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Lead (Pb) is a toxin wth wde environnmental
distribution. Recently, study of the effects of |ead has
focused on the inmune system (Fichsbein et al. 1993).

The macrbphage is one of the immune cells which
under goes changes when exposed to lead. This involves a
reduction in the number of nmedullary nmacrophages
(Kowol enko et al. 1989) . Furt hernore, cel lul ar
viability of peritoneal nmacrophages is reduced when
exp?sed in vitro to lead (Buchmuller-Rouiller et al
1989

The study of the nacrophage phagocytosis has reveal ed
contradictory results (Jian et al. 1985; Kowol enko et
al. 1988). A decreased capacity to kill intracellul ar
pat hogens (Lawence 1981) can be confirmed, whereas
phagocyte activity, such as antigen presentation is
| essened (Kowol enko et al. 1988). Al teration of
m gration and chenotactic factors could explain sone of
these functional changes brought on by the exposure to
lead. For this reason, we have tried to assess the
effects of lead on chenptactic activity and spont aneous
nngnlity of resident peritoneal nmcrophages in a nurine
model .

MATERI AL AND METHCDS

W used 4 week old + 4 days fenale BALB/c mce purchased
from Charles River. Animals were housed four per cage in
stainless steel hanging wire cages and fed a nmouse chow
(I'nterfauna I bérica, Barcelona, Spain) ad libitum Mce
were kept in roons under controlled environmental
conditions (22°C and 12 hr light/dark cycle). Follow ng
a one-week acclimatization period, 32 mce were divided
at randominto 4 test groups of eight: a control group

and groups exposed to 13, 130, or 1300 parts per mllion
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(ppm | ead), respectively. Exposure to lead (crystallized

| ead acet at e, Panr eac, Bar cel ona, Spai n) was
admnistered by their drinking water over a period of 10
weeks. Water was administered ad [libitum i ght

(expressed in g) and drinking water (measured in m/day)
were recorded 3 times a week throughout the experinent.

Peritoneal |avage was performed using RPM-1640 nedi um
(Sigma, Chemical Co., St. Louis, U S. A),supplenmented by
10 mM of N 2-hydroxyet hyl pi perazi ne-N - 2- et hanesul foni c
acid (HEPES, Sigma, Chemical Co.,St. Louis), and 10 U
sodi um heparin per nL. The culture medium was conposed
of RPM -1640, 10 mM HEPES, and 2% bovine albumin
(al bumin bovine fraction 5, fatty acid free, Sigm
Chemical Co., St. Louis). The chenotactic substance was
prepared from RPM -1640, 10 mM HEPES, and 3 ng/nlL of
casein (Sigma, Chemical Co., St. Louis) as per WIKinson
(1986) . The culture nmedium was used to evaluate
spontaneous nobility.

W harvested peritoneal macrophages by |IP injection of
4 nL of medium W forned 3 aliquots and counted the
nunber of cells in each with a hemacytometer, thereafter
cal culating the average from these results. Cytosnears
of peritoneal cells were prepared for each animal using
the Brummer et al. (1986) nodified procedure and we
stained slides using Diff-Quick® (Baxter Dade A G,
Dudi ngen, Switzerland). To assess their composition, we
classified 200 cells fromfour different areas of the
smear chosen at random The percentage of macrophages
was multiplied by the number of peritoneal cells so as
to obtain the nunmber of macrophages.

Cellular viability was checked using trypan blue dye
(Merck, Darnstadt, Cernmany) at 0.4% (Herscowitz and Col e
1981). Macrophage viability was always greater than 95%

Chenot axi s was neasured according to nodifications of
t he Boyden technique (Lohr and Snydernman 1981). W used
three chanmbers per aninmal (Neuroprobe, Quimigranel S A,

Madrid, Spain). W added 200 pL of cellular suspension,

adapted to a concentration of 2X10°nacrophages/nL, to
the upper conpartnment. In the |ower conpartnent, we
inserted 100 pL chenotactic substance. In the mddle, we
placed a polycarbonate filter, with a pore size of 5 pm
(Nucl epore, Qimgranel S. A, Madrid, Spain). Filters
were collected, dried, and stained with D ff-Quick" The
chanbers were incubated for four hours at a tenperature
of 37°C in a humid atnosphere. The chenmptactic index
nmeasured the cell nunmber (average of 3 filters), which
had em grated to the lower side of the filter, in ten
areas chosen at random using 100 X objective and 10 X
ocular. Spontaneous nobility was neasured in the same
way differing only that 100 pL culture nedium repl aced
casein in the |l ower conpartment. Again, we used three

160



chanbers per animal. The spontaneous nobility index
cal cul ated the average number of emigrating cells in ten
areas chosen at random

The results from the three exposure groups and the
control group were conpared using analysis of variance
(ANOVA) (Doménech 1990). The results were regarded as
significant at P<0.05 and the groups producing the
statistical significance were identified by neans of "a
posteriori" orthogonal contrasts, as per the Scheffé
test (Doménech 1990). If ANOVA was not possible (under
conditions other than normal, and wi thout honogenous
vari?nce), the Kruskall-Wallis test was used (Donénech
1990

RESULTS AND DI SCUSSI ON

Weight gain was statistically simlar in the four groups
(data not shown) during the trial. Means and standard
errors of final body weight were: 19. 72+1. 19,

19. 02+0. 39, 20.98+0.40, and 19.13+0 67 g for the contro

group and groups exposed to 13, 130, and 1300 ppm | ead,

respectively. Daily water consunption (nl/day) averaged
4.08+0. 06, 4.50+0.06, 4.61+0.09, and 4.04%0.10 in the
control and groups exposed to 13, 130, and 1300 ppm

respectively. No statistical differences were found in
t he above paraneters. Similar body weight and water
consunption anong the four groups confirmthe animal's
good conditions.

The chenotaxis index of animals in the 13 ppm group was
64.8 % of the control group (P<0.05) (Table 1). The
group exposed to 130 ppm did not differ from the
control. The 1300 ppm group was only 63.7 % of that of
the control group (P<0.05) (Table 1).

Table 1. Chenptaxis and spontaneous nobility index of
resi dent macrophages in mce exposed to |l ead acetate in
drinking water (nmeanzSE)

Tr eat nent Chenot actic index Spont aneous
mobi lity index
Cont r ol 41. 4045. 85 26. 65+5. 63
13 mm 26.81+2. 60° 20. 93+3. 12
130 ppm 41. 86+6. 43 18. 50+3. 23
1300 ppm 26. 36%3. 84° 24.32%2. 20

“Means (+SE) bearing this superscript are significantly
different fromcontrols (ANOVA, P=0.038)
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Spont aneous mobility did not change with |ead exposure
(P>O.0®) (Table 1).

Decreased chemptaxis in neutrophils of humans exposed to
| ead has been previously reveal ed (Bergeret et al.1990;
Queiroz et al. 1993). Chenptaxis in nouse peritoneal
macr ophages seens to be consi st ent with | ead
susceptibility, showi ng inhibition with doses as |ow as
13 ppm

Reductions in the chenotactic activity after doses of 13
ppm a simlar value to that in the control group with
doses of 130 ppm and subsequent inhibition at doses of
1300 ppm have not been gl eaned from previous studies.
Lison et al. (1990) detected a similar alteration in
protein kinase C activity of peritoneal mnacrophages
exposed to lead. This enzyme intervenes in signal
transduction of chemptaxis, so its nodification by |ead
could explain these results in chenotactic activity.

Lead could reduce «cellular orientation caused by
chenotacti ¢ substance which precedes and i s necessary
for mobility, as lead interference has been discovered
in the assenblage of mcrotubules, which take part in
orientation prior to novement (Roderer and Doenges
1983).

Finally, reduced cellular spreading (Kowol enko et al.
1989), provoked by lead, could explain inhibition in
chemotaxis, since correct adherence is necessary for
opti mum execution of novenent (WIkinson and Haston
1988).

Acknow edgnments. We thank MsHilary Keller for preparing
the manuscript in English.

REFERENCES

Bergeret A, Pouget E, Tedone R, Meygret T, Cadot R
Descotes J (1990) Neutrophil functions in |ead
exposed workers. Hum Exp Toxicol 9:231-233

Brumer E, McEwen JG Stevens DA (1986) Fungicidal
activity of nurine inflammatory pol ynmorphonucl ear
neutrophils: comparison with nurine peripheral blood
PW. din Exp Inmmunol 66:681-690

Buchmil l er-Rouiller Y, Ransijn A Mauél J (1989) Lead
i nhi bits oxidative netabolism of nacrophages exposed
to macrophage activating factor. Biochem J 260: 325-
332

Donénech JM (1990) Metodos estadisticos en Ciencias de
la Salud. Signo SA, Barcel ona

Fi chsbein A, Tsang P, Luo JCh, Bekesi JG (1993) The
i mmune system as target for subclinical lead related
toxicity. Br J Ind Med 50: 185-186

Herscowitz HB, Cole DE (1981) Maintenance of macrophages

162



in vitro. In;: Herscowitz HB, Holden HT, Bellanti JA,
Ghaffar A (eds) Manual of macrophage nethodol ogy.
Col l ection, characterization, and function. Marcel
Dekker, New York, pp 161-169

Jian Z, Ying-Han X, Hog-Fu C (1985) The effects of |ead
ion on immune function of rabbit alveolar
macr ophages: quantification of inmmne phagocytosis
and rosette formation by Pb in vitro. Toxicol Appl
Phar macol 78: 484- 487

Kowol enko M Tracy L, Mudzinsli S, Lawence DA (1988)
Ef fect of lead on nmacrophage function. J Leukocyte
Bi ol 43:357-364

Kowol enko M Tracy L, Lawence DA (1989) Lead induced
alterations of in vitro bone marrow cell responses to
colony stinulating factor-1. J Leukocyte Biol 45:198-
206

Lawrence DA (1981) In vivo and in vitro effects of |ead
on hunoral and cell nediated inmunity. Infect |mmun
31:136- 143

Lison D, Raguzzi R, Lauwerys R (1990) Conparison of the
effects of auranofin, heavy metals and retinoids on
protein kinase C nedi ated response in macrophages.
Phar macol Toxi col 67:239-242

Lohr KM Snyderman R (1981) In vitro methods for the
study of mmcrophage chenotaxis. In: Herscowitz HB,
Hol den HT, Bellanti JA, GChaffar A (eds) Manual of
macr ophagenet hodol ogy. Col | ection, characterization,
and function. Marcel Dekker, New York, pp 303-314

Queiroz M.S, Alneida M Gllao M, Hoher NE (1993)
Def ective neutrophil function in workers
occupationally exposed to |ead. Pharmacol Toxi col
72:73-77

Roderer G Doenges KH (1983) Influence of trimethyl Iead
and inorganic lead on the in vivo assenbly of
m crotubul es from manmalian brain. Neurotoxicol ogy
4:171-180

W ki nson PC (1986) Locompti on and chenotaxis of
| eukocytes. In: Weir DM (ed) Handbook of experimental
i mrunol ogy. Bl ackwell Scientific Publications,
Oxford, pp 51.1-51.21

W1 kinson PC, Haston WS (1988) Chenpotaxis: an overvi ew.
Met hods Enzynol 162: 3-16

163



