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Short Research Article

The Effect of L-ButhionineSulfoximine on theT oxicities and Interactions of As, Cd,
Hg, and Pband their composite mixtureon MCF 7 Céll Line

The effect of intracellular level of GSH on the @yixicity and interaction of four
environmentally relevant metals arsenic, cadmiumrcory and lead (As, Cd, Hg, and
Pb) was investigated. L-ButhionineSulfoximine (LBS&as used to inhibit the
intracellular level of GSH in MCF 7 cells. Both imdlual and combined cytotoxicities of
the four metals on the cells were assayed by sgeairometric counting of the
surviving cells after 24-hour exposure. Exposurthefcells to three of the studied
metals: As, Cd, and Hg resulted in the productibsignificantly (p<0.5) higher level of
cellular GSH relative to the control. However, sadkposed to Pb with or without
pretreatment with LBSOexhibited about 50% decréasalular GSH.Individual metal
toxicitywas higher in GSH-depleted cells relatiee3SH-rich cells;however, the effect
of GSH depletion was slightly metal selective asaAd Hg exhibited toxicities. Cells
exposed to the composite mixture of all four meitadicated additive and antagonistic
interactionsin GSH depleted cells and GSH richeesypely.

Keywords: LBSO, GSH, cytotoxicity, interactions, JTidteractive index
1 Introduction

Adverse health effects are usually the consequearfdasman exposure to high levels of
environmental contaminants. Exposure to differéncicalsoccurssimultaneously or
sequentially through their natural presence in foatiie to anthropogenic activities (e.g.
industrial and agricultural activities).Fortunatgly recent years, governmental agencies
and various research groups have developed togall data and methodology for
assessing chemical mixtures which are frequenitpentered in the
environment(Monosson 2005; Teuschler et al. 2008gAic (As), cadmium (Cd),
mercury (Hg), and lead (Pb) are examples of sontlkeeothemicals which humans are
exposed to frequently. Toxicity studies and headthcerns of these metals are important
because of their consistent inclusion among thesémencontaminants of concern in
Environmental Protection Agency’s (EPA) highesbpty hazardous
substances(ATSDR 2014).

Compared to individual chemicals, it is generaltgepted that chemicals
mixturesmaypose more risk depending on the combimat/nraveling the extent of the
risks posed and the various forms of complicatextsbited by chemical mixtures are
therefore part of the goals of groups involvedia studies of chemical mixtures and
related research. Various studies suggest thatinesxiof chemicals elicit toxicological
interactions (antagonistic, additive and synergjsin their target cells.(Enserink et al.
1991, Otitoloju 2003; Spehar and Fiandt 1986)F@aneple Ishaquet al., 2006 showed
that composite mixtures of As, Cd, Hg, and Pb,airthaximum contamination limit
(MCL),demonstrated synergistic effects\dibrio fischeri.Similarly, studies by Egiebor
et al., 2013 revealed that the exposure of MCHIg teethe mixture of the combination
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of thesame set ofmetals induced a synergistic effaveral researchers have studied the
cellular regulations of glutathione (GSH) and mletaionein (MT) in different cells
exposed to metal ions (Barata et al., 2002; CharGeorge Cherian 1998wiergosz-
Kowalewska et al., 2006; Valencia et al., 2001pme study,researchers indicated that
cellular regulations of GSH and MT were stronghkid to the cell’'s biochemical
response when exposed to the metal ion intoxic@@a et al. 2001).Intracellular
interaction of the protective proteins with metais can greatly affect the cytotoxicity of
these ions. Researchers have stressed that thelathe intracellular availability of

the metal ions by GSH (by participating in reacsitinat destroy free radicals) and MT
(by metal-ligand interactions) partly regulatesciftetoxicities of the metal ions in a
variety of ways, thereby leading to the interace¥ects observed in cells (Anderson and
Reynolds 2002; Hultberg et al. 2002; Roesijadi 9®¥bst importantly, exposure of
cells to some metals trigger the synthesis of G&HMT, whichcreates a cycle of
dependence between the biochemical response aatlioret bioavailability(Roesijadi
1994).0ther studies also describe the apparemease in the intracellular concentration
of MT as the GSH is depleted and how this affecatailability, toxicity, and
interactions of cells exposed to more than one Inagiteer sequentially or
simultaneously(Hochadel and Waalkes 1997; Nakagdawa 1995; Roesijadi 1994).1t is
hoped that studying the cytotoxic effects of mesadd their mixtures
followingtheinhibition of cellular GSH or MT will gable scientist understand the link
between the detoxifying polypeptides and the tefiects of metals

The objective of this work was to determinethe @Heof cellular GSH inhibition on the
toxicity and interactions of As, Cd, Hg and Pb @émeir composite mixture onMCF 7 cell
line.GSH was inhibited bypre-treating the cellswit8iSO.LBSO irreversibly inhibits
gamma-glutamylcysteinesynthetase (the rate-limgingyme of GSH synthesis) thereby
inhibiting cellular GSH production(Anderson and Relgs 2002; Keogh et al., 1994).

2Materials and methods
2.1Céll culture and exposure

The four metals As 1mg/mL in 2% KOH,Cd 1mg/mL i®N.nitric acid, Hg 1mg/mL in
10% nitric acid and Pb 1mg/mL in 2% nitric acid,atbmic absorption standard solution,
were purchased from Acros Organic (New Jersey).dthyi sulfoxide (DMSO), and
Fluorescence Diacetate Dye (FDA) were purchased 8@ma-Aldrich Co (St. Louise,
MO).MCF 7 cell lines, Trypsin-EDTA and Fetal BoviBerum (FBS) were purchased
from American Type Culture Collection (ATTC) (Masas, VA). Minimum Essential
Medium (MEM) alpha 1x, Dulbecco’s Phosphate Buftegaline (PBS), MEM without
phenol, and Penicillin Streptomycin were purchdsech GIBCO Invitrogen (Grand
Island, NY). LBSO was purchased from Toronto Rege&hemicals (North York,
ONCanada). MCF 7 cells were grown in MEM alphastipplemented with 10.0% FBS
and 1.0% penicillin streptomycin and incubatedZérhrs at 37C in a 5% CQ incubator
to allow the cells to grow, and form a monolayetha flask. Cells grown to 75-85%
confluence were washed with phosphate buffer séRBsS), trypsinized with 3 mL of
0.25% (V) trypsin, 0.3% (v) EDTA, diluted with fiesnedium, and counted for
experimental purposes.
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To inhibit the production of cellular GSH,growth diem containing 2.5mM LBSOwas
used to seed MCF 7 cells in sterile 96-well (1 % délis/well)plates and placed in a €O
incubator for 24 hours. The concentration of LBS@diwas pre-determined by exposing
MCEF 7 cells to decreasing concentration of LBS@r{stg form 20mM). The
concentration that could effectively inhibit GSHduction with a cell survival rate of
95% was determined to be 2.5mM.Subsequentlycelte exposed to serially diluted
concentrations of the individual metals and the posite mixture of the 4 metals
prepared in MEM (without phenol), supplemented V& penicillin streptomycin. The
highest concentration for the individual chemicas 80mg/L. The mixture of the four
metals was made by mixing As, Cd, Hg, and Pb ssobktions in ratio of their EPA’s
MCL 10:5:2:15 respectively representing a startingcentration of 20, 10, 4 and 30
mg/L respectively. The first row of each plate waed as control (medium without cell)
and the second row used as negative control (e@h®ut chemicals) andthe treated cells
were incubated for 24 hours.

2.2Cell viability test by spectrofluorometric method

After carefully decanting metal-containing growtledum,cells werewashed with 100.0
puL PBS, and each of the wells was treated with@Qol0.of diluted Fluorescence
Diacetatedye (FDA) solution (i.e., 50mg FDA dyesimL dimethyl sulfoxide). The
treated plates were placed in the incubator fom#tutes. This allowed the surviving
cells to be stained by the FDA giving them a flsment green color. Cell culture plates
were read with Fluoroskan Ascent FL 374 (Thermolatesns, Finland) and the
readings were converted to percent death by comgpaach reading with the control
(reading from the second row of each plate; 100P@isal by default).Ilgor Pro 6.22A
software, was used to generate a concentratiornesor each treatment.Inbuilt
sigmoid function was fitted onto the plotted data ghe concentrations at various
percentages responses from 20% to 80 % were estmbid assess the interaction of the
various components of the mixture, concentratiaiteah was used to determine the
toxicity of thecomposite mixture. Thus, the concatibn of a mixture component was
scaled for its relative toxicity generally termeaxic Unit (TU) of that
component.(Altenburger 2011; Altenburger et al.®00

2.3 Measurement of intracellular GSH content in MCF7 cells and LBSO pretreated MCF
7 cells.

GSH levels were analyzed in MCF7 cells using 5+arteethylfluorescein diacetate
(CMFDA, Molecular Probes).(Han et al. 2008)Cellg@exposed topreviously stated
concentrations of the individual metals (As, Cd, Bigd Pb)and their composite mixture
for 24 hours.Subsequently cells were exposed to BM#ye for 45 min. This same
procedure was repeated using cells that were ptettavith LBSO for 24hr. CMFDA
fluorescence intensity was determined using a FAGIRa flow cytometer (Becton
Dickinson) and calculated with Cell Quest pro saitev 10,000 events were collected for
each sample.
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2.4 Satistical Analysis

In order to determine the significance of the pogtmlifferences in the results, Student’s
t-test was employed. Analysis of variance (ANOV8gether with Tukey’s test was
applied for multiple comparisons.

3 Resaults and discussion

3.1
G levelsin MCF7 cells and LBSO pretreated MCF 7 cells.

The effect of LBSO on GSH level was studied incpfistreated with LBSO and cells
without LBSO pretreatment. The GSH levels were egped as percentages relative to
the control and shown in Table 1. Compared to twrol, cells without LBSO
pretreatment showed increased levels of GSH affgosire to As, Cd, and Hg solutions,
which is consistent with previous studies showimgeased levels of GSH in cells
exposed to metals.(Garcia-Fernandez et al. 2002§/keof GSH in cells exposed to Cd
and Hg increased more than 2-fold and those exposAd increased about 1.5 fold
relative to the control. Thus at P<0.05, the lefe6SH in cells exposed to the three
metals was significantly higher than the controlcélls pretreated with LBSO, the levels
of GSH decreased to about half of the control fothe metals used in the treatment.
Cells exposed to Hg after LBSO pretreatment shawedowest levels of GSH. When
compared to those without LBSO pretreatment, LB&@ted cells exposed to Hg, Cd,
and As showed about 14, 5, and 3-fold decreasedsley GSH respectively. The
significant (P<0.5) decrease in GSH level in LBS@teated cells clearly confirmed that
LBSO interfered with the cells defense mechanism.

Surprisingly, the same level of GSH was found illsoexposed to Pb, irrespective of
LBSO pretreatment. Thus, cells exposed to Pb ih bases showed about 50% decrease
in the levels of GSH, when compared to the conliadde 1). Although previous studies
demonstrated decreased intracellular levels of @St¢lls treated with Pb(Perez et al.
2013; Wilczek et al. 2004),it was not clear whytler decreased in GSH levels was not
observed in LBSO-pretreated cells. A higher-thantad level of GSH at exposure to Pb
would have been expected, since metals have tleafpatfor eliciting GSH increase, as
previously reported. Our result is in line withukdrom other studies which have shown
that exposure lead canreduce cellular GSH levals@ii and Soud 2000; Perez et al.
2013; Ullah et al. 2011)As much as 40% decrea&kSH level in human whole cells
exposed to Pb was reported byHunaiti and Soud 2000

Table 1: GHS levels in cells before exposure toamseis, Cd, Hg, and Pb.
The levels are shown as percentage of the conttolistandard deviation
(SD) from 4 samples.

Treatment No pretreatment LBSO pretreatment
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Control 100 + 11 100 £ 12

As 153 + 18 50+6
Cd 247 + 26 51+6

Hg 244 + 24 18+2
Pb 53+ 6 56 + 6

When cells were exposed to the composite mixtuds,o€d, Hg, and Pb, the levels of
GSH in LBSO-pretreated cells and cells without LB@®treatment were 14+2%
149+16% as compared to the control. Thus,LBSO nulykiafluenced the levels of
cellular GSH when exposed to the composite mixiiuneas thought thatsince the metals
interact differently with GSH and potentially infere with cellular GSH levels, varying
the concentration of the metals used in the mixuliehave significant effects on the
GSH levels. However, no trend was observed evemwlifeerent concentrations of each
metal were present in the mixture.

3.2 Acute toxicity of individual metalsin presence of LBSO

To assess the individual toxicity of As, Cd, Hg &yl two set of cells (LBSO pretreated
cells and cells without LBSO pretreatment), celeseexposed to varying
concentrationsof the four individual metals. Frdma tesults (Figure 1),cells without
LBSO pretreatment indicated that the four metatsnad significantly (P<0.05) different
levels of toxicity towards MCF 7 cells. Toxicitymking of the four metals was in
agreement with the EPA ranking (i.e., Hg>Cd>As>PDb).

Lethality (*a)

! | | T |
i 20 40 Al 20

Concentration (mg/L)
Figure 1: Acute toxicity profiles of individual meds towards LBSO (continuous line)
and non-LBSO pretreated (broken line) MCF 7 cellee symbolse, m, A, and ¢
indicate toxicity profiles As, Cd, Hg, and Pb-exed<ells respectively.

Hg was found to be the most toxic (i.e.4g@©.6 = 0.1 mg/L) while Pb was the least toxic
(i.e. LG50 26 £ 2 mg/L) to MCF 7 cells based on 24 hour expegFigure 2).
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214 Figure 2: Mean toxicities of individual metals aarius percentage responses. The
215 markerse, m, A, and¢ indicate As, Cd, Hg, and Pb treatments respegtiventinuous
216 line is exposure in the presence of LBSO (GSH depeagent) broken line is the
217 exposure in absence of LBSO, and the error bargsept standard deviation calculated
218 from at least 9 different toxicity assays. The msethe mean toxicities for lead.

219

220 Pretreatment of MCF 7 cells with LBSO was shownirtorease the toxicity of the
221 individual metals.Thus without GSH defense, lesaceatration of each metal was
222 required to elicitcell death. In contrast to EPAkimg of the individual metal toxicities,
223 cells pretreated with LBSO indicated that As, artlsWitched positions in the ranking.
224  Arsenic became slightly more toxic than Cd. Newsdhs, there were no significant
225 differences in the toxicities of the two metalspwing similar influence on GSH.

226 Hg and Pb remained the most and least toxic respgcamong the four metals with no
227 correlation to LBSO pretreatment (Figure 2). Thgdfor Hg, As, Cd, and Pbstarting
228 form the most toxic was 0.0698, 0.346, 0.412 an80mg/L respectively. As

229 expected, each metal demonstrated significant Q&y@ncrease in cells mortality with
230 increasing concentration of the metals indicatimtpse-dependent cytotoxic effect of the
231 four metals. Pb showed the highest range betweeadhcentration for L& and LGy,

232 this was followed by Cd, and As. The coefficienvafiation(CV) ranged 6.17 to

233  35.64%. Mercury showed higher CV values and Cd@®ésndicating highest and

234 lowest variability respectively.

235 Different toxic effects of the tested metals webtained, in the absence and presence of
236 cellular glutathione, at 50% lethality, the toxiegt of As and Hg in GSH-depleted cells
237 were 5 and 9 times higher respectively, relativehotheir toxicities in GSH-rich cells.
238 The toxicities of Cd and Pbwere two times highecetis pretreated with LBSO as

239 against cell without LBSO pretreatments. Similar@ases in the levels of GSH were
240 detected in cells pretreated with LBSO before m@&al Hg and Cd) exposure;however,
241 Pb demonstrated significantly lower toxicitiie implication is that, when cellular GHS is
242  depleted, the level of protective proteins like aflethioneins increases in order to keep the

243 intracellular level of total protective proteinddnracedT his assertion is supported by previous
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studies that have indicatedthat decreased levalsliofiar GSH induced the increased
production of other protective protein (e.g., MHpgchadel and Waalkes 1997; Roesijadi
1994).

100 - : &

Lethahty (%)

I [ I [ | |
i 30 [ 00 150 200 250

Concentration ratio ( Arbitrary Lmir)

Figure 3: Concentration-response curve for the asite@ mixture of the four metals.
Concentration ratio of 1 contains the four metalshieir EPA MCL concentration (i.e.,
As: Cd: Hg: Pbis to 10: 5: 2: 15)

A composite mixture of the four metals was prepdoaeded on the EPA MCL ratio.
Serial dilutions of the mixture were were employedassess concentrations at various
percentage deaths of the cells. To obtain condemireesponse curve (figure 3),
concentration ratios were worked out from the wagkiratio (concentrations in the
solution used) and the MCL. Lethal concentratioheaxrh of the four metals at various
percentage responses were calculated from thes®s rand shown in Table 2. As
expected, the ranking for the toxicity of the metal the composite mixture in the
presence of LBSO followed the EPA ranking (i.e., Hé4s > Cd >Pb). The L& for 24
hour exposure of the metals on the MCF 7 cellgherfour metals Hg, Cd, As, and Pb
were 0.0409, 0.102, 0.204, and 0.308 mg/L respdgtilable 2).

Toxicities for all the tested metalsproved concatitn-dependent.Relying on LC50 data,
it could be concluded that each of the four mefas Cd, Hg, Pb in the mixture were
respectively 2, 4, 2, and 48 more toxic than why tvere present alone (Table 2).

Table 2: Toxicities (mean+SD) mg/L of the metals 8¢, Hg, and Pb when present in a
mixture in the ratio of 10:5:2:15, respectivelyyatious lethal concentrations, in the presence
of LBSO. The mean was calculated from at leasff@rdint toxicity assays.

LCy As Cd Hg Pb

LCx 0.06:0.01 0.033:0.007 0.013x0.003  0.100.02
LCsc 0.12+0.02  0.06£0.01  0.024+0.004  0.18+0.03
LCs 0.16+0.03  0.08+0.01  0.033+0.006  0.25+0.04

o~ o o e~ e~ 4 mw o m w  rm~ pm o o~ A A rm o~ - .




275

276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297

298
299

300
301
302
303
304
305
306
307

3.3 Comparison between individual and combined toxicities.

A comparative study between individual and combit@dcities, aimed at estimating
toxic units for each of the metals at various L@d &he concentration of each mixture
component was scaled for its relative toxicity. itoxnit gives an estimation of the
toxicity of a component in a composite mixture.eThean of the TU (toxic units) values
of Hg and As were significantly higher, followed By and Pb (Figure 4). It was shown
that As and Cd contributed the most to the toxiaiy the mixture, with equal
contributions. The contribution of Hg, the secomxi¢ metal in the mixture, was
significantly lower than that of Cd and As.

The TU values of As, Cd, and Hg were slightly higla¢ lower response levels and
leveled up at subsequent response levels. Forhdglt) values at about 40% responses
upwards. As and Cd values were reported as levefingt 40% and 60% respectively. In
the case of Pb, the TU values were the same thoatighe various response levels.

1.4

Toxie Units { Arbitraty Lnit)
=
o
|

il 20 40 Bl Bl
Lethality (%a)

Figure 4: Toxic Units for a mixture of As, Cd, Hgnd Pb in the ratio 10:5:2:15
respectively at various lethal concentrations ia gresence of LBSO. Error bars are
standard deviation calculated from 9 samples. Tyrebsils o, m, A, and ¢ indicate
toxicity profiles As, Cd, Hg, and Pb-exposed cedispectively.

To evaluate the type of toxic interaction of therfoetals in the composite mixture, the
concentration addition model was employed. The ealfor the index of interaction,
considered the sum of the TU values, decreasdatiegsercentage response increased (fig
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5). The means interactive indices for all concerdragiwere greatethan 1, pointing to
shift towards antagonistic interaction of the fougtallic specie:

The one-sample test carried out on the interactive indiat differentresponse level
showed that the interactive indices did significantly differ from unit (P=0.5),
proving thatthe interactive effect of the four metals is stigngdditive The results ar
discussed and compared with those previously re@doy researchers who demonstre
various interactive effects of metal mixtures ofisceith cellulasr GSHBae et al., 2001
Ishaque et al.,, 2006)Their results indicated tF mixtures induce synergistic t
antagonisticeffects. In some cells, antagonistic effect becawident as the level «
protective proteins increas

The prevalent factor in the present study is thgpsession of the glutathione defel
system, prior to exposure of the targets to théctoms. (onsequently, the targets we
less capable to exhibit effective defense agaihst toxicity of the various metall
species in themixture. Nevertheless, the various mixture compta@ossess differel
degrees of potency, and they behave additivelyhe cells deprived of glutathior
defense.

254

n
L

Sum of TU (Arbatray Units)

0.5 1

20 30 40 50 &0 70 80
Lethality (%)

Figure 5: Interaction indices (sum of TU) for a mape of As, Cd, Hg, and Pb in the ra
10:5:2:15 respectively at various LCs in preserfdeB&O

4Conclusions
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MCEF 7 cells are sensitive to the alteration inlthels of the GSH regardless of the metal
used for treatment.In general, there was an inergaXxicity of the individual metals in
GHS-depleted cells. However, effect of GSH depietia the metals toxicity was metal
selective, as As and Hg, appeared to be highlgtetative to Cd, and Pb. In the
composite mixture, As and Hg, contributed most equaally to the toxicity.Along the
various levels of response tested, the interaetifexts of the four metals acting
simultaneously on GSH-depleted cellswas found tadubtive.

What is not known from this study is the effectletreasing level of GSH on the level of
MT and its influence on the metal toxicity. Our hesork will profile level of MT in
GSH-suppressed cells and how the varying level ol affect the toxicity of the
metals. It will also be important to understand éffect of the c elimination of the
various metals on the toxicity and interactionad temaining components in the
composite mixture.
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