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Introduction: 1.cad is one of the heavy metals that have adverse effects on hlood cells

and hemopeiesis. In this study the ulirastructure of neutrophils in fetal ral spleen were
investigated following lead intoxication.

Material and Methods: Thirty female and 6 male Sprague-Dawley rals were chosen
by simple random sampling. After mating the pregnant rats were classified into lest and control
groups. From the first day of pregnancy the test group was provided ad Db with water
containing 0.13% lead acetate and the control group had aceess o distilled water. After Dirth 10
newborn in each group were chosen by systematic random sampling. The spleens of the
newborn rats were fxed in g solation of 2% glutaraldehyde, and after processing, seclions were

studied by a transmission electron microscope,

Results: The viirastructural changes included: irregular nuclel with deep invagination,

plasma membrane pockets, presence of vacooles with a heterogensous material and an

increasing incidence of rough endoplasmic reticulum with dilated cislernae, Mo differences

between the groups were observed In the mitochondrial morphology and pattern of evtoplasmic

granules {primary granules wilh electron dense appearance and specific or secondary granules

with less electron density and heterogeneous appearance).

Conclusion: 1.cad transmitted via the placenta can affect the ultrastructure, and most

probably the function, of fetal neatrophils. More attention must be given 10 the dangers of lead

pollution of the environment and the need to eliminate exposure 1o lead in work places.
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Introduction

Lead from  industrial  processes  and  from

patrol-powered  vahicles  is  considerad 2 major
enwironmental pollutant (1), Although |lead has been
eliminated from petral in many countrigs industry is still
a major scurce of pollution (1,2). Ocoupational lead
exXpasUre  may ococur  during  the  manufacture  of
batteries, painting, printing, pottery glazing, and lead
smelting processes (2-4 ). Exposure may also accur
guring the construction of tank linings, piping and other
equipment that camies corrosive gases and liquids,
[2-4).

resonance imaging and nuclear medicine procedures

supercanductors, and fiber oplics. Magnetic
may also be sources of lead exposure (4). All sources
of lead are considered in the permissible exposure
limits for metallic lead, lead oxide, lead salts and soaps
By WHO and other health
organizations  {3). Lead s absorbed through  the

that has been set

digastiva  and respiratory  tracts, and  skin.  After
absorption into the blood, 99% of lead is bound to
erythrocytes and the remaining one percent is carried
by the plasma to other tissues (4,5). Lead has many
target organs  such as the hematcpoietic system,
immune system, kidneys, and nervous systam {4).
Studies of chronic lead intoxication on immature rat
blood

monocytes  and  neutrophils

leukocytes  have shown  that easinaphils,

Iymphocyles, increase
sighificantly following lead exposure (5], Neutrophils
are white blood cells that are essential in defending
animals from invasive Dacteria such as Staphlocoocus,
Streptococeous and gram negative bacilli that infect
them (B). It has been shown that the ability of
neutraphils to respond to an immunological stimulus
and to kill bacteria is inhibited in workars with high
Blcod  lead  levels(6).  Furthermore  there is an
immunasuppressive effect of relatively low-level lead
absorption which suggests that immune dysfunction
may be a sensitive indicator of lead exposure (B)
Ancther study sugoested that actin redistribution doss
not regularly occur within neutrophils in lsad-containing
medium (7). Since previous investigations indicated
that lead innibits chemotaxis of neutrophils, these
results suggest that one possible cause of this

inhibition is related 1o an effect of lead an actin

reorganization within the cells (7.8}, It has been shown
that polarization of neutrophils supplemented with lead
is abonive [7,8).

Based on pravious ulrastructural studies on blood
neutrophils (9), cells of the liver (10). kidney (11), and
splenic macrophages {12} the involved organelies in
lead toxicity are probably hysosomes, mitochondria,
microsomes, and the endoplasmic reticulum [912).
Studies on the effects of lead on rat peripheral blood
neutrcphils have shown ultrastructural changes such
as sweling of the cisternae of the endoplasmic
reticulum (9), Muclear pockets and special crystalling
inclusions have also been reporned in the matrix of
some neulrophils zfier increased sxposurs to lead.
Changes in mitochondrial morphology and cytoplasmic
granular pattern have not been abserved (9). In
another study, decreased neutrophil index in the bone
marrow and morphological changes such as iregular
nuclel with deap invaginations, plasma meambrane
pockets, and vacuoles rich in heterogeneous matearials
have been repored [2).
induced

To understand the reason for  lead

functional impairments, more ultrastruchural studies
need to be done, Lead induced inflammation in

lymphoid  tissues (12}, may be associsted  with
changes in ultrastructure and function of neutrophils
which are among the main cells contributing to
inflammatony  processes Previous studies suggested
that lead can pass through the blood- placental barrer
in both human and rats (13,14). In the present study
ultrastructural changes of the neutrophils in the full-term
fetal rat splean following maternal lead intoxication
have been investigated by means of an electran

microscope.

Material and Methods

Thiny female and & male Spragus-Dawley rats
weighing 160-235 gm and 230-270 gm respectively
were randomly selected from the animal house of the
research institile of Tehran University of Medical
Sciences. They were maintained under & constant
cycla of 12 h light and 12 h darkness and temparature
of 18-23° C with food and water ad libtum. After an

adaptation pericd of one wesk, male rats were
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introducad to the females cages for mating. The female Cisternas of the endoglasmic reticulum, the Golgi
rats were examined for waginal plugs sash morming apparatus and the mitochondria appeared normal (Fig
and pregnant  rats  [n=14) were divided  inio 1). The nucler had & circular lobulated heterochromatin
exparmeantal and control groups. appearance that is normal in rats.

From the beginning of pregnancy, rats in the
experimental group had 0.13% lead acetate {15) in their
drinking water whilst the control group had distilled
water.  Soon  after  delivery,  newborn  rats  wers
anesthetized by ether and their spleens were removed,
Ten spleens were selected from each group through a
systematic random sampling method and from each
splesn a ang mm® sized specimen was prepared. The
specimens ware fixed in 2% glutaraldehyde solution {in
1.1 M phosphate buffer, pH 7.2) for 2-3 hours at 4&.
rinsed  several times  in phosphate  buffer,  then

: . ; E Fig 2 A micrograph of & neutrophil in the splenic red pulp of
i : d o r g ;
Rost fixed in 1% osmium tetroxide for 2 hours at room the ﬁ"’l:.JEJ'II]]r.":-Iﬂ.P.'I] group. Heterochromatin nucleus (M. o segment of whick

termperature,  After  washing in  phosphate  buffer, appears ecoentrically, There @5 heawy accumulabion of grarules in the oaoplasm
dehydration in ethanol and impregnation in Epoxy TG SR BN B aONEs o1 s [ ) ol er e oc sttondan emme
[5) wilh lass eheclron density ace evidenL In Lhe gaps hetweer this cell and other celis
resin, the specimens were embedded with Epon 812 in 2 meshwork of delicale connective tissug can e sean (*10000)
plastic  capsules. The blocks were frimmed and
ultra-thin sections were prepared, The sactions wera
stained with lead citrate and uranyl acetate and then
examined using a transmission electron microscope
(Zeiss 802, In mach specimen of control and

axperimental groups three nautraphils were studied,

Results
The cytoplasm of the cortral fetal rat neutrophils
appeared pale with a few primary and secondary

aranles

Fig 3 A micrograph shows o newtcophil m splenic red pulp in
::Ipl_'!'i]ntnial Eroup. A segnent of nucleus (N, oreplasm el in grasales,
relutively homagenows elecron dense primany granules (P and secondary gravales
with less electron densiry (5), Cisterna of vough endoplismic gsticuhim {arnme] can

also e detected among the granules [=25000)

There ware no differences between the experimantsl
and control groups in the morphalogy of mitcchandria
and Golgi apparatus or the pattern of cytoplasmic
granules (Figs 2 & 3). Same ultrastructural alterations
of the splenic nesutrophils of the expermental groun

were  observed,  Nuclear membranes  were  often

Fig 1: A micrograph of & neutrophil in the splenic red pulp of irregular with deep invaginations {in 60% of cases) (Fig
the control Eroup. Hetsrochromatin nucleus{N), a segment of which is evident, - ’
4}, the plasma membrane had developed pockets and

ciaterna o rough endoplasmic eeticefumlaros head) Golg appacsius(G), and

primany 4t secondary eoplasmic granulesiarrows) are clearty apparent  {*10000] vacuoles were rich in hEIErCIQEneDUS materials {i|‘| EAL
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of cases) [(Fig 5 8], and the incidence of dilated
cizternae was increased in the rough endoplasmic
reficulum (in 30% of cases) (Fig 8]

il

deep imvag ns (acrow heads) is seen.

in the lefl lower part (stard 250007

Fig 50 A photomerograph shows cytoplasm of the neutrophil in

<.'.x|.!i.‘rl[[|:.'['.|!:l| Erotp. Several  multvesicular boedies [Mb),  containing

heterogeneous makerials and some p 1 membrane pockels (stac) and sacuoles

wiln beleraperesus malerials (V) (FI0000

Fig o A phatomicrograpl shows cytaplazm of the neotcophil in
expaerimenial group. Raugh endoplasmic revsulum (RER) with dilaled cilesna,
mitecheades (MTY,  and  several  multivesicalar badies  (MYE),  vontaining
beteroperaons materals and some membrans pocksis withaut specific conlent (3ac)

Rl

Discussion

In the present study, ultrastructural changes in fetal
splenic neutrophils following maternal lead intoxicaticn
included  irregular nuclei with  deep  invaginations
plasma membrane pockets, presence of vacuales with
heteronensous materials, and  dilated cisternae of the
raugh  endoplasmic reliculum.  Based an previous
studies, the presence of heterogenecus vacuoles and
multi-vesicular bodies can be a sign of increased
phagooytic  activity  of  cells  and  lead-dinduced
inflammatary effects {12).

In previous studies on the concemration of lead in
kidney and liver cells, high lead concenirations weare
found in the microsormes,  mitochondria,  and
lysosomes (10,11}, High affinity of lead for suifhydryl
groups and the great amount of sulffwdryl enzymes in
mitcehondria  are the reasons for lead aggregation
mainly n these organelles. Lead sieadily separates
frorm the  microsomal  fraction  and  specifically
concentrates in the mitcchandria {10}, Although these
studies have reported lead-induced morphologic
changes in mitochondria such 25 organelle swaling or
gdema (1011), in the present study no obvious
change was observed regarding morphology of the
mitochondria.  This  observation, however,  was
completely in accordance with ancther repon that
quoted no allerations in mitochondnal ana cytoplasmic
granules in peripheral blood neutrophils of adull rats
(9], The reaction of neutrophis present in the splenic
pulp cords and  peripheral blood were  similar {16].
Since the origin of splenic nedtrophils is peripheral
Blood (14), such results were expected, Although in &
frevious  study  nuclear  pockets  and  crystalline
inclusions  in the cytoplasmic matriz  of some
neutraphils were reponed (12), such changes were not
onzerved here. A possible explanation could be the
fact that the previcus study used adull rats, whersas
the present study was camed oul on fetal rats.

Develapment of pockets and deep invagination in
the nuclear membrang, plasma membrang pockets
and heterogenacus vacuoles that were seen in the
present study, i5 in accordance with Sudakova,s study
{171, It seems that ultrastructural changes are due 1o
the metabolic effects of lead, altered enzyme aclivity in




response to lead toxicity, interaction of lead in
reactions with calclum as their second messenger, and
the accumulation of lsad in these callular organellas
(18).

Recert studies have shown that lesd causes a
decrease in chemotactic activity and random rmigration
of the neutrophils (6). The results repored here
suggest that one possible cause of this inhibition is
related to the effect of lead on actin reorganization. It
has been shown that polarsation of neutrophils
supplemerted with lead is abortive (7). Neutrophils are
thea body's first line of defense against microbial
challenge and in response to microbes in tissue they
interact with the endothelium lining the blood vesseal
wall, migrate across the endothelium and move
towards the offending stimuli 1o eliminate the microbes
by ingesting them (6,16)_ In addition, neutrophils serve
an imponant role in maintaining homeostasis and thus
recruitment  can  |ead

impaired  neutrophil o a

compromised immung state. Based on this and

Makhmoudzadeh Sagheb et al <1

previous studies (6,7.8) it is concluded that l2ad can
affact the immune system and may lead 1o immune
dysfunction with consequences such as recurrent
infactions and poor wound healing, For these reasons
mare atteantion should be given to environmental
pollution by lead and the necessity 1o eliminate

exposura to lead in work places,
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