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The literature on the toxicology of lead
provides little evidence of the neurotoxicity of
organic lead compounds. Toxicant-induced
changes in the concentration of glial fibrillary
acidic protein (GFAP) in the brain may help
clarify at which stage of neurotoxicity
astrocytes are affected and whether GFAP may
provide an index of toxicity. Male F344 rats
(>42 days old) were exposed to O (control), 8
or 16 ppm lead as trimethyl lead (TMPb) in
drinking water for up to 14 days. Weight gain
was significantly reduced in both exposed
groups. Control rats had the expected brain
regional pattern of GFAP concentration with the
highest in the hippocampus and cerebellum
and lowest in the cerebral cortex. The
hippocampus was the region very sensitive to
TMPb, with increased GFAP in rats exposed to
8 and 16 ppm TMPb for 14 days. There was a
significant time-response in rats exposed to 8
ppm TMPb with decreases in GFAP on day 7
and increases on day 14. A hypothesis
concerning this biphasic change in GFAP
concentrations is discussed. The results
indicate that GFAP may be used to indicate
the role of the astrocyte in the neurotoxicity of
TMPb. GFAP concentration, as biomarker of
TMPb effect, was as sensitive to TMPb as
body weight and thus may provide a marker of
neurotoxicity.
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Lead is the most ubiquitous toxic metal without any demonstrated biological need
(1, 2). Most of the lead in environmental pollution is inorganic, and most experiments
with laboratory animals have studied inorganic lead (1). As many as 17 per cent
of American children may be at risk because of low level exposure to lead and lead
exposure is still a very serious threat to children in many nations (3).

Lead can penetrate the blood brain barrier and accumulate in the brain (4).
There is a good correlation between blood lead concentration and brain lead
concentration in animals continuously exposed to lead (5-8). Lead in the central
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nervous system tends to concentrate in the hippocampus, followed by cerebellum,
cerebral cortex, and medulla (9-11). Astroglial processes resemble a sheath which
surrounds almost all the vascular surfaces in the mammalian brain, and thus
may be an important part of the blood brain barrier (12). Astrocytes can sequester
and accumulate lead to a high concentration both in vivo (13) and in vitro (14).
Therefore, astrocytes may serve a protective function for neurons in the brain
by acting as a lead sink or filter (15).

Glial fibrillary acidic protein (GFAP) is a cell-specific cytoskeletal intermediate
filament protein (16). It provides a convenient marker for changes in the number
or size of astrocytes, a major class of glial cells in the brain. GFAP concentration
is affected by chemicals (17-20). The cellular mechanism of lead neurotoxicity
may be clarified by examining how lead exposure affects GFAP. All published
work on GFAP has involved inorganic lead. In one series of in vivo experiments,
rats were exposed to 10,000 ppm lead acetate in drinking water for 30, 60, and
90 days. After 60 days of exposure to lead, there was an increase of GFAP-staining
cells in the hippocampus. The intensity of the GFAP response was enhanced
after 90 days of lead exposure (21, 22). Preliminary data in this laboratory indicated
that GFAP concentration can decrease under some circumstances in rats exposed
to 50, 150 and 450 ppm lead for up to 42 days (23). In vitro, lead decreased
the expression of GFAP, interpreted as a decrease in the level of differentiation
and impairment of glial cell function (24).

Organometals are usually more neurotoxic than inorganic metals (25). The
present study investigated the effects of trimethyl lead (TMPb) upon GFAP in the
brain. Rats were exposed to 8 and 16 ppm trimethyl lead for up to 14 days.
Dose- and time-effect relationships for GFAP levels in the cerebral cortex, hippo-
campus and cerebellum were examined to test whether continuous exposure to
lead produces a different pattern of change in astrocytes at early stages of exposure
than at later stages; and whether changes at low doses of lead were different
than at higher doses which produce overt toxicity.

MATERIAL AND METHODS

Animals and Lead Exposures

Male F344 rats, body weight about 70 grams, were obtained from Taconic Farms
(Germantown, NY). Animals were housed in pairs in stainless mesh cages in a
room maintained at temperature of 22+2 °C and humidity between 40 and 80%
with a 12-hr light-dark cycle. Lights were on from 04:00 to 16:00. The rats were
allowed free access to food (Purina Lab Chow, 5001, Ralston Purina Conp,; St.
Louis, MO) and distilled drinking water.

After adjustment to the laboratory for one week, rats were divided into three
dosing groups of eight rats each of approximately equal average weight. Control
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rats continued to receive distilled water as their drinking water. Two groups of
rats (n=8) drank 8 or 16 ppm lead (Trimethyl Lead Chloride from Alfa Products,
Danvers, MA) in distilled water for seven or 14 days. The system for drinking
water was designed to minimize loss of water because of dripping and evaporation
and thus to provide a very accurate measure of water consumption (26).

Blood lead concentrations were not determined because of a report that
blood concentration is not a good index of exposure or effects of organic lead
(27). Historical data from control rats in this laboratory indicated total lead in
blood as less than 2 ug/dl.

Body Weight and Water Consumption

Rats and water cans were weighed before and during lead exposure twice a week
on a digital balance to an accuracy of 0.1 g. Consumption of food was not
measured.

Brain GFAP Assay

Rats were killed by decapitation. For each TMPb exposure level, one group of
control rats was killed on day seven of the experiment, and TMPb exposed rats
were killed on days seven and 14 of lead exposure. Each dose of TMPb was
studied with a separate control group.

The brain was immediately removed and put on a cold plate. Samples were
taken from the cerebral cortex, hippocampus and cerebellum. All samples were
sonicated with 10 volumes of 1% (w/v) sodium dodecyl sulfate (SDS) which was
put on a hot plate with the temperature of approximately 70 °C, then stored at
-84 °C for future analysis. Total protein was determined by Pierce Bincinchoninic
Acid (BCA) assay (28) and GFAP concentration was analyzed by the enzyme-
linked immunosorbent assay (ELISA) method (29). A GFAP standard curve was
obtained by serial dilution of a calibrated standard composed of a homogenate
of normal rat hippocampus which had been standardized with pure GFAP (IBL
Research Products, Corp., Cambridge, MA) by the method of addition.

Statistics

The BMDP computer library was used; the library’s name was formerly Biomedical
Data Programs (30). Body weight and water consumption data were analyzed
by unbalanced repeated measures models with structured analyses of covariance
matrices (ANCOVA) (BMDP, Program No. 5V). GFAP data were analyzed by
analysis of variance (ANOVA) (BMDP, Program No. 7D), followed by Student-

Newman-Keuls multiple range test. P<0.05 was considered significant.
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RESULTS

Body Weight and Water Consumption

Control rats weighed 90.7+1.5 g (mean+SEM, n=8) before the exposure and
163.5¢1.8 g (mean+SEM, n=8) at day 13 of exposure. Rats exposed to TMPb
gained less weight than controls (ANCOVA %2=16.0, df=2, P<0.001). This reduced
weight gain was observed as early as day three in the rats exposed to 8 ppm
trimethyl lead. The body weight of rats exposed to 16 ppm TMPb continued to
grow more slowly than controls until day 13 (dose X time interaction ¥?=36.2,
df=2, P<0.001) (Figure 1). The water consumption of control rats was 24.8+0.3
g/day (mean*SEM, n=8). Water consumption of the rats exposed to TMPb de-
creased by 21.0% for the 8 ppm group (t=12.82, df=13, P<0.001) and 29.3%
(t=8.43, df=14, P<0.001) for the 16 ppm group
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Figure 1 Body weight of rats during 14-day exposure to TMPb in drinking water. Data are expressed as percentage
of the age-matched control group which weighed 103+1.5 g on day 0. Each point shows mean + SE. Day 0
represents baseline before exposure to lead began.
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GFAP Concentration in Control Rats

GFAP levels of control rats were much higher in the hippocampus and cerebellum
than in the cerebral cortex (Table). These results are consistent with differences
in GFAP concentration of these brain regions reported in the literature (20, 29).

The variability of control samples can be judged by the SE, which were approx-
imately 6% of the control means (Table).

Table. GFAP Concentration in control rats

Cerebral cortex 8 1.99+0.22
Hippocampus 8 5.16+0.24
Cerebellum 8 5.56+0.36

GFAP Dose-Response

GFAP levels were higher in TMPb exposed rats than in controls after 14 days of
exposure (F=4.97, df=2, 75, P<0.001). Furthermore, the effects of TMPb differed
according to brain region (F=4.23, df=4, 75, P<0.01). The hippocampus was the
brain region which was most consistently affected by TMPb (Figures 2 and 3).
After 14 days of exposure, GFAP levels in the hippocampus showed a significant
dose-related increase (Figure 2). Exposure to either 8 or 16 ppm TMPb caused
a significant increase in GFAP. The GFAP concentration in the cerebellum was
significantly increased after 14 days exposure to 8 ppm TMPb (Figure 3), but
changes with the cerebellum were not significant at other dose and time points.

GFAP Time-Response

There was a significant time-response relationship in GFAP levels in three brain
regions of rats exposed to 8 ppm TMPb for seven and 14 days (F=8.25, df=2,
87, P<0.001), with GFAP decreased at seven days (for all three brain regions, 8
ppm TMPb vs control, F=6.1, df=1, 42, P=0.02) and increased at 14 days (F=21.4,
df=1, 42, P<0.001) (Figure 3). The multiple range test indicated that GFAP in the
hippocampus and cerebellum at day 14 of TMPb exposure was significantly in-
creased above the concentration of the control group. The statistical significance
of the decline in GFAP on day seven is shown by the most powerful and appropriate
statistical test available for this set of data - an analysis of variance of the entire
body of data. Following this, post-hoc tests of individual pairs of control and
TMPb data points were evaluated, but the statistical power was reduced because
of the smaller N in these post-hoc tests.
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Figure 2 The concentration of GFAP in the hippocampus in rats exposed to 8 or 16 ppm TMPb for 14 days. Data
are shown as mean + SE, n=8.
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Figure 3 GFAP concentrations in rats exposed to 8 ppm TMPb differed depending on the duration of exposure
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DISCUSSION

This is the first report of an organo-lead compound affecting brain GFAP. Exposure
to TMPb for 14 days produced increases in hippocampal GFAP concentration
(Figure 2). Other experiments have shown that reactive gliosis accompanying
neuronal damage is the cause of increased GFAP concentration in rats exposed
to trimethyl tin (31). The most-frequently reported response of astrocytes to dis-
eases or injuries of the brain is reactive astrogliosis, which is defined primarily
as an increase in the number and size of cells expressing GFAP. In vivo, the
increase of GFAP is primarily due to astrocyte hypertrophy which is most often
accompanied by neuronal damage (31, 32).

Of the three brain regions studied here, GFAP concentration of the hippo-
campus was the most consistently affected by TMPb, followed by the cerebellum,
while the GFAP concentration of the cerebral cortex was not affected by TMPb.
The brain regions which had the greatest change in GFAP are those having the
highest basal levels of GFAP (Table 1) and the highest uptake of lead compounds
(9-11).

The effective dose of TMPb (8 ppm Pb in the drinking water, leading to
consumption of approximately 1.3 mg Pb/kg/day) is much lower than the dose
of inorganic lead necessary to affect brain GFAP (21, 22). This observation fits
the pattern in which the organic compounds of many metals have greater neu-
rotoxicity, on a mg/kg basis, than their inorganic counterparts (1, 25).

The small, consistent decreases in GFAP at the earliest time of exposure to
the lower concentration of TMPb (Figure 3) deserves additional research. Change
in brain GFAP may be the result of direct action of TMPb upon astrocytes, or it
may be secondary to damage to neurons. Because the astrocytes absorb lead
as an early defense (13), and lead can inhibit GFAP expression in vitro (24),
lead may inhibit synthesis of GFAP, resulting in a decline of GFAP, since organic
lead is known to inhibit the synthesis of other proteins in the nervous system
(34-37).

The toxicity of TMPb was also indicated by the reduced growth of young
rats during exposure to TMPb (Figure 1). Inorganic lead can reduce growth,
primarily as a result of its effects upon ingestive mechanisms and appetite (38,
39). The results of Figure 1 indicate that TMPb interferes with the growth of rats
in a manner similar to that of inorganic lead. It remains to be determined whether
TMPb and inorganic lead compounds share the mechanisms of inorganic lead
effects upon growth. Toxicologists seldom evaluate ingestive behavior thoroughly
(e.g., 22). However, studies of ingestive behavior can provide both an informative
and sensitive index of toxicity (40). In the present experiment, water consumption
and body weight proved their value as general indices of toxicity because they
were equal to brain GFAP concentration in terms of sensitivity to TMPb.

These results strengthen suggestions that the measurement of GFAP con-
centration in the brain can provide a quantitative index of neurotoxicity (41, 42).
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SaZetak

NEUROTOKSICNOST TRIMETILNOG OLOVA U STAKORA:
PROMJENE U GLIJALNOM FIBRILARNOM KISELOM PROTEINU
(GFKP)

Medu literaturnim podacima o toksi¢nosti olova ima malo podataka o neurotoksicnosti organskih spojeva olova.
Otrovom izazvane promjene u koncentradiji gljalnog fibrilamog kiselog proteina (GFKP) u mozgu mogu pokazati u
kojoj fazi neurotoksicnosti dolazi do ostecivanja astrocita te da i GFKP moze sluiti kao praktiéni pokazatelj otrovnog
djelovanja. U ovom radu procjenjivano je izaziva |i izlozenost takora organskom olovu promjene u koncentraciji
GFKP te kako promjene ovise o dozi i o trajanju izlo¥enosti. MuZjaci F344 $takora u dobi iznad 42 dana izlagani su
dozi od 0 (kontrola), 8 ili 16 ppm olova u obliku trimetilnog olova (TMPb) u pitkoj vodi do ukupno 14 dana. U svakoj
skupini bilo je osam Zivotinja. Prirast tielesne teZine bio je znagajno smanjen u obje izlozene skupine. U kontrolnih
Stakora izmjerene su ogekivane koncentracije GFKP u ispitivanim podru¢jima mozga, s najvi$im vrijednostima u
hipokampusu i u malom mozgu i s najnizim vrijednostima u mozdanoj kori. Podrucje hipokampusa bilo je veoma
osjetliivo na TMPb, s porastom GFKP u $takora izloZenih 8 i 16 ppm TMPb tijekom 14 dana. U $takora izloZenih 8
ppm TMPb opaZena je znaajna ovisnost uginka o vremenu, tako da su koncentracije TMPb nakon sedam dana bile
sniZene, a nakon 14 dana povisene. U radu se raspravija o hipotezi o ovim bifazi¢nim promjenama u
koncentracijama GFKP. Rezultati pokazuju da GFKP moze posluZiti kao pokazatelj moguéih staniénih mehanizama i
uloge astrocita u neurotoksi¢nom djelovanju TMPb. Pokazano je takoder da je GFKP, kao bioloski pokazatelj uginaka
TMPb, jednako osjetliiv kao i tjelesna teZina, pa stoga moze poslufiti kao praktiéni pokazatelj neurotoksignosti.
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