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Antidepressant-like effect of lead
In adult mice
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Abstract

It has been reported that lead can cause behavioral impairmentéywords
inhibiting the N-methyl-D-aspartate (NMDA) receptor complex. MK- Lead acetate
801, a noncompetitive NMDA receptor antagonist, exhibits an anticeRorced swimming test
pressant-like action in the forced swimming test. The purpose of thigepression
present study was to determine whether subacute lead exposureGRen-field
adult male Swiss mice weighing 30-35 g causes an antidepressant-like """ """ """
action in a forced swimming test. Mice were injected intraperitoneally

(ip) with 10 mg/kg lead acetate or saline daily for 7 consecutive days.
Twenty-four hours after the last treatment, the saline and lead-treated

mice received an injection of MK-801 (0.01 mg/kg, or saline and

were tested in forced swimming and in open-field tests. Immobility

time was similarly reduced in the saline-MK-801, Pb-saline and Pb-

MK-801 groups compared to the saline-saline group (mean + SEM,;

197.3 +18.5193.5 + 15.8, 191.3 + 12.3 and 264.0 + 14.4 s, respec-

tively; N = 9). These data indicate that lead may exert its effect on the

forced swimming test by directly or indirectly inhibiting the NMDA

receptor complex. Lead treatment caused no deficit in memory of
habituation and did not affect locomotor activity in an open-field

(N = 14). However, mice that received MK-801 after lead exhibited a

deficit in habituation (22% reduction in rearing responses between

session 3 and 1; N = 14) as compared to control (41% reduction in

rearing responses; N = 15), further suggesting that lead may have
affected the NMDA receptor activity. Forced-swim immobility in a

basin in two daily consecutive sessions was also significantly de-

creased by lead exposure (mean + SEM; day 1 =10.6 £ 3.2, day 2 =

19.6 £ 3.6; N = 16) as compared to control (day 1 = 18.4 + 3.8, day 2

= 34.0 £ 3.7; N = 17), whereas the number of crossings was not

affected by lead treatment, further indicating a specific antidepres-

sant-like action of lead.

Lead (Pb) is an environmental pollutantCNS, but some studies have reported cogni-
ubiquitous in nature, that has long been knowtive impairment and changes in mood and
to affect the central nervous system (CNSkffect following lead exposure in adult ani-
exerting neurotoxic effects, especially promals (2,3).
ducing cognitive deficits in children and The mechanisms underlying the behav-
young experimental animals (1). Adults argoral alterations caused by lead seem to be
more resistant to the effects of lead on thdependent, at least in part, on inhibition of
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the N-methyl-D-aspartate (NMDA) receptor Thirty minutes after the injection of MK-801
complex (1,4,5). Lead exposure has beeor saline, forced swimming and open-field
reported to inhibit the binding of the non-tests were carried out by the methods of
competitive NMDA receptor complex an- Porsolt et al. (8) and Rodrigues et al. (9),
tagonist MK-801 to its site within the ion respectively. For the FST, the mice were
channel, which suggests that lead inhibitforced to swim individually in an open cylin-
the NMDA receptor-ion channel activationdrical container (10 cm in diameter, and 25
(4-6). Since it has recently been reported thaim high), containing 19 cm of water at 25 +
some NMDA receptor antagonists have anti1°C and the duration of immobility during a
depressant-like effects (7), the present study-min test was scored. For the open-field
was conducted to investigate whether suliest, mouse behavior was assessed in three
acute lead acetate exposure (10 mgifgg, identical sessions (6 min of duration) on
for 7 days) has an antidepressant action aonsecutive days. The numbers of squares
adult mice in the forced swimming test (FST)crossed with all paws (crossings) and of
This test is one of the most frequent behawstanding on the hind legs (rearings) were
ioral tests used to measure potential antidecored in the sessions. The number of cross-
pressant activity (8). The development ofngs indicated locomotor activity and the
immobility when mice or rats are placed indecrease in the number of rearings between
an inescapable cylinder of water is thoughsessions was taken to be a measure of habitu-
to represent a failure of persistance in estion (9,10).
cape-directed behavior or the development One-way ANOVA revealed that there
of passivity in response to stress. The FSWas a significant effect of treatment on the
measures the ability of antidepressants tforced-swim immobility (characterized by
reduce the occurrence of immobility afterincreasingly frequent bouts of complete mo-
exposure to swimming stress. The effect dionlessness in an FST, i.e., behavioral de-
the lead-exposure regimen under study ospair) (F(3,32) = 4.47, P<0.01post-hoc
the locomotor activity and on memory ofDuncan comparisons showed that immobil-
habituation in an open-field was also asity was reduced by subacute exposure to lead
sessed in the present study. in a way similar to the result produced by the
Male Swiss mice weighing 30-35 g (70-acute injection of the NMDA receptor an-
90 days of age) were used. Animals werégonist MK-801 (0.01 mg/kdp). No syner-
maintained at 22-27°C with free access tgistic or additive effect on immobility was
water and food. All observations were mad®bserved in mice exposed to lead acetate for
between 10:00 and 17:00 h, with each ani# days and subsequently (8th day) injected
mal used only once. Lead acetate was disvith MK-801, since the Pb-MK-801 group
solved in saline (1 mg/ml) and administeredlid not differ from the Pb-group or from the
once a day for 7 consecutive days by th&K-801 group (Figure 1). Hence, the Pb-sal,
intraperitoneal route to mice (10 mg/kg) in asal-MK-801 and Pb-MK-801 groups showed
volume of 10 ml/kg body weight. Control reduced immobility upon exposure to swim-
animals received saline. Each group of animing stress similar to that obtained with
mals received an injection of saline or MK-antidepressant drugs (8). Since MK-801 pref-
801, 0.01 mg/kgip, 24 h after the end of erentially binds to the activated NMDA re-
treatment. The challenge with MK-801 afterceptor complex (11), the absence of a syner-
Pb treatment was based on reports that expgistic or additive effect in mice receiving Pb
sure to lead inhibits the binding of MK-801and MK-801 was probably due to the fact
(5,6) and thus might affect the sensitivity tathat lead exposure decreased the NMDA
the behavioral effects of MK-801 in the FSTreceptor activation. MK-801 subsensitivity
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following lead exposure has been demon- Two-way ANOVA for repeated meas-
strated previously (12). ures of rearing responses in the open-field
In order to exclude the possibility that(Table 1) showed a significant main effect of
lead and/or MK-801 reduced immobility by session (F(2,110) = 41.7, P<0.01) and of
a stimulant action, such as obtained withead treatment X sessions interaction
amphetamine (8), mice exposed to lead (1(0F(6,110) = 2.40, P<0.05). No significant
mg/kg,ip, for 7 days) and/or MK-801 (0.01 effect of treatment was observed (F(3,55) =
mg/kg, ip) were assessed for ability to in-1.27, P>0.05Post-ho@nalysis by Duncan’s
crease motor activity in an open-field. Two-test showed that all groups except Pb-MK-
way ANOVA for repeated measures applie01 showed a significant reduction in num-
to crossing responses in the open-field (Tableer of rearing responses during the third
1) revealed a significant effect of sessionsession as compared to the first session. This
(F(2,110) = 55.5, P<0.01). No significantindicates that all except Pb-MK-801 had
effects of treatment (F(3,55) = 0.41, P>0.05emory of habituation. These results show
or of treatment x session interaction werghat the lead-exposure regimen used in the
observed (F(6,110) = 1.66, P>0.0Ppst- present study did not cause impairment of
hoc analysis showed that all groups of micenemory of habituatioper se in contrast to
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presented a significant decrease in crossirthe result obtained by us with young rats
scores along sessions, although the differ-

ence in the crossing scores between sessi

3 and session 1 was lower in the Pb-MK-80:
group as compared to the other groups. Mor

over, no differences between groups wer
demonstrated in the first session. This resu
indicates that the lead- and MK-801-induce
decrease in immobility in the FST (Figure 1)
was not due to an increase in ambulatio

Immobility time (s)

elicited by the metal and/or by MK-801. The
absence of an effect of the MK-801 dost
used in the present study on locomotor activ
ity in mice had been previously demonstrate

(13).
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Table 1 - Effect of lead and/or MK-801 treatment on crossing and rearing responses in an open-field.

Data are reported as mean + SEM. Mice were treated with saline or lead acetate (Pb) (10 mg/kg, ip) for 7
consecutive days. Twenty-four hours after the end of treatment mice received an ip injection of saline or MK-
801 (0.01 mg/kg). The first session in the open-field was carried out 30 min after this injection. Mice were
subjected to three identical sessions on consecutive days. Each session lasted 6 min. *P<0.05 when the third
session is compared with the first session for the same group (Duncan test).

Treatment Number of rearings Number of crossings

N  Session 1 Session 2 Session 3 Session 1 Session 2 Session 3
Saline/saline 15 55.3 + 4.0 426 £5.9 327 £6.2* 98.1+56 825*84 516 +85*
Saline/MK-801 15 53.8 + 4.1 48.0 + 3.8 248 +33* 894+51 809 *81 524+50*
Pb/saline 14 503 +£4.1 344+32 222 +29* 935+%6.7 67.1*45 481 +4.0*
Pb/MK-801 14 414 +£25 413+46 32245 839 +51 751+65 618*75*

Figure 1 - Effect of lead and/or
MK-801 treatment on immobil-
ity in FST. Data are reported as
mean = SEM. Mice were treated
with saline (sal) or lead acetate
(Pb, 10 mg/kg, ip) for 7 consecu-
tive days. Twenty-four hours af-
ter the treatment mice received
an ip injection of saline or MK-
801 (0.01 mg/kg). FST was car-
ried out 30 min after this injec-
tion. The session lasted 6 min.
*P<0.01 compared to sal/sal
group (Duncan test).
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exposed to lead (9). This was probably duthe main rationale for the choice of the FST
to the fact that adult rodents are more resistn a basin, in addition to the more frequently
ant to the effects of lead on memory thamsed FST in a cylinder, was to preclude the
young rodents (1,2). Memory of habituationpossibility that lead caused a reduction in
in an open-field is dependent on the hippoimmobility in the FST by causing an increase
campus and on the activation of the NMDAIn motor activity in a swimming stress condi-
receptor (14). Inhibition of the NMDA re- tion.
ceptor by lead is more prominent in young The crossing responses of mice treated
than in mature cultured hippocampal neuwith saline or lead acetate (10 mg/km,for
rons (15), possibly explaining why cognitiveseven consecutive days) and tested in an
deficits caused by lead are more prevalent iRST in a basin for two consecutive days were
young animals. The age dependence of thes follows: day 1 =157.0+8.1,day 2 =140.4
inhibitory effect of lead may represent dif-+ 8.9vsday 1 =164.5+8.1,day2=141.1+
ferent sensitivities to lead of different sub-9.4 (mean + SEM; N = 17 and 16, respec-
types of NMDA receptors expressed at diftively). Two-way ANOVA for repeated meas-
ferent times of development (15). Howeverures of crossings showed no differences for
the result obtained with the Pb-MK-801 in-treatment (F(1,31) = 0.14, P>0.05) and no
teraction suggests that, under the conditioriateraction between session and treatment
used, lead may have somewhat affected th{€(1,31) = 0.40, P>0.05). Only a main sig-
NMDA receptor complex. The mechanismnificant effect of session was observed
responsible for this effect still remains to bgF(1,31) = 14.3, P<0.01), since in the second
clarified. session the number of crossings in both
An independent group of mice treatedgroups decreased as compared to the first
with Pb or saline for 7 consecutive days wasession.
tested in a swimming test as described by Immobility data in forced swimming in a
Stewart et al. (16). Briefly, the water basinbasin (two consecutive days) of mice treated
was a 54 x 54 x 31 cm white fiberglass boxvith saline or lead acetate (10 mg/ky,for
with a floor divided into a grid of 36.9 x 9 seven consecutive days) were as follows:
squares. The basin was filled with water atlay 1 = 18.4 + 3.8, day 2 = 34.0 + 35day
25 + 1°C to a depth of 25 cm. A mouse wad = 10.6 + 3.2, day 2 = 19.6 + 3.6 (mean (s)
placed in the center of the basin and botlt SEM; N = 17 and 16, respectively). Two-
immobility time and number of squaresway ANOVA for repeated measures of im-
crossed over a 2-min period were recordethobility showed a significant main effect of
daily for two days. The evaluation of theboth treatment (F(1,31) = 5.9, P<0.05) and
effects of lead on the FST in a basin confirmsession (F(1,31) = 28.9, P<0.01). No signifi-
the reduction of immobility caused by leadcant effect of treatment x session interaction
in the cylindrical container and permits us tavas observed (F(1,31) = 2.12, P>0.05).
verify the crossing scores in a situation of The present results showing a lead-in-
swimming stress similar to the one existingluced decrease in immobility time as well as
in forced swimming in the cylinder. Sincean absence of lead effect on locomotor activ-
lead might affect locomotion mainly underity in FST in a basin agree with the results
stress conditions (17), the antidepressantbtained by Stewart et al. (16,18) in lead-
like effect of lead observed in the forcedexposed mice. The absence of a lead-in-
swimming in the cylinder may have beenduced hyperactivity upon this condition does
due to hyperactivity caused by lead in aot support the notion that changes in loco-
swimming stress condition that could notmotor activity in lead-exposed rodents are
have been detected in the open-field. Hencenanifested most markedly in aversive or
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stressful provoking situations (17). The apfelatively high concentrations (4), especially
parently conflicting reports may be due tan mature neurons. However, a recent report
the dose and regimen of lead exposure, adgas shown that very low concentrations of
and the animal specimen employed. lead reduce glutamatergic transmission by
The absence of a lead effect on locomaodecreasing glutamate release (20). Thus,
tor activity in the open-field and in the FSTsome of the impairment may result either
in a basin confirms our previous conclusiorfrom a direct blockade of the NMDA recep-
that lead caused a specific antidepressartbrs or from the indirect decrease of the
like effect in the FST. Itis interesting to noteNMDA receptor activity via depression of
that immobility increased as a function ofglutamate release. However, such hypoth-
session both in the control group and in theses should be further investigated in the
lead-exposed group, in contrast to a previodsad exposure regimen used in the present
study (18). This behavior has been considstudy. Moreover, we cannot exclude the pos-
ered as behavioral depression and may sugpbility that lead may also exert its antide-
gest learned helplessness (18,19). Howeveatessant-like action by affecting other neu-
even in the second session the immobilityotransmitter systems. Thus, while any gen-
was significantly lower in the Pb group thanreralizations to human populations should be
in the control group. cautioned, these results suggest the need for
The precise mechanism underlying thdurther research.
antidepressant-like action of lead remains to
be clarified. Lead is known to have multipleAcknowledgments
effects, certainly due to its interaction with
different molecular targets, which are ex- The authors thank E. Grimm for correct-
pressed in different concentration range. Diing the English text.
rect blockade of NMDA receptors occurs at
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