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Ahstrace
perfurbation in the nervous system is throwgh the nilric oxide
synthase. In this study the effect of lead acetate on the
hippocampal consditutive nilric oxide productien was steidied,

= The mechanism by which lead may cause a

The varigtion in the nitric oride production may contribute fo
physiclogical lead menratoxicity in vive, Different concentrations
of lead acetate (10°% to 100 M), were added to cultures of
kippocampal pyramidal cells obtained from onre-day mewborn
rais. Sodium acetate way ased as control In this range of study
vieshility of cells did not alter when i was compared o control
(P = @.05) In another part of study, cells were obfained from
wne day dams whove mothers were chronically intoxicated by
lead acetate, The results showed that neither direct expoiure of
rirrral celly por celly obtainet from Lnfter group conld show any
increase in the ameunt of ritric oxide, Administration of lead to
the cell 10 minwtes before measurement showed sume resulls,
These results showed that low concemtration of lead acetate can
med induce nitric ocide production in the pyromidael celly.
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INTRODUCTION

Lead (Ph), the most ubiguitous loxic metal, s
detectable  in practically  all phases of the inert
epvircnment and i all biologic systems. Children seem
particularly vualnerable as a resolt of greater relative
exposure 10 Pb oand because of the enbanced sensitndty
of the developing nervous  system (1), In fact,
prospective Cross-sectional and lomgitudinal
cpidemiological studies in pediatric populations  find
low-level Pboexposure 10 be associated with subtle

behavioral  changes, such as deficits in [0 scores,
impaired  psychomotor development,  and  poor
classroom  performance  {23). While  higher  level

exposures have long been known o produce  owert
nervous svstem toxicity as manifested in seizares, coma
and even death (4). The hippecampus has been
suppested as a site of lead's tmic action (5) cither as
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storage for Ph {6y or exastence of more sensitive ccllular
targets 1o Phon hippocampus (7). Mitric oxide (N0 s
a highly unstable compound thal acls a8 o messenger
molecule inoimmune and endothelal cells (8] and as a
neurotransmitier in the brain (%), Nitric oxde is the
muin  prodduct of o reaction an which  nitric oxide
synthase [MNOS) converts argimine o citrulline {100,
There are several sotorms of NOS that fall into fwao
major classes o 1) incucible NOS (INCES) present
macrophages and 2} constitutive caleium (Ca?+)y and
calmodulin regulated NOS (cNOS), which includes twao
isoforms, endothelal (eNOS) and neurenal (nNOS)
(117, Both eMNOS and nNOS activities are found i the
hippocampus (12).

It has heen shown Ph, a divalent metal, s
capable of displacing Ca?t from varnous o+ -hinding
proteing such as calmaoduolin {3 Farthermore, Phocan
inhitit membrane Ca2+-dependent processes (14} and
Calt-dependent engymes (13). Furthermore Phocan
inlerfere with NMDA receplors al concentrution abaoul
3200 pM (16). The glutamate/NOsoluble  puanylyl
cyclase system 18 of primary importance in o variety ol
physiologieal  and  pathological af  the
hippocampus {177

In the presemt study we cxamined the ciicen of low
concentrations of Ph on levels of NO production by
hippecampal  pyramidal cells, n the presence  and
ahsence of low level Phoin vitra, Furthermore the effect
of chrone exposure of newborn rats from moethers that
had received Ph by drinking water and lead levels m
their Blood bad reached the steady state was cxamined.
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MATERIALS AND METHODS

1. Cell Culture of hippocampus cells

Fregnant Sprague-Dawley rats (300-200 p) were
housed inoa room controlled st 23 £ 2 9 O with
controlled lighting conditions (12 hrs light/12 hrs dark).
Food and water were provided ad  libitum, The
hippocampus  tissue  of  one-day-old  pups  removed
aseptivally (10 pups m each experiment in throee



separate occasions), The lissue was then incubated in
dissociation medium (%ImM Naj50,, 30 mM K550y,
58 mM MgCly, 025 mM CaCly and 1 mM HEPES
with the pH adjusted to 7.4) containing Troypsin {13,
Sigma) for 20 minutes. Cells were then filtered through
S0 pm nylon filter. The cells were washed in growth
medium (Dulbecco Modified Eagle Medium, DMEM)
containing 3% fetal bovine serum (FHS), 5% horse
serum  (I15), 400 pg L-glutamine, and 17 mM
D-plucose (18). The dissociated cells were plated at a
density of aproximately 56 105 mll in 35 mm
poly-I>-Lysine  coated  plates  (Nunc, [Denmark).
MNon-neuronal cells were omitted by 24 hrs cylosine
arabincside incubation (18). In a separate experiment
the pregnant animals were chronically (one months
priar o pregnancy) exposed to lead acetate and after
delvery the pups were used in the same manner for the
effect of lead in the NO production of cultured cells,

2. Nitric Oxide measurement in culture

Into a prewarmed (37°0C) cuvelle containing the
buffer (e 0.1 M Hepes. pH 700 add the NOS
substrates as follows: 1mM L-arginine (100mM stock
solution prepared i the buffer, stored at -200C), 1 mM
CaCly (100 mM stock solution prepared in Ho(, stored
ar -20°C), 0.2 mM NADFH (20 mM stock solution
prepared daily in the buffer, pH = 7.0), 0.5 pM flavine
mone  nucleatide (FMN) {05 mM  stock  solution
prepared daily in the buffer, pIl 700 and 10 uM
letrabydrobiopterin (BH4) (2 mM  stock  solution
prepared in 10 mM HOl prepared every 5-6 hrs); it is
highly unstable in dilute solution due 1o avtoxdation,

To  measure NGO, add 4 uM  HbO,
{myvhemmuoglobing  (prepared  according to 130 lorio)
{197 10 the cocktail, mix geotly; record the absorbance
at 401 nm. This cocktail is added to the cells, which are
washed three times by PBES and incubated in 37°C for
20 minutes. MetHb  (methemoglobing  formation s
shown by increasing in the absorbance at 401 nm. It s
([Uﬂﬂljﬁtd uﬁing a f4|:|1 (metlb-FHh02) of 49 mM
cm 1200

3. Lead administration to the culture

Different concentrations of lead acefate (109, 5 x
109 108 5 » 10% 1077 5 %107 and 1078 M) were
administered to 2 days culture of the hippocampus cells
atter pyramidal purification and let lead be exposed for
T days in the mediom, In separale experiment, the
same concentrations of lead acetate were added to
culture mediam just 10 minaces hefore MO assessment,

4. Viahility test

A. Trypan blue exclusion test: 0.4°% v trypan
Bluz was added 1o the cell suspension (cells were
preparcd by trvpsinization) and those cells not stained
Py the dye were counted by light microscopy.
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B. Determination of mitochondrial dehydro-
penase activity (MTT)

100wl solution of 3-[4 5-dimethyl  thiazol-2y1]
-2, 3-diphenyl tetrazalium bromide (MTT) was added
each well. Mitochondrial dehydrogenases of viable cells
cleave the tetrazolium ring of the yellow MTT 1o vield
purple formazan crystals, which are msoluble  in
aquecus solutions. The crystals were dissolved in 300 gl
acidified isopropanol and the UV absorbance of the
resulting purple solution determined at 570 nm agains
690 nm for blank solution, The amount of produced
formazan s directly proportional 1o the number af
viagble cells.

5. Statistical methods

The data in cach group were examined by pared
student t-test and probability less than 005 (F<005)
wias assumed significant.

RESULTS

Figures | & 2 show the viabilily of cells when they
were exposed 1o the lead acetate and sodium acetate
(0, 10-% 107 and 10-% M) uvsing trypan blue dve
cxclusion test and MTT assay, respectively. As L s
shown in these figures the vability of cells remain
unchanged in the range of lead administration. Figure 3
showes time course study of NO production in nermal
culture of hippocampus cells. The optimunm time for
megsurement of NCY as it is shown in figure 3 05 abouw
20 minutes after adding substrate [or NOS. Figure 4
shows the effect of different concertratons of lead
acetate in the NO production of cells inovitre, As L
shown in this figure there s no difference in the WO
production of cells after exposure 1o lead acelate, Inoall
experiments dillerent concentrations of sodium acetate
were studied as control for the effect of acelane jon
the WO production, The same shedy was conducted Hor
the pups obtwned from pregnant rat, which were
chronically treated by lead acetale excepl in 1he
following  experiment  lead  acelale was oot added
directly to the medium. Figure 5 shows the plasima lead
concentrations of animals that were administered lead
acetate  chronically,  Figure 6 that  1he
administration of lead chronally o the ammals in vivo
has no effect in the MO production when s compared
1o the sodivm acetate group, Figure 7

shonws

! oshowes that the
administration of lead acctate (the same conceniraions
i figure 4) for 10 minutes has no effect m the MO
production when it s compared 1o the sodivm acelale
BT,
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Fig. L. The effect of different concentrations of lead acelate
and seddium acetae on the viability of hippocampal pyramidal

cells in culture by using trvpan blue counting assay. The

results were presented as percent of viability of conlroel,
{£5E, n=3).
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Fig. 2. The effect of different concentrations of lead acetate
and sodinm acetate on the viahility of hippocsmpal pyramidal
colls in culture by using MTT assay, The resnlts were
presented as percent of viability of control, {258, n = 3).
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Fig. 3 The effect of time on nitric oxide production in
normal hippocampus cell cultures {£5E, n=a),
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Fig. 4. The effect ol dilTerent concentrations of lead acetaie

and sodium acetate on MO production in Bippocampal
peramidal cells {£5E, n=%)
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Fig. 5. Dase relationship with plasma level when the lead

acetate was administered arally (51, n=5
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Fig, 6, WO production in the cells obtained From pups Lhat
their mothers were chrontcally treated by lead acetane

compare 10 groups which were treated by sodinom acelate
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Fig. 7. The elfect ol different cancentrations of lead acctate
and sodium acctate with 10 minutes preincubation time on
MO production in hippecampal pyramidal cells (=355, 0 = 9.

DISCUSSION

MO is a biological messenger molecule that behaves
as 4 neurotransmiller in the brain (%), Because of
similarity  between  clinical  presentation of - lead
neuroioxicity and NO production effect on the learming
and memory in brain {2311, the question  arises
whether there is a relation bebween these phenomena.

Pyramidal cells contain nNOS (21 cNOS s calvium
and calmadulin dependent and plays a rele in localized
reanscellular communication (22), relaxation of vascualar
smuoth  muscle (23,243, inhibition of - platelet
agarepation and adhesion (25) and newrotransmission
(9267 11 has been shown that Fbos capable of
inhihiting  ¢MNOS  al concentrations  that  alters the
activities of other Ca+-dependent eneymes, such as
pyruvate  kinase (27) and  protein kinase O (13
Increasing the concentration of Ca®+ reversed  Lhe
inhibilary effects of Ph suggesting that the effect of Ph
on eMOS is in part due 1o ils ability 10 minue Ca21; this
is in agreement with Habermann et al (1988) who have
shown that Phocan displace Ca®* from culmodulin (13,
The hippocampus bas been sugpested as a site of Phis
toxic action (5} Moreower, 10 has been shown thal Ph
can be geoumulated in the hippocampus (60, Homeser,
it has been claimed that the basis [or any suggestion
ahout selective vulnerability of hippocampus 13 not due
o oa preferential Phoaccumuolation. Instead, Fbomay
leract with cellular targets and aller hochemical or
cellular processes that are uniquely associated with, or

ol
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greatly enhanced in o particular regon (7). 855900 0l
hippocampus cells consisted of pyramidal cells (283 In
this study we decided o evaluate cNOS function
relation 1o Ph toxicity. The inability ol sodiom aeetate
to affect the prodection of nitrite by cNOS sugaests
that the decrease nnitrite production can be attribueed
to Po orather than to the acetate (297, Furthermore, the
inhikition of nitrte production by cNOS occorred @
concentrations of Phothat did net aler pyramadal cell
miorphology, mduce cell membrane leakage, or alter the
rate of ATP production (Fig. 1&2, respecively).
Farlicr studies bave shown thal catalylic conversion
of L-arginine 1o nitrie oxide reguires Cu?t wons. 1t has
heen reported that activity of brain eNOS underwent
lime-dependent diminution when cytosolic preparations
wore preincubated with caleiem ions (73, Phoand other
heavy metals can interfore with ¢NOS actiily throogh
Ca2t jon. However, Lhis interference usually oceurs m g
concentration higher than approached o chronic tosiciny
I e compared 100 1 pboin whole hrain
respectively) (30). nNOS is permanently decreased in
the cerebellum of ras subjected o chrome neonatal
hlockade of NMDA (310 However, in happocampus,
NMMDA receptor seems Dot ot beoinveled in the
muintenance of basal concentration ol cGMEP (171 It
has also heen shown thal Poocan interfers with NMLIA
receplors a1 concentration about 5-20 o (1067 wiieh s
near to Lhe concentration achiewed in chronie lead
toxicnty (7). Pbointeracts with the NMDA  recepor
complex and inhibitg receptor activation (32333 11 has
been suoggested that the effects of Phoon the NMIA
receplor complex may be responsible, al least i parts,
for some of the learning deficits swhich have heen
wlentified in experimental ammals and homan beings
exposed 1o Pb during early development (32.33). This
cffeet of Phowas very similar to the one observed Tor

e

the divalent cation Zn , an allosteric modulator of the
NMDA receplor, In et Ph inhibit NMDA
receplar  activatien  vig imleraction al @ An**
allosterie sie (16),

As shown in figure 4, different eoncentrations of
lead acetate with 7 days prefncubation meoculiure, have
nal altered MO production in kippocimpus peramidal
cells, 1t may doe o effect of Phoon NMDA recepror
thal inhibits stimulated NO- production b does ool
affeet basal NO production, Data presented in figure O
shows  that MO produstion
hippocampal pyramidal cells o celures rom necnales
sehiose muthers had taken Phon donking sacer and Ph
hadl  reached  the  steady  stale
Furthernuore, Ogure & shows that Phocan ot mtertere
with [elus MOS andfor after birth the NOS auiny will
he resumed. Dot presented an figure Lt
meubation of different concentrations of lead acetate
for 10 minwes coekl nmoaler NP productoen m
hippocampal pyramidal cells in cellure. which o

Ly
an

wias nob o allersd

levels ligure 3.

Toshurws
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apreement with that of Mital et al (19957 (300 (similar
1o Iig. 4).

The data presented in this study makes  bwo
hwpotheses. st in agreement with Guilarte ot oal
{1997y [16) which shows that low concentration of Ph
can kind to the NMDA receptors in dey 14h postnatal
rats in hippocampus region ab concentration of 7.8 whd
compared 10 cortex at concentration of 34 oM and so
resulted inhibition of NO production bul can interast m
learning and memory as mentioned before. In this
hypothesis Pk behaves as dealent cation competing
with Anat this  receptor,  Another  possibility s
interference of Ph owith ehO5 i endothelial cells in
hippocampus  hloed (2% which  results in
wlerroption of normal Blood (ow in the region and
iy cause damage inopyramidal cells Latter conoept
means that if animals were treated with Ph chronically,
they should present some pathological problem in the
Hippocamipal ar, at least, brain vessels,

vessels
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