« 316 - BIBLHY: ISsSN D203-0756

Acta Pharmacnlogica Sirica

E AR 1964 Juls 15 741

TEMMEHE AT R MU R FIAER X
ZRITH T 454 ZNCCHPR 2 a9 B+
RERTEE T AaE . IRIE FIRI T SR E
EEEMBI T, FEIETMERT S M H®

BIBLITS: TSSN u255-9736 Acta Pharmacolngica Smirca

TEAERF R

K mpiseiE. SR STMMEF. H—E
BEEA S FEHERIUEER-LHF.

U D RIZs WK HEE R

Tuid Jul; J§ 3 3la—ulv

Effects of low level lead exposure on behavior of young rats'
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ABSTRACT Dam rats were given Pb (0. 58,
1.76. and 5. 27 mmol+L.7'), containing water
ad 4if from d 16 of gestation to weaning of the
offspring on d 21 postpartum. The pups con-
tinued drinking the same water till the post-
natal d 30.

pups was tested.

The neurobehavicral function of
The second -step-down
latencies ( SDDI., ) were shortened and the
number of step-downs in 5 min {NSI)) were
increased in step-down test.  The prolonga-
tion of the lapse of time in passing through the
whole course (LTPWC) and the increase in
number of entries into the blind alley (NEBA)
were measured in water maze test. The num-
ber of ambulations and rearings were increased
in locomotor activity. The results indicated
that Pb exerts adverse effects on the learning
ability and memory {unction, and induces

hyperactivity in young rats.
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Pb-indured neurchehaviaral effecrs were
How-

ever. ralatively few studiex on behavioral stu-

reported both in children and ratrs !

tux of young rate exposed tn low level Ph bad
been reparted. The present study descerilied

the [indings of neurobehavioral elfects
terms of cognition. spontaneous activity. nond
muscle - conrdination due 1o low  level I’

eXposure.
MATERIALS AND METHODS

Rats  Sprogue-Diowley rats { £ . n=21) on d t0
of pregnancy (weighing 352 - » 25.-;.{? were rirndomly
divided intu 3 Pb-poisoned grouypes and a ennerol grimps,
The posoned groups were dosed wih o solunpn con-
taining lead acerare {from Shanghai Fourth {"henuenl
Reagent Factory) 527, b 76. and 0. 58 mmol <E7 '
respectively. in deinking water and the vonrrol wroup
waz given distilled warer from d 16 of gestanon 1o
weaning of the offspring on d 21 posypartum. The
pups continued drinking the same water till poscnatal d
30. On postnatal d 30, 6 & and & § pups per grou):
were used for neurobehavioral tests.

Pb con-
tenrs in bluod and cortices were derermined using o Hi-
tachi-30
wmeter.

. Lead assay The rats were decapitated.

flameless aromic absorption  spectrepho-
Neurohebavioral tests
1 Water maze

cm > 35 ¢m was used.

A warer maze ol 19O em = O0

L.TPWC 1k NEPA were
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recarded.
2 Step-down
wooden plarform 4 em > 4 cm in sizes and 5 cm high.

Each rat was placed gently on a

The first step-down latency (SDI., )} was measured.
when the rat stepped down from the platform and
placed all its 4 paws on the grid floor. A sustained
electric stimulation (ES, 0-4-—0.5 mA) from an elec-
tric sumulator (provided by Shanghai Institucte of
Physiology . Chinese Academy of Sciences ) was deliv-
ered till the rat returned to the platform for escaping
from the ES. The escape latency (EL>. SDL,, and
NSD were also measured-*'.

3 Locomotor activity Ambulation was mea-
sured by counting the times of crossing aver the middle
of the floor and rearing was recaorded by counting the
times the rat stood on its hindlegs with its forelegs
against the cage wall. The preening behavior and the
number of blouses deposited were recorded™,

4 Rotarod Each rat was placed on & cylinder of
a rotarod treadmill rotating at a speed of 9 or 18 rota-
tions *min ! (RPM). When the rat fell off from the
cylinder onto the plare below, the endurance time of
the rat was recorded-®. )

Statistical analyses dBASE II1 was served as
database , and ANOVA were conducted with SPSS/PC

+ sofrware on IBM personal computer

RESULTS

Maternal and preweaning toxicity Expo-
sure to lead acetate had no significant effect on
weight gain of the dams during gestation and
lactation. However, the average number of
pups per litter in 0.58, 1. 76, 5. 27 mmol -L™!
Pb-poisoned groups and the control group
were 9.84+1.9. 11.2+1.3, 9.0+ 2.0, and
12.042. 7, respectively, indicating a decrease
in 5. 27 mmol +L.~"' Pb-poisoned group s con-
trol (P<Z0.05). Body weight of the pups on
postnatal d 21 and d 30 did not show signifi-
cant differences between Ph-poisoned and the
control groups.

Pb concentrations in blood and brain
Administration of Pb produced increases in
blood and cortical Pb level {Tab 1).

Water maze L TPWC was prolonged in

1.76 and 5. 27 mmol-1.7'4 and £ groups and
NEBA was also increased in 3 % groups and
in 1.76. and 5.27 mmol-L.7' % groups {(Tab
1).

Step-down SDL; were shortened and
NSD were increased in all the 3 Pb-poisoned
groups (Tab 1).

Locomotor activity The Pb-poisoned
rats showed increased ambulatory and rearing
behavior vs controls. The times of preening
were decreased in all Pb-poisoned groups
{Tab 1}. .

Effects on rotarod performance At
treadmill speeds of 9 and 18 RPM, the rotarod
performance revealed no deficit in the motor

coordination of the Pb-poisoned rats.
DISCUSSION

Since the influence of Pb to the nervous
system was most obvious in developing period
in human and rat'”., Pb was administered
from gestation d 16 to postnatal d 30. Brain
cortex had higher Pb concentrations than
other brain areas in Pb-exposed rats“®~ %,
therefore, Pb contents in brain cortex was
used as the representation of brain Pb. The
Pb concentrations in blood and brain cortex of
%4 and % rat increased correspondingly as the
amount of Pb administered to rats increased.
Thus indicated that Pb was successfully as-
similated by rats.

The present study showed that there
were no effects of Pb on the body weight of
dams and pups and thus excluded the possible
influence on behavior of pups induced by mal-
nutrition. But a decrease in number of pups
per litter in 5.27 mmol » L™! Pb-poisoned
group indicated genital toxicity induced by
Pb.

Performance of rats in water maze, step-
down, locomotor activity and rotarod could
show their learning ability, memory function,
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Tab 1.

Pb concentrations in blood (umol+L™'} and brain cortex {mg/g dry tissue) of dam and pup rats and dif-

ferences in lapse of time in passing through the whole course (LTPWC ). number of entries inin blind alley
{NEBA) . firsi siep-down latency (SDL, !, escape latency (EL’, second step-down latency (SDL.), number of
siep-down in 5 min (NSD). ambulation . rearing. preening. and defecation in pup rats exposed to Pb by drinking

waler ad lib from d 16 of gestation o postoatal d 30.

n=6. +s5. "P>0.05, "P<<0.05. ‘P<<{.H vz control.

mmol Pbh/liter of drinking water

Rats Parameter a 0.58 1. 76 5. a7
T pups Blood Pb 0. 09+0. 07 0. 83£0.15 1. 33+0. 16° 3-08=w [
Cortex Pb 0.4+0.2 0. 703" 1.240. 2 2.0+ 5
% pups Blocd Pb ¢. 0740.05 Q. 704 0. 10 1. 2840, 27° 2. 75+ RY
Cortex Pb 0.3%+0.2 0.6+0.1" Q. 84+0. 17 2.0%0. 6
Dams Blood Pb 0.45+0.15 1. 934 0. 35° 2.8040.57° 3.26+1.11
% pups LTPWC 19.0+5.2 59. 7424, 2° 95.3459.0° 117.04+29.6
NEBA 1-340.8 5.5%2.3" 8. 244.0F T 542 %
£ pups LTPWC 29.24+16.9 33.3+18. 7 §4. 24142, 0" 115. 5+ 14.n"
NEBA 2.8+2.5 3.2x2.6" 8. 24+4.00 n.3+1.2
L pups SDL, 2.3+1.0 2.0+8. 4 3.54+3. 0 2.5+43.6
EL 57.3+31. 4 72.0443. 3 71. 8+ 42. 6° 8n. 24 13.2
SDL, 215.0+133.5 40. 3441, 9° 35. 24+ 44. 5 24.5+1%. 7
NSD 13405 3.3+1.4° 14.241.5 RoO0+1.3
¥ pups SDL, 9,1%16.9 B.8411.1" Z. 7436 11.5+13. 8
EL 58 6+39.7 63.24+47.9" 89. 0440, 2 o0, 34+ 48. 5
SDL, 142.34+135.4 24. 0+ 26. 8 33.7+38. & 8.0%+8 ¢
NSD 1.9%1.0 32408 3.3+1.7 38415
t pups Ambulation 16.5%4.5 17.345.1° 18. 5 =3. & 240425
Rearing 11.8+2.9 14. 5+ 4. 4" 18.0=2. 2% 20.04 5. 2°
Preening 2.2+1.3 2. 34100 1.§+1.2¢ 1. 7=1. 4
Defecation 0.7%1.6 L.o4+1.5" ngta o n§+1.
% pups Ambulation 16. 0% 5.1 18- 844. 2 17. 845 6° 24.2-3. 3"
Rearing 13.2+6.6 14.84£5. 3" 17. 8+4. 4° A Pl e 3
Preening 3.2+1.6 2.7+1-5 2.241. 00 1.2+ 8t
Defecation 0.240.4 0. 00 G Q.040. 0" 0. 84200

exploratory activity . adaptability to novel situ-
e The be-
havioral impairment in the present study was
It
demonstrated that low level Pb exposure to
young rats can apparently decrease the learn-
ing ability and memory function’ increase the
exploratory activity, and decrease the adapt-
ability to novel situtation. Disturbed rotarod
performance reported by Kishi and Uchino ¥
The dis-
crepancy of the results may be attributed to
the higher blood Pb concentrations (1.86 +5
1. 08 mg+L7") in their study.

ation and muscle coordination.

similar to those previously reported®®.

was not observed in present study.

It should be emphasized that behavioral
abnormality was found in 0.58 mmol « L7}
group even though Pb content in brain cortex
The

reason for this lies in that Pb-induced neuro-

of this group did not increase s control.

toxicity includes a series of toxicological events
and the damage to only a small number of
localized nenrons can lead to a profound
consequences for the overall performance of
the organism.

In summary, low level Pb exposure can
exerts adverse effects on learning ability,and

memory function, and induces hyperactrvity.
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