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The Effect of Metal Ions on Viability of
L 929 Mouse Fibroblasts

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  In den tistry, se ve ral ba se me tal cas ting al loys are used for res to ra ti ve ma te ri als.
When se lec ting a den tal cas ting al loy for cli ni cal si tu a ti on, fac tors such as physi cal pro per ti es and bi o -
com pa ti bi lity of the al loy, are the most im por tant. Cli ni cal ob ser va ti on of lo cal tis su e re ac ti ons of the den-
tal cas ting al loys is tho ught to be re la ted to the ef fect of me tal ions re le a sed in to the sur ro un ding tis su es.
Bi o com pa ti bi lity of al loys or re le a sed ele ments from them is eva lu a ted in vit ro bet we en li ving tis su es and
al loys or me tal ions by con si de ring dif fe rent me ta bo lic cri te ri as of the cul tu re cell. In our study, the to xic
ef fect of di lu ted and con cen tra ted so lu ti ons of me tal ions (Ni, Cr, Co, Ag, Cu, Zn, Mo, Be) we re eva lu a -
ted by me a su ring the cell vi a bi lity using L 929 mo u se fib rob lasts. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  L 929 mo u se fi-
b rob last (80.000/mL) and DMEM so lu ti on we re pla ced in the cell cul tu re wells. The di lu ted and
con cen tra ted me tal ion so lu ti ons (100 µL) we re pla ced se pa ra tely in cell cul tu re wells and left for 72 ho -
urs. The cell cul tu re wells wit ho ut me ta lic ion un der the sa me con di ti ons are used as con trol gro ups. Af -
ter ex po su re ti me, the me di um was re mo ved from the cell cul tu re wells. The cells we re was hed, fi xed and
sta i ned by cryrstal vi o let. Op ti cal den sity (ab sor ban ce) is me a su red spec trop ho to met ri cally at 492 nm. To -
xi city of me tal ions was de ter mi ned di rectly by me a su ring the op tic den sity of sta i ned cells. Re sults we re
eva lu a ted by using non pa ra met ric sta tis ti cal analy sis. RRee  ssuullttss::  The di lu ted and con cen tra ted me tal ion
so lu ti ons which in con tact with L 929 mo u se fib rob lasts we re de mons tra ted a sig ni fi cant to xi city as they
we re com pa red to con trol gro ups. The dif fe ren ces we re sta tis ti cally sig ni fi cant ( p< 0.05 ). Low and high
con cen tra ted so lu ti ons of Be, Ag, Cu had the hig hest to xi city fol lo wed by Ni, Cr, Co, Zn. The lo west to -
xi city le vel was ob ser ved in Mo. CCoonncc  lluu  ssii  oonn:: It has an de le te ri o us to xic ef fect even at low con cen tra ti on
me tal ion is in con tact with cell. 

KKeeyy  WWoorrddss::  Cell sur vi val ; den tal ma te ri als 

ÖÖZZEETT  AAmmaaçç::  Diş  he kim li ğin de te mel me tal ala şım la rı res to ra tif ma ter yal ola rak kul la nıl mak ta dır. Kli nik -
te den tal dö küm ala şı mı se çi le ce ği za man, ala şı mın fi zik sel özel li ği ve bi yo lo jik uyum lu lu ğu gi bi fak tör -
ler çok önem li dir. Den tal dö küm ala şım la rı nın lo kal do ku re ak si yon la rı nın kli nik bul gu la rı nın, çev re
do ku lar da açı ğa çı kan me tal iyon la rı nın et ki si ile ol du ğu dü şü nü lür. Ala şım la rın bi yo lo jik uyum lu lu ğu
ve ya ele ment sa lı nım la rı can lı do ku ile ala şım lar ve ya me tal iyon la rı te ma sa ge ti ri le rek, kül tür hüc re le -
rin fark lı me ta bo lik kri ter le ri üze rin de in vit ro ola rak de ğer len di ril mek te dir. Ça lış ma mız da ala şım lar dan
sa lı nan sey rel tik ve de ri şik me tal iyon so lüs yon la rı nın (Ni, Cr, Co, Ag, Cu, Zn, Mo, Be) L 929 fa re fib rob -
last la rı nın can lı lı ğı üze rin de ki tok sik et ki le ri hüc re kül tü rünün can lı lı ğı üze rin de in ce len miş tir. GGeerreeçç  vvee
YYöönntteemmlleerr:: L929 fa re fib rob last la rı (80.000/mL) ve DMEM so lüs yo nu hüc re kül tü rü tab let le ri ne her bir
so lüs yon için ay rı ay rı yer leş ti ril di. Da ha son ra sey rel tik ve de ri şik me tal iyon so lüs yon la rı (100 µL) ila ve
edi le rek 72 sa at te mas ta bı ra kıl dı. Ay nı şart lar al tın da me tal iyon suz hüc re kül tür le ri kon trol gru bu ola -
rak kul la nıl dı. Bek le nen sü re so nun da sı vı or tam uzak laş tı rı la rak, ka lan hüc re ler yı kan mış, fikse edil miş
kris tal vi yo le ile bo yan dı. Op tik yo ğun luk (ab sorb si yon) 492 nm dal da bo yun da spek tro fo to met rik ola rak
öl çül dü. Me tal iyon la rı nın tok si si te si di rekt ola rak bo yan mış hüc re le rin op tik yo ğun lu ğu ola rak tes pit
edil di. BBuull  gguu  llaarr::  Sey rel tik ve de ri şik me tal iyon so lüs yon la rı  ile te mas ta olan fa re fib rob last la rı nın can lı -
lı ğı, kon trol gru bu ile kar şı laş tı rıl dı ğın da önem li ola rak azal mış tır (p< 0.05). Sey rel tik ve de ri şik Be, Ag,
Cu iyon so lüs yon la rı nın hüc re can lı lı ğı üze rin de ki et ki le ri Ni, Cr, Co, Zn ile göz le nen so nuç lar dan da ha
tok sik tir. En dü şük tok si si te Mo iyo nu ile göz len miş tir. SSoo  nnuuçç::  Me tal iyon la rı tek baş la rı na dü şük doz lar -
da ol sa lar bi le hüc re can lı lı ğı üze ri ne önem li et ki ya par lar. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Hüc re can lı lı ğı; den tal ma ter yal ler 
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a se me tal den tal al loys (nic kel-ba sed al loy)
ha ve be en used in den tistry sin ce 1930. The -
se al loys are usu ally mul tip ha se and con ta in

se ve ral me tal ions that are known to be bi o lo gi cally
ac ti ve.1,2

The use of ba se me tal al loys in li ving tis su es
nec ces si ta tes to eva lu a te them bi o lo gi cally. The
re le a se of me ta lic ele ments from den tal al loys is
po ten ti al he alth prob lem to the den tal pa ti ent.
The most im por tant fac tor in de ter mi na ti on of
the bi o lo gic sa fety is cor ro si on. In tra o ral cor ro si -
on is a very comp lex pro cess and de pen dent on
com po si ti ons and me tal lur gi cal sta te, com bi na ti -
ons wit hin a cons truc ti on, sur fa ce con di ti ons,
mec ha ni cal as pects of func ti on and lo cal and sys-
te mic host en vi ron ment. Com po si ti on and cor ro -
si on as pects, as well as the to xi co logy of the sing le
me tals and al loys, are es pe ci ally pro ne to evo ke
ad ver se re ac ti ons.3-5 Ele men tal re le a se from al loys
has al so be en stu di ed ex ten si vely in dif fe rent in
vit ro con di ti ons.

In suf fi ci ent con cen tra ti ons of me tal al loys or
me tal ions are known to ca u se to xic, inf la ma tory,
al ler gic or mu to ge nic re ac ti ons. Ca ses of oral tis su -
e re ac ti ons in con tact with den tal cast al loys ha ve
be en re por ted in li te ra tu re.6-8 Va ri o us in ves ti ga tors
ha ve used al loys or me tal salt so lu ti ons to eva lu a te
morp ho logy, vi a bi lity, pro li fe ra ti on, pro te in pro-
duc ti on and the ef fect on bac te ri al growth.9-11 The
me tal salt so lu ti on sho wed slightly hig her to xi city
va lu es than the me di um ex tract for a ran ge of dif-
fe rent den tal al loys.12 Ho we ver, the se da ta can not
be ex tra po la ted to me tal or al loys and to the ir use
in the mo uth. Me tals li ke nic kel or cop per be ing
re le a sed from cer ta in den tal cast al loys we re tho -
ught to be the (to xic) ca u se of re ac ti on such as gin-
gi val inf la ma ti on.13

Re se arch has shown that the in vit ro cyto to -
xi city of den tal cas ting al loys may cor re la te with
the re le a se of ele ments from the al loys. In vit ro bi -
o com pa ti bi lity tests we re de ve lo ped to sti mu le and
pre dict bi o lo gi cal re ac ti ons to ma te ri als when pla -
ced in to or on tis su es in the body.9,10,14 The se tests
ha ve eva lu a ted the cel lu lar res pon se to den tal cas t-
ing al loys, the ir cons ti tu ents and le ac hab le com po -

nents. An im por tant con se qu en ce of ele ment re le -
a se from den tal al loys is cyto to xi city in the ad ja -
cent tis su es.

The se cell cul tu re tests ha ve eva lu a ted the cel-
lu lar res pon se morp ho logy, vi a bi lity, pro li fe ra ti on,
pro te in pro duc ti on, he moly sis of cells of den tal cas -
ting al loy as used al loys and/or me tal salt so lu ti ons.9

Ho we ver, the mo re sen si ti ve cell pro li fe ra ti on test
was re qu i red to de tect ef fects of the al loys on the
cells. 

The aim of this study is to eva lu a te in vit ro to -
xic ef fect of low and high con cen tra ti ons of Ni, Cr,
Co, Ag, Cu, Zn, Mo, Be ions that are known to be
re le a sed from den tal al loys using in vit ro cell cul-
tu re on L 929 mo u se fib rob last at 72 ho urs. The hy-
pot he sis was that the ef fect of the se me tal ions on
cell ac ti vity de pends on the ir con cen tra ti on and ac-
ti vity. 

MA TE RI AL AND MET HODS

PRE PA RA TI ON OF ME TAL ION SO LU TI ONS 

The me tal ions, the ir so ur ces and the ran ges of con-
cen tra ti ons are shown in Tab le 1. The se lo west and
hig hest con cen tra ti on ran ges of me tal ions we re se-
lec ted be ca u se they are as su med to be re le a sed from
den tal cas ting me tal al loys in to the oral en vi ron -
ment.5,6,8

The di lu ted and con cen tra ted me tal ion so lu -
ti ons we re pre pa red with 1000 mL dis til led wa ter
(Ri e del-de Ha en, Sig ma-Al drich GmbH Se el ze,
Ger many) 

Gülşen CAN et al THE EFFECT OF METAL IONS ON VIABILITY OF L 929 MOUSE FIBROBLASTS

Turkiye Klinikleri J Dental Sci 2009;15(3)168

Concentrations 

Metal ions Solutions (µmol/ L)

Ni+2 NiCl2.6H2O 10-500

Cr+3 CrCl3.6H2O 10-2000

Co+2 CoCl2.6H2O 10-200

Ag+1 Ag2S04 1-20

Cu+2 CuCl2.2H2O 10-500

Zn+2 ZnCl2.6H2O 1-50

Mo+5 MoCl5 10-1000

Be+2 BeSO4.4H2O 10-500

TABLE 1: Metal ion concentrations and sources.



CELL CUL TU RE PRE PA RA TI ON

DMEM me di um (Dul bec co’s Mo di fi ed Eag le’s Me -
di um-Ham’s F-12 pH 7.4; Sig ma) con ta i ning 10%
Fe tal Bo vi ne Se rum (FBS) and chris ta li ze  pe ni ci -
lin G pot ha si um (100 mL/2 mil li on IU), chris ta li ze
strep tomy cin sulp ha te (100 mL/2 g) we re pla ced in
96-well dis hes well (Sig ma-Al drich Corp., St. Lo u -
is, MO, USA), 37°C in 5% CO2 and 97% air hu mi -
di fi ed at mosp he re. Then, 80.000 cells/mL L 929
mo u se fib rob lasts (NCTC clo ne 929, ATCC CCL 1,
Ame ri can Type Cul tu re Col lec ti on, Rock vil le Md.)
we re ad ded to the se cul tu re wells and in cu ba ted for
24 ho urs be fo re ad di ti on of the me tal ion so lu ti -
ons.

CELL VI A BI LITY TESTS

Af ter in cu ba ti on, the di lu ted me tal ion so lu ti ons
we re se pa ra tely ad ded (100 µL per well) in the cell
cul tu re wells for 72 ho urs for Ni, Cr, Co, Ag, Cu,
Zn, Mo, Be. The se pro ce du re was re pe a ted for con-
cen tra ted me tal ions. The cell cul tu re wells wit ho -
ut me ta lic ions un der the sa me con di ti ons are used
as con trol gro ups.

Af ter ex po su re ti me, me tal ion so lu ti ons and
DMEM we re re mo ved from wells. Then cells we re
was hed with Dul bec co’s phosp ha te-buf fe red sa li -
ne (PBS) and fi xed with 10% for mal dehy de and af-
ter wards the cells we re was hed aga in, dri ed and
sta i ned with crystal vi o let (Merck, Ger many) for
20 min at 37°C. Af ter sta i ning, they we re was hed
with PBS for thre e ti mes. Ethyl al co hol 70% 100
µL was ad ded for 5 min at 37°C. The sa me pro ce -
du re was re pe a ted for all cells inc lu ding the con-
trol gro ups. 

The vi a bi lity of the cells ex po sed to di lu ted
and con cen tra ted me tal ions we re de ter mi ned by
me a su ring the ab sor ban ce of crystal vi o let at 492
nm wa ve length spec tro-pho to me ter (ELI SA; Mul-
tis can, Hel sin ki, Fin land). The cell vi a bi lity was
ana li zed di rectly by me a su ring op ti cal den sity of
the sta i ned cells. Each ex pe ri ment was re pe a ted
thre e ti mes. Re sults we re eva lu a ted by non-pa ra -
met ric sta tis ti cal analy ses. Wil co xon and Krus kal-
Wal lis analy sis of va ri an ce was used to analy ze the
da ta for cyto to xi city of di lu ted and con cen tra ted
me tal ions. Fol low up com pa ri sons bet we en the

gro ups we re car ri ed out using mul tip le com pa ri son
test.

RE SULT
The ef fects of dif fe rent me tal ions and dif fe rent
con cen tra ti ons on cell vi a bi lity are shown in Fi gu -
re 1. 

Sig ni fi cant dec re a se we re ob ser ved on vi a bi -
lity of L 929 mo u se fib rob lasts that we re in con tact
with di lu ted and con cen tra ted me tal ion so lu ti ons
as they we re com pa red to the con trol gro ups. The
dif fe ren ces bet we en low and high con cen tra ti ons
of me tal ion so lu ti ons we re sta tis ti cally sig ni fi cant
(p< 0.05). This may sug gest that high con cen tra ted
ran ge ac ce le ra tes the cell nec ro sis.

The ef fect of the dif fe ren ces bet we en me tal
ions on cell vi a bi lity in di lu ted so lu ti ons are fo und
to be sta tis ti cally in sig ni fi cant com pa ring Ni with
Cr, Cu and Zn; Cr with Cu and Zn; Ag with Be; Cu
with Zn. Ho we ver, the dif fe ren ces bet we en the ot -
her ele ments are sta tis ti cally sig ni fi cant (p< 0.05)
(Tab le 2). 

The ef fect of the dif fe ren ces bet we en me tal
ions on cell vi a bi lity in con cen tra ted so lu ti ons are
fo und to be sta tis ti cally in sig ni fi cant com pa ring Ni
with Co, Ag, Cu, Be and Zn; Cr with Mo and Zn;
Co with Ag, Cu and Be; Ag with Cu and Be; Cu
with Be and Zn. Ho we ver, the dif fe ren ces bet we -
en the ot her ele ments are sta tis ti cally sig ni fi cant
(p< 0.05) (Tab le 3). In our re sults, Be, Ag and Cu
had the hig hest to xi city fol lo wed by Ni, Cr, Co, Zn
in the di lu ted and con cen tra ted so lu ti ons. The lo -
west to xi city le vel was ob ser ved in Mo.
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FI GU RE 1: The ef fects of di lu ted and con cen tra ted me tal ions on cell vi a -
bility.

Control

C
el

l v
ia

bi
lit

y 
(o

pt
ic

 d
an

si
ty

Consantration
Diluted Consantrated



DIS CUS SI ON 
Bi o lo gi cal and to xi co lo gic pro per ti es of den tal ma-
te ri als are im por tant in re la ti on the ir cli ni cal usa -
ge. Usa ge of dif fe rent res to ra ti ve ma te ri als in
den tistry re qu i res a com pa tib le bi o lo gi cal re la ti -
ons hip bet we en ma te ri als and li ving tis su es. Cor-
ro si on shows the bi o lo gi cal sta bi lity of den tal
al loys. Cor ro si on usu ally oc curs when me tal lic
ma te ri als are ex po sed to body li qu ids. Se ve ral in
vit ro stu di es ha ve shown that me tal ions re le a sed
by den tal cas ting al loys du e to cor ro si on may le -

ad to lo cal and sis te mic to xi city, al lergy, mu ta ge -
ne sis or car si no ge ne sis in li ving tis su es.4,5,15 The
first step to ap pro ach den tal cast al loy to xi city is
to analy ze the to xic po ten ti al of me tal ions; e.g. in
cell cul tu re systems. Da ta from such ex pe ri ments
are de pen dent upon the cell cul tu re con di ti ons
cho sen; e.g the cell li ne, cell cul tu re me di um, in-
cu ba ti on ti me.3,16-18

In vit ro cyto toc xi city test are ne ces sary scre -
e ning step in the tes ting of new ma te ri als used in
hu man systems, es pe ci ally tis su e and cell cul tu res,
are used in the se types of stu di es.. The se in vit ro ex-
pe ri ments are do ne wit hin 3 to 7 days.5,6,8 Ke e ping
the al loys and cells in bi o lo gi cal me di um mo re than
one month ca u ses con ta mi na ton with mic ro or ga -
nisms and dec re a ses in me di um com po nent. Du e to
the li mi ta ti ons abo ut cul tu red cells, a vast num ber
of ex pe ri ments are per for med in less than 168 ho -
urs. The in ter val used to me a su re the cyto to xi city
of den tal al loys can ha ve a sig ni fi cant ef fect on the
re sults. Thus, this in ter val for using the se tests to
me a su re the cyto to xi city of al loys sho uld be se lec -
ted.11,12,19

In our study, it is hypot he si zed that me tal ion
con cen tra ti on is im por tant fac tor af fec ting the re-
la ti ons hip bet we en ma te ri al and li ving tis su e. For
this re a son, the ef fect of low and high con cen tra ti -
ons of me tal ions on vi a bi lity of L 929 mo u se fib -
rob lasts was ob ser ved af ter 72 ho urs. The se
ele ments we re Ni, Cr, Co, Ag, Cu, Zn, Mo, Be that
known to be re le a sed from ba se me tal al loys. 

In vit ro ex pe ri ments inc lu de stu di es with me -
tal samp les as well as me tal par tic les, me tal oxi des
and me tal ion so lu ti ons.13,16 A spe ci fic con cen tra ti -
on res pon ses abo ut a cyto to xic ef fects. On the ot her
hand, the ele ments which da ma ge li ving tis su e
even at low con cen tra ti ons are ac cep ted as cyto to -
xic ele ments com pa ring to the ot her ele ments.20-23 

Cra ig and Hanks17 sta ted that Ni ion that had
an ef fect on the morp ho lo gi es of cell or ga nel les co -
uld chan ge so me ami no systems. They sug ges ted
that Ni was mo re ac ti ve in cell li fe than Cr. In cur-
rent study, both con cen tra ted and di lu ted Ni ion
so lu ti ons we re fo und to be sta tis ti cally (p< 0.05)
mo re ac ti ve in cell vi a bi lity than Cr af ter 72 ho urs.
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Metal ions Median (Min-Max) *

Ni 0.164 (0.146-0.198) A

Cr 0.164 (0.116-0.199) AB

Co 0.226 (0.143-0.240) C

Ag 0.112 (0.048-0.163) CD

Cu 0.160 (0.155-0.171) A

Zn 0.189 (0.107-0.233) AB

Mo 0.270 (0.228-0.297) E

Be 0.137 (0.085-0.148) D

Control 0.293 (0.275-0.316) F

TABLE 2: A comparison of diluted metal ions. Values
are median, maxima and minima from triplicates, the

data are expressed as percentage of untreated control
cultures. The differences of cell viability was significantly

different (p< 0.05).

*Dif fe ren ce bet we en me an va lu es that are sho wed with dif fe rent let ters is sta tis ti cally 
sig ni fi cant.

Metal ions Median (Min- Max) *

Ni 0.055 (0.050-0.065) A

Cr 0.110 (0.103-0.11 5) B

Co 0.055 (0.046-0.059) AC

Ag 0.055 (0.047-0.066) AC

Cu 0.052 (0.047-0.061) AC

Zn 0.069 (0.052-0.092) D

Mo 0.157 (0.150-0.163) B

Be 0.059 (0.031-0.085) AC

Control 0.316 (0.245-0.369) E

TABLE 3: A comparison of concentrated metal ions.
values are median, maxima and minima from triplicates,

the data are expressed as percentage of untreated 
control cultures.  The differences of cell viability was 

significantly different (p< 0.05).

*Difference between mean values that are showed with different letters is statistically 
significant.



Pre vi o us in ves ti ga ti ons ha ve re por ted that the
gre a ter cyto to xic ef fect of the Ni-Cr al loys in com-
pa ri son to the high-nob le al loy was most pro bably
re la ted to the amo unt of the ir re le a sed ele ments.
The se fin dings ag re e with ot her re ports, which
show that Ni-Cr al loys and the ir pro ducts ad ver -
sely af fect the ac ti vity of cells..5,7 The cyto to xi city
of den tal cas ting al loys de pends on the com po si ti -
on of the al loys. The bi o lo gi cal li a bi li ti es may be
re la ted to both the to tal mass re le a sed and the ele -
ments, such as Ni, which tend to be re le a sed from
the se types of al loys.10,12,22

Wa ta ha and et al21 in ves ti ga ted mi toc hon dri al
ac ti vity and to tal cell pro te in le vel using MTT
[3-(4,5-di methyl thi a zol-2-yl)-2,5 dip henyl tet ra -
zo li um bro mi de suc ci na te] as say on hu man mac -
rop ha ges with Ni, Ag, Cu and Hg and so me ions at
low con cen tra ti ons. The ions af fec ted both of two
me ta bo lic ac ti vi ti es sig ni fi cantly. Furt her mo re, it
was conc lu ded that each ion had its own spe ci fic
ef fect mec ha nism. We ob ta i ned si mi lar re sults in
this study using L 929 fib rob lasts. In our study, vi-
a bi lity of L929 mo u se fib rob lasts that we re in con -
tact with di lu ted and con cen tra ted me tal ion
so lu ti ons de mons tra ted a sig ni fi cant dec re a se as
they we re com pa red to con trol gro up. The dif fe -
ren ces bet we en low and high con cen tra ti on we re
sta tis ti cally sig ni fi cant (p< 0.05). Stu di es by Wa ta -
ha et al. ha ve shown that va ri o us me tal ca ti ons ca -
u se cyto pat ho ge nic ef fects in mu ri ne 3T3
fib rob lasts and that deg re e of cell da ma ge va ri es de-
pen ding on the con cen tra ti on and type of me tal ca -
ti on. The se stu di es ha ve shown that dis tinct me tal
ca ti ons may be re le a sed from den tal al loys in vit ro,
alt ho ugh, usu ally, to xic con cen tra ti ons may not be
re ac hed.24-29 

Wa ta ha and et al25 sta ted the cell types
(Balb/c3T3, ROS 17/2.8, L 929, WI-38 ) re act dif fe -
rently to den tal ma te ri als. It was conc lu ded that the
cyto to xi city of cast al loys and re le a sed ions is sig ni -
fi cantly af fec ted by which cell li ne is se lec ted for
the test. The cell type used in the pre sent study is
sig ni fi cantly im por tant for the tests.

Sched le and et al16 in di ca ted me tal ions at dif-
fe rent con cen tra ti ons had an im por tant cyto pat ho -

ge ni cal ef fect on L 929 fib rob lasts, hu man gin gi val
fib rob lasts and mast cells at every con cen tra ti on le -
vel. 

Hor nez and et al30 fo und that Au, In, Sn, Pt,
Ti, Pd ions had the lo west to xi city even at high
con cen tra ti ons. Cr, Ag, Cu we re des cri bed as to xic
and Ni, Co, Zn ions had a high le vel of to xi city.

In our study, at the di lu ted and con cen tra ted
so lu ti ons, Be, Ag, Cu had the hig hest to xi city fol lo -
wed by Ni, Cr, Co, Zn af ter 72 ho urs. The lo west
to xi city le vel was ob ser ved in Mo.

In our pre vi o us study, the ci to to xi city of den-
tal cas ting al loys was as ses sed re gar ding the morp -
ho logy of ac tin mic rof la ments, in ter me di a te
fi la ments (vi men tin) and mic ro tu bu les. The det ri -
men tal ef fects on Ni-Cr al loys we re hig her than
tho se of Co-Cr al loys. It wo uld se em re a so nab le to
conc lu de that in Ni-Cr al loys the se ve rity of ac tin-
ba sed cel lu lar func ti ons de pends on the cyo to to xic
po ten ti al of nic kel ions re le a sed by cor ro si on.31

As a re sult, when me tal ion is in con tact with
cell, it has an de le te ri o us ef fect even at low con-
cen tra ti on. Mo re sen si ti ve cell cul tu re tests and/or
lon ger in vit ro test pe ri ods are ne e ded for eva lu a ti -
on of the res pon ses of cul tu red cells to al loys and
types of me tal ions which are re le a sed from the se
al loys. 

CONC LU SI ON
The ele ments and the con cen tra ti ons res pon sib le
for in  vit ro cyto to xic ef fects is im por tant be ca u se
it will help in vit ro tests and de sig ning new al loys
to avo id ad ding the ele ments that ap pe ar to be
harm ful.

Wit hin the li mi ta ti ons of this study, me tal ions
ef fect on vi a bi lity of L 929 mo u se fib rob last. Each
ion has a spe si fic ef fect mec ha nism. Con cen tra ti -
ons of me tal ion are im por tant fac tor on cell vi a bi -
lity. Con cen tra ted ran ge ac ce le ra tes the cell
nec ro sis.
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