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Hypoactivity in Silver Exposed Mice
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Abstract: The functional implications of the presence of silver in the central nervous system are unkn
Since silver is present in the environment and since systemic silver poisoning leads to'intranetironal ‘am
lations of the metal we have evaluated the possible effects of silver on the open field behaviour of mkg:
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Asgyric mice have been compared with controls in three expetiments, one including long term administratios -
of 0.015% slver nitrate in the drinking water and two in which the reactions of male and female mice vy~
shock doses of silver Jactate have been studied. In all experiracnts the silver treated mice were hypoactive.
We suggest that this hypoactivity is due to an influence of silver upon the functional status of the CNS,. .

Key-words: Silver exposure — mice ~ open field behaviour ~ hypoactivity.
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Silver is widely used.in ‘industry, medicine and
dentistry. Absorption ocours by inhalation, inges-
tion or through broken skin (Fowler et al. 1979).
Few reports have dealt with the effects of silver on
the central nervous system. Cases have, however,
been presented in which argyric patients have ex-
hubited a diversity of symptoms: paralysis, con-
vulsions, ataxia, disturbances of coordination and
frontally located EEG changes (Dreisbach 1974;
Franken & Langhof 1964; Reinhardt er al. 1971,
Rosenmann et al. 1979; Aaseth et al. 1981). Silver
penetrates the blood-brain barrier resulting in the
deposition of the meta] in vessel walls, neurones
and glia throughout the brain. The maximum in-
traneuronal load is found in lysosomes of motor
nuclei of the spinal cord and brain stem, in the
-deep cerebellar nuclei and in the nucleus ruber

(fig. 1) (Rungby & Danscher 1983a & b). These

findings suggest that a closet evaluation of pbs—
3 . .
sible harmful effects of silver on the CNS js
neede

Behavioural screening tests are sensitive tools

in the assessment of possible pathological efieem
of environmental agents to the mervous sysiem’
because of their ability to detect functional abpoe«
malities before morphological or other distis*
neuropathological changes can be observed (T#
son et al. 1980). Examination of spontaneous e
tor activities of intoxicated animals in open fické
cages is a test frequently used to evaluate cffas:
of agents on the motor system (Mitchell ¢t &
1982; Tilson er al. 1980). Certain heavy mectss
especially lead and mercury, can influence
open field hehaviour of animals exposed cithef #
utero or in adulthood (Alfano & Petit 1981; Booss
et al. 1983; Driscoll & Stegner 1976; Driscol &
Stegner 1978; Evans er al. 1975; Silbergcid &
Goldberg 1973; Sobotka & Cook 1974; Spyke?#
al. 1982; Tilson ef al. 1980). Hypersctivity J¢
been the most frequent finding althiough hypas#
vity has been found after exposure of rats f0 "‘
pre- and postnatally (Booze ez al. 1983; Drisc®? (2
Stegner 1976) and after exposure of ,_moost.!.’“'
to triethyl tin (Harry & Tilson 1981).. -~ .74
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Fig. 1. Parasaggital section of a mouse brain showing areas containing large amounts of silver (dotted), motor
puclei, cerebellax puclei and the aucicus ruber. Hatched areas, the cortex, basa) ganglia apd the anterior ofactory
aucleus hold smaller amounts. Light areas e.g. sensory puclel, pontine auclei and diencephalic structures. 8xc
. practically void of silver. The choroid plexus and the pineal gland (black) which are both structures outside the

blood-brain barder contain very large amounts of silver. Inset: Cerebellar relay nenrope with cytoplasmic silver

deposits amplified by physical development (23), mouse

Materials and Methods '

fa the present study the open field behaviour of sitver
intoxicated mice has been examined in 3 experiments.
One hundred mice of the NMRI strain 'gsixtx days old
Wﬂhﬁ.ﬁ[ﬂﬁw were used for
the experiments. The animals were kept undeg normal

n 12 hour li % cycle, Control animals were
in all aspects - apart from siiver treatment — treated like
L = wo

itoneal injecti

(1 m, —filled water) on_Successive days. Jwenty
ale o mjections totall mi of

--e) . - . .
Ten days after the fast injection the animalg_Were

tested mdividually in an op¢t field cage. Th
i Jatc o the day ¢ cle

Tre cage was a White
. igh wall divided mio 25
4.2 constant Jight

square

. - ' !
wa g"Jh]jnle mensufed _;WL_& Telds entered
us the total nupabet ot Ines the apimal rearcd, Teaxed,

T

b
washed, detaeca Toio. Between te-

o

m .
. oifgs; e Cage was wiped with 2 diap $PODEE to TEmOVO

urine and faeces. Pror to the first testing, the animals

. were weighed.

oo In the second experiment 20 ‘fernale mice had thel
~ drinking water replac {5V sidver nitrate solu-

. tion to which they had free access for 125 aays (estimated
< averape Lo spen) afier which Luey wefe given
' porma) driking water again. “The Tiquid intake of the

. s)ver ireated group was decre

P N O

»Y.

on the ipitial 3 days
of exposurc whereafter it did not differ from that of the

-’

injectéd with'1 g of ‘silver lactate (magnification % 400). -

contral group. The average silver nitrate intake during
the 125 days was 0.09 mg per mouse. Twenty non-ex-
WM}EQEXMM@S
e st period. Te days after the feriination of 4%
~eXposure the mice were 4 d as described above. For

_rrsﬂi._ﬂ__._.,-——-
b trEreRperment 10 female mice recely traper-

the
ctate (0 x 0.5 ml, 1 mg/ml

1toneal inj
on succesmive days) and 10 female conrols £ ved two
injecti i saline.

ititraperitone
was mmg?gggl_gg,d' t mjection. One female

house i ith silver died prios 1ot YA
erences in activity Yevels and weights were eva-
ated by non-pa =

16

12

s

rF

Ag C Ag C
1 2 3

Fig. 2. Mean total acticity counts (magnification X 100)
of controls (c) and silver treated mice-(Ag). Thio lines
indicate highest and Jowest count'in the group. 1. Male
mice injected intraperitoneally; 2. Female mice exposed
through the drinking water; 3. Fernale mice injected
inu'aperitoneauy.
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could be due to a direct effect of silver on m *phaul 1982). 1

Results . systems but it might just as well arise from altegeg 3 ,gns of tllnes

Sitver treated animals were hypoactive (compared
to the controls) in all experiments. P values are
listed in table 1. The total activity levels are sche-

reactions to internal or external stmuli due. 1™
changed sensory or integrative functions. .-
Lower motor neurones of the brajnstem w

veragc weigh

e silver into

This suggests

matically shown in fig. 2. In the experiment in-  spinal cord are, along with cerebellar nuclei m - oot due to ar
volving long-term administration of silver nitrate  the nucleus ruber, primary sites of silver- depy ects arising
in the drinking water to females, activity was sig-  sition (fig. 1). However, smaller amounts ofim"'n. : ‘,ajts are expe
nificantly lowered throughout the test period cellular silver are present throughout the cxn - the results te
(days 1-4). This was true also for the experiment and the presence of silver in walls of cerebgglf; - their fast met
involving male mice (days 1-3). The intraperitone-  blood vessels should not be ignored as Lifgs - satural pathv
ally injected females (an experiment involving amounts of silver are stored in vascular basemiéag It has beer

fewer animals than the others) were only insig-

nificantly hypoactive on days 1~3, but the hypoac-

‘characteristics, along with an ultrastrucmﬁf

membranes (Rungby & Dauscher 1983a). Th

10 the functlc

.cmotmnal stz

tive was significant on day 4 and when the total calization in lysosomes, are shared by sﬂv&” . .. hypoactivity
activity levels (day 1-4) were compared. The the known neurotoxic agent mercury (Dansclml_ aeased respe
weight of the apimals did not differ significantly Mpgller-Madsen, unpublished results). Howcvq-,' field test en
in any of the experiments (P> 0.05) and the overt  at present the site of action of silver cannot be -1973), but eff
appearance of all animals seemed upaffected. determined from the anatomical distribution jo-  (Danscher )
the CNS. 1984) capnot

Discussion Hypoactivity due to a shock dose of silver was o the hypc

present in both male and female mice. For praci-  need further

The mechamsms underlying the lowcrcd activity  cal reasons the effects of long term administration.  volved ‘sincg
levels cannot be evaluated in these experiments  of low, subacute doses of silver were only tested achieved by

because the animals were tested noun-specifically
for borizontal and vertical motor activities as well
as for motor functions controlled by the anto-
pomic nervous system. The observed hypoactivity

in female animals. However, differences in activity
levels in female animals compared to males are of
minimal importance to the overall effects tested
here in a controlled experiment (Reiter & Mac

but they sug

" CNS might

malian brain

Table 1. Aa.?eth, L.. 1;\;
Values of P obtained by comparing the total acuvxty levels of silver treated mice and controls (Mann-Whirney r.'mk tzs:: cIn:e,iw.‘
sum test). In all experiments the silver treated mice ware hypoactive. Alfano, D. P. «
Test day tal lead exp
Mode . pal dysfune
of 5il- Booze, R- M.,
ver admin- . Neopantal
istration 1 2 3 4 Total =~ itial behaw
: - - " urobehav. T
. Intrapentoneal injec- ' Dan scher, G.
tion of 2x0.5 mg sil- - ation of si
ver lactate. Males N= : : 1-3 981, 71, 1
40. 0.025<P<0.05 - 0.01<P<0.05 0.01<P<0.025 — 0.001 <P<0.0! Dreisbach, R
Iastraperitopeal injec- Log Altos
.'tion of 2x0.5 mg sil- Driscoll, J. V
ver lactate, Females : T 14 ¥ chronic lea
Na19, P>0.05 P=0.05 00!<P<0 025 001<p<0025 Biochem. 5

P =0.05

0.015% silver nitratc
in the drinking water
for 125 days. Females
N=40.

0.01<P<0.025 .0.025<P<0.05 0.025<P<0,05 0.001<P<00!

14 01'
0.001 <P <0
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phail 1982). The silver tréated mice showed 0o
sgns of jliness at the time of testing and their
average weight had not decreased as a result of
the silver intoxication in any of the experiments.
This suggests that the observed hypoactivity was
got due to an actue state of disease. Additional
effects arising from the anions of the soluble silver

salts are expected to have no large influence on

the results ten days after the exposure due to
their fast metabolic degradation and excretion by
natural patbways. -

" It has been suggested that & common feature
t the functions tested in these experiments is the
emotional stability of the animals (Royce.1977),
hypoactivity might accordingly result from an in-
creased responsiveness to the novelty of the open
field -test environment (Silbergeld & Goldberg
1973), but effécts of silver on c.g. endocrine organs
(Danscher 1981; Thorlacius-Ussing & Rungby
1984) cannot be excluded as factors contributing
w0 the hypoactivity. These crude observations
need further investigations of the parameters in-
volved since the significance in the results was
achieved by examining. overall motor activities,
but they suggest that accumulations of silver in
CNS might influence the function of the mam-
maliag braim.
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