anemia, reduced MCH,
MCV, and MCHC; low ALAD enzyme activity
in erythrocytes, and development of stippled
RBCs, al of which disappeared when acute
intoxication resolved (14). Investigatinon of
effects of lead in amphibians demonstrated no
changes in the norma range of hematologic
parameters (15). There was only a significant
increase in reticulocyte count that was con-
sidered as an early response to lead intoxication
(15). Long-term administration of lead in
monkeys did not show any significant changes
in hematologic indices, blood biochemistry, and
growth and development curves (16).

Taking into account existing controversies
regarding the effects of lead acetate on the
hematological parameters, present study was
conducted to investigate the blood cell count
and morphology in adult male rats following
chronic lead intoxication in a 12-weeks period.

MATERIAL AND METHODS
Chemicals
All chemical materias that used in this study
including lead acetate, glacial acetic acid, and
ether were produced by Merck (Germany).
Animals
Forty-five adult male Wistar rats were randomly
selected and transferred to an animal house
having standard conditions, at a temperature of
18-24°C and 12 hours light and darkness. Food
& drinking water were available ad libito. A
week after adaptation to the new environment,
animals were divided into three groups of 15
rats. Rats in the test, negative, and positive
control groups were given 1% lead acetate in
0.4% acetic acid, distilled water, and 0.4%
acetic acid solution respectively in their daily
water supply for 12 weeks. All animals were
then anesthetized by ether and blood samples
were prepared from their hearts.
Assay by atomic absorption
For the assay of lead by this method, 2.5ml of
blood was drawn into a capped test tube, and
after treatment with 1ml of sodium ammonium
pyrolidin dithio carbamate test tubes were
capped and shaken tightly for 2 minutes.
Following addition of 2.5ml of the normal butyl
acetate to tube, they were shaken again fully.
After high-spin centrifugation for 10 minutes,

the upper transparent layer was separated and
transferred to a new and entirely clean-capped
container and the plasma level of lead in ppm
were calculated from the following formula
C=(KA)*20+8B
Where C is the concentration of lead (ppm) in
plasma; K and B, are constant numbers equal to
89.628 and 3.3781 respectively; A is the amount
of absorbed lead; and 20 is the dilution ratio of
plasmafor the atomic absorption apparatus.
Blood analysis
A cel counter was used to analyze hemato-
logical indices including hemoglobin level,
MCV, MCHC, RBC, and WBC counts, and the
amount of platelets. Blood smears were also
prepared from these blood specimens for
manual differential cell counts.
Statistical analysis
One-way analysis of variance (ANOVA) and
Tuckey HSD datistical tests were used to
compare these parameters in the study groups.
Results were displayed as means + standard
deviation and in testing among p-values, those
less than 0.05 were assumed significant.

RESULTS

Serum level of the lead in three groups of this
study was significantly higher in the test group
in comparison with negative and positive
control groups (p<0.05). However, no signi-
ficant difference in lead concentration was
found between control groups (p>0.05) (table-
1). While hematological study in the group,
which was given lead acetate, showed baso-
philic stippling of the cells together with the
appearance of Howell-Jolly bodies, such
changes were not observed in the negative and
positive control groups.

Table 1. Calculated blood lead concentration by the
atomic absorption apparatus in negative control,
positive control, and lead acetate administration
groups. Data are presented as mean + SD

Grou Blood lead Blood lead
P conc. (mg/dl) | conc. (ppm)
Negative control 13+£1.2 2+04
Positive control 17+3.1 2+0.3
Lead acetate 85+4" 12+08"

mg/dl = milligram per deciliter, ppm = part per million, *p <0.001

RBC counts in the test group showed a 22.4%
dtatistically  significant  decrease  (p<0.05)
compared to the control groups. Rats in this test
group aso demonstrated 4.8% and 3.2%
decreases in the hemoglobin and hematocrit
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Table 2. Hematological determinants in negative control, positive control, and lead acetate administration
groups. Data are presented as mean + SD

Group RBC count | Hemoglobin | Hematocrit MCH MCV (fl) Howell- Basophilic
1x10° (g/d) (%) (p9) Jolly bodies | stippling
Negative | 76+0.7 145+ 3 41+1 17.7+0.7 | 503+21 _ B
control
Positive 7.9+03 144+ 8 411+2 | 17.9+07 | 51.2+19 _ B
control
Lead 59+04 13.8+4 397+2 | 16.7+05 | 481+19 + ++
acetate

g/dl = gram per deciliter, MCH = mean corpuscular hemoglobin, pg = Picogram, MCV = mean corpuscular volume, fm =
femtoliter, the sign (—) means: did not observed, the sign (+) means: observed moderately, and the sign (++) means:
observed numerously. *p<0.05

Table 3. The mean of hematological indices of leukocytes and platelets in negative control, positive control, and
lead acetate administration groups. Data are presented as mean £ SD

Lymphocyte Monocyte Eosinophil Neutrophil Platelet Leukocyte
Group count count count count count count
1x10°%/ml 1x10°%/ml 1x10°%/ml 1x10%/ml 1x10°%/ml 1x10°%/ml
’;'Oer%fgl" € 95+0.8 047+0.09 | 042+0.04 5.2+0.2 917 + 55 15.6 + 0.8
Egﬁ}%e 95+ 0.9 048+0.09 | 047+0.08 52+02 923+ 72 15.7+0.12
Lead 10+0.7 0.80+0.03" | 0.13+0.04" | 63+02" 1378+ 151" | 17.3+0.7
acetate
ml = milliliter , *p<0.05, " p<0.001
levels respectively in comparison with the DISCUSSION

control groups, which were not significant
(p>0.05). MCH and MCV were also decreased
by 5.6% and 4.4% respectively (p<0.05) which
were significant (table-2). Leukocyte counts in
the group, which were administrated lead
acetate, increased significantly by 119%,
compared to the control groups (p<0.05), which
indicate leukocytosis (table-3). Study of the
different kinds of leukocytes revealed a 5.3%
increase of lymphocyte count in the test group
in comparison with the control groups, which
was hot dSatisticaly significant (p>0.05).
However, neutrophils and monocytes increased
21.2% and 70.2% respectively, which were
statistically significant (p<0.001) and indicated
lead-induced neutrophilia and monocytosis. A
decrease of 69% in the eosinophil count of the
test group was significantly different in
comparison with the control groups (p<0.001),
which suggest eosinophilia following lead
intoxication in rats (table-3). Platelets in the lead
administered group increased by 50.3%
compared to the control, which was agan
significant (p<0.001) and suggest lead induced
thrombocytosis  (table-3). No  significant
differences were observed when hematological
parameters between negative and positive
control groups were compared (p>0.05).

In the present study, significant increase in the
blood and serum lead levels were found in the
test group compared to the negative and positive
control groups (p<0.05). Development of
basophilic stippling and Howel-Jolly bodies,
which are features of anemia due to lead
intoxication, has been previousy reported
(8,14). The presence of nucleated RBCs has aso
been reported in some cases (8). Although not
statistically significant, hemoglobin and hemato-
crit level also decreased in the test group
(p>0.05), which in some reports has been
attributed to decrease in copper metabolism and
iron consumption (5,10,17).

Lowered RBC count, decreased MCH and MCV
are other concordant hematological change were
found in the group which lead acetate was
administrated (12,14). Anemia was in the form
of microcytic and hypochromic. This might be
due to effects of lead in cell metabolism,
alteration of the enzyme activity, and interaction
with reactions in which calcium is ther
secondary mediator. Lead induced inhibitory
effects on the erythrocyte enzymes GA3PD and
G6PD have dready been proved (18).
Interaction of lead with heme biosynthesis has
been related to the inhibition of cytoplasmic and
mitochondrial enzymes (5), and a decrease in
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the activity of the main enzymes in heme
biosynthesis due to defects in iron metabolism
has also been reported (5,11,12,18).
Development of anemia in lead toxicity may be
attributed to the decreased red blood cell
survival because of the increased membrane
fragility, reduced RBC count, decreased
hemoglobin production, or summation of all
these factors (5,19,20).

The use of lead acetate in the erythroid tissue
culture medium has shown that lead nearly
inhibits the proliferation of erythroid lineage,
and perturbs cell development and hemoglobin
synthesis (21). In the present study, total
leukocyte count had increased mainly due to an
increase in neutrophil and monocyte count.
There was also an increase in lymphocyte count,
which was not statisticaly significant (p>0.05).
In some reports, leukocytosis has been attributed
to the lead-induced inflammation (12). A three-
fold increase in neutrophil and monocyte count
along with severe leukocytosis in the young rats
that were exposed to lead has also been reported
(21). Controversies exist about monocytes; since
in some studies lead-induced monocytopenia
(890 and in others significant increases in
monaocyte count have been reported (12,21). The
reason for such difference is probably due to the
extent of lead-induced inflammation. Consistent
with other reports severe eosinopenia were
observed in this study (9). Platelet count showed
considerable increase compared to the control

groups (p<0.001). In the previous studies, some
cases of thrombocytopenia after lead
intoxication (13) followed by thrombocytosis
have been reported (12,13), which is consistent
with the findings of this study which was
conducted over along period of 12 weeks.

This investigation shows additional hematotoxic
effects of lead on the erythroid cell lineage and
leukocytes following long-term exposure in rats.
Severe changes in blood indices by lead that
were found in the present investigation and
other studies indicate the necessity of even more
concerns about the bio-environment pollution of
lead. Designation and provision of the health
programs to limit causal exposure to this toxic
element is highly important for our health.

ACKNOWLEDGMENTS

Authors wish to thank: Dr. Ms Khazraii-nia,
chief executive of the laboratory of Tehran
University of Veterinary Medicine for her
skillful  cooperation. Also we thank Dr
Mohammad Abdollahi from department of
toxicology and pharmacology, faculty of
pharmacy, Dr. Rezaiat and Dr. Dehpour, from
department of pharmacology, faculty of
medicine, Tehran University of Medica
Sciences, and Mr. Mohammadzadeh MS., chief
executive of atomic absorption laboratory of
Iran Atomic Energy Organization for their full
scientific and sincere cooperation.

REFERENCES

1. Joworaski, Z. (1968): Stable and radioactive lead in environment and human body. Warsaw,
Nuclear Energy Information Center, Review Report No. 29: 17-30.

2. Ghorbe, F., Boujelbene, M., Makni-Ayadi, F., Guermazi, F., Kammoum, A., Murat, Jc., et a.
(2001) Effect of chronic lead exposure on kidney function in male and female rats. determination
of alead exposure biomarker. Arch. Physiol. Biochem. 109: 457-463.

3. Patd, A.B., Williams, S.V., Frumkin, H., Kondawar, V .K., Glick, H., Ganju, A.K. (2001) Blood
lead in children and its determinants in Nagpur, India. Int. J. Occup. Environ. Health. 7: 119-26.

4. Harbison, R.D. (1998) Lead. In: Harbison, R.D.(ed) Hamilton & Hardy’s Industrial Toxicology,

5th ed, Mosby, Philadelphia, pp: 70-76.

5. A.T.S.D.R. (Agency for Toxic Substances and Disease Registry).(1993) Toxicological profile for
lead, Update. Prepared by Clement International Corporation under contact no. 205-88-060 for
ATSDR, U.S. Public Health Services, Atlanta, GA.

6. Patterson, C. (1965) Contaminated and natural Lead in Environments of Man. Arch. Environ.

Health.11: 344-351.

7. Howard, D., Stowe, D.V.M., Goyer, R.A., Krigman, M. (1973) Experimental oral lead toxicity in

young dogs. Arch. Pathol. 95: 106-116.

8. Zook, B.C. (1972) Lead poisoning in dogs. Am. J. Vet. Res. 33; 981-902.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

Chronic lead acetate intoxication 151

Xintaras, C. (1992) Impact of lead-contaminated soil on public health. Analysis paper,U.S.
Department of health and human services. Public Health Service. ATSDR (Agency for Toxic
Substances and Disease Registry), Atlanta, Georgia.

Klauder, Ds., Petering, H.G. (1977) Anemia of lead intoxication: A role of copper. J. Nutr.107:
1779-85.

Chmielnika, J., Zareba, G., Nasiadek, M. (1994) Combined effect of tin and lead on heme
biosynthesisin rats. Ecotox. Environm. Safety 29: 165-173.

Yagminas, A.P., Franklin, C.A., Villeneuve, D.C., Gilman, A.P., Little, P.B., Vdlli, V.E. (1990)
Subchronic oral toxicity of triethyl lead in the male weanling rat. Clinical, biochemical,
hematol ogical, and histopathol ogical effects. Fundam. Appl. Toxicol. 15: 580-596.

Sudakova, A.l., Shevchenko, Z.T., Nosova, L.I. (1983) Peripheral blood and bone marrow cell
status of white rats with long-term lead exposure. Tsitol. Genet. 17: 3-7.

Falke, H.E., Zwennis, W.C.M. (1990) Toxicity of lead acetate to female rabbits after chronic
subcutaneous administration: Biochemical and clinical effects. Arch. Toxicol. 64: 522-529.

Peris Fink, N.E., Salibian, A. (1998) Hematological parameter in Bufo arenarum injected with
sublethal dose of lead acetate. Biomed. Environ. Scien. 11: 70-74.

Rice, D.C. (1997) Effects of long-term exposure on hematology, blood biochemistry, and growth
curves in monkeys. Neurtoxicology 18: 221-236.

Gautam, A.K., Chowdhury, A.R. (1987) Effects of lead on erythpoietic system of intact and
splenectomized rats. Indian J. Physiol. Pharmacol. 31: 117-24.

Calderon-Sdlinas, V., Hernandez-Luna, C., Maldonado, M., Saenz, D. (1993) Mechanisms of the
toxic effects of lead. |. Free lead in erythrocytes. J. Expo. Anal. Environ. Epidemiol. 3 suppl 1:
153-64.

Redig, P.T., Lawler, EMM., Schwartz, S., Dunnette, J.T., Stephenson, B., Duke, G.E. (1991)
Effects of chronic exposure to sub lethal concentration of lead acetate on heme synthesis and
immune function in red-tailed hawks. Arch. Environ. Contam. Toxicol. 21: 72-77.

Rio, B., Froquet, R., Parent-Massin, D. (2001) In vitro effect of lead acetate on human
erythropoietic progenitors. Cell Biol Toxicol. 17: 41-50.

Hogan, G.R., Adams, D.P. (1979) Lead-induced leukocytosis in female mice. Arch. Toxicol.41:
295-300.



	INTRODUCTION
	Chemicals

	Group
	Negative control
	Group

	Group
	ACKNOWLEDGMENTS
	REFERENCES



