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~.Jt1a~t: ~e func~i~al impli~tious ?f the p~esence of s_ilv~r in th~ ce~tral neJVo~ system are unkD~~: 
SJ~ce silver ts present 1n the envuonment'and &tnc:e systenu.c silv~ polsorung leads to'mttaneuromi.l ·a~:;{"· 
lations of the metal we have evaluated the poss1ble effects of sliver on the open field behaviour of··;;.' 
~gy,tic mic::e have been compued with controls in three e;x:periments, one including Jon& tenn administraticil.~\ 
of 0.015% silver nitl:'ate in the driukin11 water and two in which the reactions of male and femAle mice It · 
shock doses of silver lactate have been studied. In all experiments the .silver treated mice were hypoadiwe. · 
We suuest that this hypoactivity is due to an influence of silver upon the functional status of the CNS .. 

Key-wo1tb: Silver exposure - mice - open fielc1 ~haviour - hypoactivity. 

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
hibited a diversity of symptoms: paralysis, con­
vulsions, atu.ia, disturbances of coordination and 
frontally located EEG changes (Dreisbach 1~74; 
franken & Langhof 1964; Reinhardt et al. 1971; 
Rosenmann et al. 1979; Aaseth et al. 1981 ). Silver 
penetrates the blood-brain bat:rier resultillg in the 
deposition of the metal in vessel walls, neurones 
and glia throughout the brain. The maximum in­
traneuronalload 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 pos­
sible hannful effects (lf silve( on the CNS_js 
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Behavio\mll scr"ning tests are ~ensitive tools 
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in the assessment of possible pathological etfa:la 
of environmental agents to the nervous S)._ · 
because of their ability to detect functional abed• 
malities before morphological or other dist&1 
neuropathological changes can be observed t1l 
son el al. 1980). Examination of spontaneow ~ 
tor activities of jntoxicated animals in open .., 
cages is a test frequently used to evaluate ~ 
of agents on the motor system (Mitchell ~~ t1 

1982; Tilson et a/. 1980). Certain heavy mcu.S. 
especially lead and mercury, can influen.Cr *' 
open field behaviour of animals exposed citb«. 
utero or in adulthood (Alfano & Petit 1981: a-· 
et al. 1983; Driscoll & Stegner 1976; Driscol. 
Stegner 1978; Evans et a!. 1975;.-silberJdll ~. 
Goldberg 1973; Sobotka & Cook 1974; Sp)'k«!W 
al. 1982; Tilson et al. l980). H~ctivitJ .. 
been the niosHrequeni finding altbollgb h~. 
vity has been found after exposure or'ra.S ,~ .. : 
pre- and postnatally (Booze eta!. 1983;.0~·. 
Stegner 1976) and after exposure 'ofJnoust_,.,. 
to triethyl tin (Harry & Tilson 1981)~ · ·' · 
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~: Fig. 1. Parasaggital. section of a mouse brain showing areas containin& J.arae amounts of silver (dotted), motor 

;: dllclei, cerebellar D'Wlloi and the nucleus mber. Hatched; areas, the cortex, basal pnglia aod the anterior olfactory 

o.ucleu.J hold smaller amollllta. Light areas e.g. sensory nuclei, pontine nuclei and diencephalic structures. !lrc 

pr"ticaUy void of silver. lhe choroid pinus and the pineal gland (black) which are both structures outside the 

blood-brain barrier· contain very large an:lOU~U of eilver. In.set: Cerebellar relay neurone with cytoplasmic silver 

deposits ampliW by physical development (23), mouse injected With 1 mg of silver lactate (mll.82illication x 400) .... 

Materials and Methods · 
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Fig. 2. Mean total acticity counts (magnifu:ation x 100) 

of controls (c) a:o,d silver t{ea.ted mice·(Ag). Thin lines 

indic)te highest ~nd lowost CO\Ult'i:n the group. 1. Mate 

mice injected iiltraperitoneally; 2. Female mice exposed 

through the drinking water; ). female mice iojecled 

in tl'aperitoneally. 
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could b~ due to a direct effect of silver on~ ~pbail 19~2). l 
systems but it mi&ht just as well arise from ahOilii· . ~signs of illnes 

Silver treated animals were hypoactive (compared reactions to internal or external stimuli due to .:·,verage weigh 

to the controls) in all e11:periments. P values are changed sensory or integrative functiona. . . ... ..: :be silver into 
listed in ~ble 1. Thfl total activity levels are sche- Lower motor neurones of the brainstem IllS fb.is suggests 

matically shown in fig. 2. In the experiment in· spinal cord are, along With e:erebellar nuclei 181t· · 110t due to ar 

volving lone-term aclmixrl:str.ltion of silver nitrate the nucle~s ruber, primary sites of silver·~· . ·,. dfects arising 
in the drinking water to females. activity was sig· sition (fig. 1): However, smaller amounts of.·· . .salts are expe 
nifi.cantly lowered tb.ro:ugbout the test period cellular silver are present throughout the .Qf,s. ,. tbe results te 
(days 1-4). This was true also for the experiment and the presence of silver in walls of ~, ·.; Jheir fast met 
involving male mice (days 1-3). The intraperitone· blood vessels should Dot be ignored as· ·~·:·· . ·~~atural pathv 
ally il:\jccted females (an experiment involving amounts of silvex- are stoJ;cd in vascular ~- · It has beet 

fewer animals than the others) wex:e only insig- membranes (Rung by & Danscber l9.83a) .• Tiilii~-. ·: w the fupctic 

~cantly· ~~oactive Oii days 1_;3, "but the hypoac- .... c~rac~eris.tics;· along. mth an Ultrastru~~i ·7· ;_-; CIIlOti~n~. si< 
tive was sl.enificant on day 4 and when the tota.l cabzanon 1n lysosomes, are shared by silver~ :. . .: hypoactlVltY 
activity levels (day 14) were compared. The the known neurotoxic agent mercury (Danso~:· cxeased respc 
weight of the animals did not differ sjgnificantly Melter-Madsen, unpublished tesults). How~,.· field test en 
in any of the experiments (P > 0.05) and the overt at pn~sent the site of action of silver cannot lit . 1973), but etf 

appearance of all animals seemed unaffected. determined from the anatomical distribution ·ill (Danscher 1 

Discussion 

The m~han.isms underlying the_lc;~wercd. activity 
levels cannot be evaluated in these experiments 
because the animals w.ere tested non-specifically 
for horizontal and vertical motor activities a5 well 
as for motor functions controlled by the auto­
nomic nervous system. The observed hypoactivity 

the CNS. 1984) c8Jlnot 
Hypoactivity due to a shock dose of silver WJ-1 to the hype 

present in both male and female mice. For pntai· need further 
cal reasons th~ Clffects oflong t!:lrm.administration. volved ·sin~ 
of lo~, ·subacute doses of silver we~e only tested achieved by 
in female animals. However, differences in acthity but they sug 
levels in female animals compared to males are 01 . CNS might 
minimal importance to the overall effects tested malian b~:ain 
here in a controlled experiment (Reiter & Mao-

A.a.seth, J ., A 
tissu~ dcpo: 

Table 1. 
Vabes of P obtaine1 by comparing the total activity levels of silver treated mice and controls (Mann-Whitney r.lnk 
$UlJl test). In all experiment!! the silver treated mice were hypoactive. 

Test day 

· Lab. Invest. 
Alfano, D. P. • 

tal lead exp 
ModE'! pal dysfUJJ~ 
of ~:..1- Booze, R. M .• 
ver admin- Neonantal 
istration 2 3 4 Total : itial behavi 

urobehav. I 
Intraperitoneal mjec- . . : . Danscher, G. 
ti011 Of 2 X 0.$ m& &i!· . . ;:: :~-. ation of si 

verl..a.ctate. Ma.lei N.= 
0 

OOl'L lp-!oor~~;:·: 0_·Y.l?Bl, 7l, 1" 
_40_._.,...-. _____ o._o2_5_<_P_<_o_.o_s_·_o_.O_l <_P_~_o._o:; __ o_.o_l_<_P_<_o_.o_2_5 -------· _< __ ·~:· ..... , ~ce~bach. R . 

. . ~~~~t~~~~~ m~j~: .. ;,~j~~.>~~~~~~~sv 
ver lactate, Females :E 1-4 : .. : :_; : :!~): chronic lea• 

N-19. P>0.05 P=0.05 P::::0.05 o.Ol<P<0.025 O.Ol<P<O.OU~·:;, }!:F: Bioc;h.em. E 
~----------------------------------~,::--:. ~ -~;;J,)riscoll, J \\ 
0.015% silver nitrate · ,; .(;:,~. . ' · ·"":,:/· ·.~.r.:-~ 1n the relat: 
in the cirinking waler ·· ,,. · -~~~· · 
~or 1-'5 day~. 'r'<emales ~ 1-4 · .· .. ,;~~d .... :h,.., rats. PluJ.rn 
11 ,;, r1 ~ _,(,,_,: .,:· l·~· · 

N..:40. O.Ol<P<0.02S .0.025<P<0.05 0.025<P<O,OS O.OOl<P<O.OI O.OOl<P<O.OI:~;::·.:.·•~>.~ 
,.•· .. ~ ' ~ ~:;t~~.~;-~~~i~: 

· · ::r:x~~:;t: · 
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Pball 1982). The silver treated mice showed :oo 
signs of :illness at the time of tcst:i'ng and their 
average weight had not decreased as a result of 
we S;ilver intoxication in any of the experiments. 
Tbis·suggests that the observed hypoactivity was 

not due to all actue state of disease. Additional 
effects arising from the anio~s of the soluble· silver 
.alts are expected to have no ·large inJluence on. 
the results ten days after the c~posure due to 
their faSt metaboli~ degradation and ~cretion by 

gatural pathways~ · 
It has been suggested that a common feature 

to the functions tested in these ex.periments is the 

eJnQtional ~tabili,ty of the animals (R,~yce.l977), 

hypoactivi1:Y might accordingly restilt from an ill.· 
crease.d responsiveness to the novelty of the open 
&tld .. test tllvironment (Silbergeld & Goldberg 
1973), but effects of&Uver on e.g. endocrine organs 
(Dansch.er 1981; Thorlacius-Ussing & Rungby 

1984) cannot be excluded as factors contributing 

to the hypoactivity. These cmde observations 
need further investigations of the parameters in­
volved since the significance in the results was 

achieved by examinin8,. overall motor activities, 
bur they suggest that accumulations of silver ·iii 
CNS might influence the function of the mam~ 
malian b..Un. 
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