HOKKAIDO UNIVERSITY

Title Aspartame-induced apoptosis in PC12 cells
Author (s) Horio, Yukari; Sun, Yongkun; Liu, Chuang et al.
Citation Environmental Toxicology and Pharmacology, 37(1), 158-165

https://doi.org/10.1016/j.etap.2013. 11,021

Issue Date 2014-01
Doc URL https://hdl. handle.net/2115/54098
Type journal article
File Information Hor ioETAP-R1. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Aspartame-induced apoptosis in PC12 cells

Yukari Horid", Yongkun Suh Chuang Lid, Takeshi Saitband Masaaki Kurasaki”

- Environmental Adaptation Science, Division of Eevimental Science Development,
Graduate School of Environmental Science, Hokkaéldversity, Sapporo 060-0810,
Japan

% Laboratory of Environmental Health Sciences, fgaf Health Sciences, Hokkaido
University, Sapporo 060-0812, Japan

3 Group of Environmental Adaptation Science, FacaftEnvironmental Earth Science,

Hokkaido University, Sapporo 060-0810, Japan

Running title: Aspartame-induced apoptosis

*:Address correspondence to:

Dr. Masaaki KURASAKI,

Group of Environmental Adaptation Science, Facaftiznvironmental Earth Science,
Hokkaido University, Sapporo 060-0810, Japan;

Phone: +81-11-706-2243, Fax: +81-11-706-4864; B:kuma@ees.hokudai.ac.jp



Abstract Aspartame is an artificial sweetner added to mawy-dalorie foods. The
safety of aspartame remains controversial evengtihhdhere are many studies on its
risks. In this study, to understand the physiological @feof trace amounts of artificial
sweetners on cells, the effects of aspartame optagis were investigated using a
PC12 cell system. In addition, the mechanism ofptgsis induced by aspartame in
PC12 cells and effects on apoptotic factors suchysschrome c, apoptosis-inducing
factor, and caspase family proteins were studiedidstern blotting and RT-PCR.
Aspartame-induced apoptosis in PC12 cells in a-dependent manner. In addition,
aspartame exposure increased the expressions pdsess8 and 9 and cytochrome c.
These results indicate that aspartame induces @gspmainly via mitochondrial

pathway involved in apoptosis due to oxigen toyicit
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1. Introduction

Chemical engineering has lead to the developmeattiiicial sweeteners, which are
used as alternatives to sugar. Aspartame consists amino acids in addition to
methanol, i.e., aspartic acid and phenylalaninee Tmerican Food and Drug
Administration and the European Food Safety Autlioeistablished acceptable daily
intake levels of 50 and 40 mg aspartame/(kg bwsdesgpectively. The LD50 of
aspartame in mice and rats is >5 g/kg (KotsonisHyjetle, 1996). Aspartame is used in
low-calorie soft drinks, foods, and sweeteners bseaspartame is approximately 200
times sweeter than sugar. Aspartame is a low eatmption for people who should or
need to limit their sugar intake. Furthermore, kmlisugar, aspartame does not
contribute to tooth decay. Aspartame is currentigduin over 6,000 products in over
120 countries worldwide. As aspartame is an adifisweetener used in food products,
many safety tests have been carried out. IshiiX19&ported that aspartame does not
cause brain cancer in rats. Butchko et al. (2082ewed studies regarding the safety of
aspartame and concluded that it is safe. HowevkreyOet al. (1996) reported that
aspartame might be associated with an increasatkimze of brain tumors. Gurney et al.
(1997) have reported that aspartame consumptiomlaed to brain tumor risk in
children. In addition, aspartame is reported tosealeukemia (Soffritti et al., 2005;
2006; 2007) as well as liver and lung cancers (Bo#t al., 2010) Furthermore risk of
lymphoma and leukemia in peoples who drinking lighverages added with artificial
sweetener such as aspartame had been reportedn{Samener et al., 2012Therefore,
the safety of aspartame remains controversial.

Thus far, animal experiments have been carriedtoutssess the risks of food

additives on biological systemisong term bioassays using experimental animals have



been the gold standard of the last 40 years inrdodassess the toxicity/carcinogenicity
of chemical agentddowever,unfortunately thesexperiments require large amounts of
resources and time to understand the effects aidaitive. The risks associated with
trace amounts of chemicals calsobe predicted from dose-response experimesitsy
invitro systembecause the toxicitig difficult to beinvestigated using trace amounts in
animal experiments.

The present study aimed to clarify whether traceowams of aspartame affects
organisms; a cultured cell system was used. PCl®, cat adrenal pheochromocytoma
cells, induce apoptosis by removing the serum fritr@ whole culture medium;
moreover, apoptotic PC12 cells exhibit DNA fragnatioin (Batistatou and Greene,
1991; 1993). When electrophoresis is performed quddNA from cell-induced
apoptosis, a ladder pattern due to DNA fragmentbierved. Thus, PC12 cells are a
very useful model for studying the mechanisms & thduction and inhibition of
apoptosis (Maroto and Perez-Polo, 1997; Gollapndi@blinger, 1999).

Apoptosis is a physiological cell-death mechanisommonly associated with
programmed events, including morphological and léocical changes, which are
necessary for the differentiation and developmémirgans and organisms (Maroto and
Perez-Polo, 1997). There are 2 major apoptotic weyh in cells: the death
receptor-mediated pathway (Schmitz et al., 2000Bi&& et al.,, 2010) and the
mitochondria-mediated pathway (Cheng et al., 2008preover, the mitochondrial
pathway can be divided into caspase-dependentasphse-independent pathways. The
mitochondrial caspase-dependent pathway is regutatenembers of the Bcl-2 family,
which have either anti-apoptotic (e.g., Bcl-2) ap-apoptotic (e.g., Bax and Bad)

properties (Tsujimoto and Shimizu, 2000; Adams &adly, 2001). The pro-apoptotic



proteins of the Bcl-2 family execute their functiom the mitochondria (Adams and
Cory, 2001). After apoptotic stimuli, the pro-apofat proteins trigger the release of
cytochrome c¢ from mitochondria, which accelerathe fctivation of caspase 9,
ultimately leading to cell death (Emerit et al., 02) On the other hand,
apoptosis-inducing factor (AIF) is released fromtanihondria when cells experience
serious oxidative stress (Natarajan and Becker22GMIF was the first mitochondrial
protein shown to mediate cell death without theolmement of caspases (Susin et al.,
1996; 1999). AIF translocates to the nucleus amirots nuclear functions such as
chromatin condensation and large-scale DNA degi@uébusin et al., 1996).

We developed a novel risk evaluation method focdrahemical substances in
organisms in our laboratory using a PC12 cell sys{&amanoshita et al., 2000).
Kawakami et al. (2008) demonstrated the mechantsapaptosis induced by copper in
PC12 cells. Nonylphenol, an endocrine disruptenaeces apoptosis (Aoki et al., 2004).
However, little is known about the effects of aspare on apoptosis. Therefore, we
aimed to establish a system for evaluating traceusums of aspartame, a food additive
using the PC12 cell system. First, the cell toyiot PC12 cells exposed to aspartame is
measured by trypan blue exclusion and lactate delgtiase (LDH) assays. Then, to
confirm whether aspartame influences apoptosis, Bidgmentation analyses in PC12
cells were carried out. Thus, in this study changesapoptotic factors such as
cytochrome c, AlF, and caspases in PC12 cells eéxptuisaspartame were measured by

western blotting and RT-PCR to clarify the apomt@athway induced by aspartame.

2. Materials and Methods

2.1 Materials



PC12 cells were purchased from the American Typéu€u Collection (USA and
Canada). Dulbecco’'s modified Eagle’s medium (DMEMjibonuclease A,
streptavidin-conjugated peroxidase, peroxidaseugaiged avidin, ethidium bromide
and o-phenylenediamine dihydrochloride were obthinem Sigma-Aldrich (St. Louis,
MO, USA). Aspartame was obtained from Tokyo Chemiodustry (Tokyo, Japan).
Terminal deoxynucleotidyl transferase (TdT) wasaot®d from Toyobo (Osaka, Japan).
The monoclonal antibody against cytochrome c¢ artdotyome ¢ Release Apoptosis
Assay kit were from Calbiochem (Darmstadt, Germanihe polyclonal antibody
against AIF was from BD Biosciences Pharmingen (Sase, CA, USA). The
biotinylated donkey anti-rabbit immunoglobulin, tiylated goat anti-mouse
immunoglobulin, and ECL western blotting detecti@agent were from Amersham
Pharmacia Biotech (Buckinghamshire, England). Fdtatine serum (FBS) was
purchased from HyClone (Rockville, MD, USA). The $tal RNA isolation system,
non-radioactive cytotoxicity assay kit, RT-PCR lgt< loading dye, and DNA markers
were from Promega (Madison, WI, USA). The high pRfeR template preparation Kit,
biotin-16-2’-deoxy-uridine-5’-triphosphate, protase K, and blocking reagent were
from Roche Diagnostics (Mannheim, Germany). Tryphre stain solution (0.5%) was
purchased from Nacalai Tesque (Kyoto, Japan). Othemicals were of analytical

regent grade.

2.2. Cdl culture

PC12 cells were maintained in DMEM supplementech ii®% FBS in a humidified

incubator at 37°C with 5% GOThe cells were preincubated in 25%dtasks overnight,



and the medium was then replaced with DMEM withautvith various concentrations

of aspartame. Aspartame was resolved in waterepgoe as each concentration.

2.3. Cdl viability

Cell viability was measured using the trypan blxelgsion assay. PC12 cells were
incubated in the medium with O+8/mL aspartame for 72 h. After cultivation, thelsel
were stained with 0.25% trypan blue solution in ggiwte-buffered saline (PBS). The
total number of cells and trypan blue-stained celése counted. Cell viability was
expressed as the percentage relative to the tethinaumber. Each experiment was

repeated at least 3 times, and triplicate sampée wounted for each condition.

2.4. Cytotoxicity assay

The cytotoxicity of aspartame was estimated usimgraradioactive cytotoxicity assay
kit on the basis of the activity of LDH, which wesdeased from the dead cells into the
medium. Aliquots of the cultured PC12 media contgr0—8 ug/mL aspartame were
collected and transferred to multi-titer platesb&tate mixture containing tetrazolium
salts was added, and the cells were incubated %dn.0rhe absorbance of formazan dye
was measured at 495 nm by a Micro Plate Reader Inddie (Bio-Rad, USA). The
cytotoxicity of aspartame was expressed as theifyctelative to that of the control

medium.

2.5. I solation of genomic DNA from PC12 cells



PC12 cells were cultured in the medium containir@ Qg/mL aspartame for 72 h.
After incubation with aspartame, the cells werevhated using a scraper. The harvested
cells were washed with 3 mL PBS. Genomic DNA wataited using a high pure PCR
template preparation kit according to the manufaets! instructions. Finally, 50QL
ethanol and 2L 3 M NaOAc buffer (pH 4.5) were added for ethapogcipitation,

and the solution was allowed to stand overnighbain temperature.

2.6. Genomic DNA electrophoresis

The ladder pattern of DNA was analyzed by agar@teslgctrophoresis. To adjust the
DNA concentration, the absorbance of genomic DN&mMfrPC12 cells at 280 nm
resolved in 8QuL Tris-borate buffer (pH 9.0) including 1 mM EDTAX TBE), was
measured with a Personal Spectrum Monitor (GenentRi, GE, USA). To adjust all
samples to the same DNA concentration, 1x TBE wdde@d to all samples.
Approximately 5ug DNA with loading dye was subjected for electromsis on 1.5%
agarose gel. Electrophoresis was carried out fan#0Dat 100 V with a submarine-type
electrophoresis system (Mupid-ex, ADVANCE, Tokyapdn). The electrophoresed gel
was then soaked in ethidium bromide solution fordib in a darkroom. A photograph
of the agarose gel was subsequently taken to detertne cell death situation under

UV illumination with a ChemiDoc XRS (Bio-Rad, USA).

2.7. Quantification of DNA fragmentation in PC12 cells using the TdT-mediated
dUTP-biotin nick end labeling (TUNEL) method
After cultivating the PC12 cells in media contamif—8 ug/mL aspartame for 72 h,

genomic DNA was isolated as described above. Thearednl DNA was resuspended in



1x TBE buffer, and equal amounts of DNA were placed 96-well plates. The DNA

fragmentation in PC12 cells was quantified usirgrtethod of Kurasaki et al. (2012).

2.8. RT-PCR

The expressions of caspase 8 and 9 mRNA were ddtesing the access RT-PCR kit
and access RT-PCR introductory kit according tortteufacturers’ instructions. The
total RNA of PC12 cells cultured in the serum/seffiuee media containing 0+48y/mL
aspartame for 72 h was prepared using the SV Rk Isolation kit. The PCR
primers of caspase 8 and 9 were synthesized aogotdi the DNA sequences of
caspase 8 and 9 described by Kawakami et al. (2008)

The PCR conditions were as follows: 48°C for 45 raimd 94°C for 2 min; The
cycles were carried out at 94°C for 30s, 60°C famih, and 68°C for 2 min. Final
extension was carried out for 7 min at 68°C. Thebers of cycles performed were 30
and 40. An annealing temperature of 60°C was usedaspases 8 and 9 (Kawakami et
al., 2008).

PCR forp-actin was chosen as an internal control. The P@Ryzts were verified
using a DNA 7500 assay with an Agilent 2100 Bio Kmar (Wilmington, DE USA)

according to the instruction manual (Kawakami gt2008).

2.9. Western blot analysis using anti-cytochrome ¢ and anti-Al F antibodies

Leaked cytochrome c and AIF from cytosol were igalausing the cytochrome c
Release Apoptosis Assay kit (Calbiochem, GermaP@j12 cells were cultured in 5 mL

DMEM with 10% FBS containing 0—8g/mL aspartame for 72 h. The cells were



subsequently harvested using a scraper. The obtaieks were then centrifuged at
1,800 rpm for 5 min to remove the supernatant. TA@mmL ice-cold PBS was added,
and the mixture was centrifuged again at 1,800 fpm5 min. After removing the
supernatants, the cells were resuspended in &0Cytosol Extraction Buffer Mix
(1xCytosol Extraction Buffer, 500x Protease InlobiCocktail and 1 M dithiothreitol).
The mixture was allowed to stand on ice for 10 naimgl the cells were then disrupted
by specified glassware. To remove the unbrokerscéike lysed cells were centrifuged
at 3,000 rpm for 5 min. The supernatant was traredfleinto a 1.5-mL tube and
centrifuged at 11,000 rpm for 30 min. The final eugatant was collected as the

cytochrome c fraction.

The prepared fractions mentioned above were seuhray polyacrylamide gel
electrophoresis (Laemmli, 1970). The electrophatepeoteins were transferred to
nitrocellulose membranes using a semidry blottiygtesn (Type-AE6678; ATTO,
Japan). The protein band responded to using antib@s detected according to the
methods of Sun et al. (2012). In briefly, the meam@s were incubated overnight at 4°C
in blocking reagent. The membranes were then irtedbdor 90 min at room
temperature with primary antibodies (dilution, 1020The membranes were washed 3
times and incubated for 1 h at room temperaturd wé&condary antibody (dilution,
1:200). Finally, streptavidin-conjugated peroxida@bluted 1:400 with the same
blocking buffer) was added, and the membrane wasbiaied for 1 h at room
temperature. Protein bands were detected with hareed chemiluminescence system.

The image of the detected bands was analyzed @iegiDoc XRS (Bio-Rad, USA).



210. Satigtical analysis

All values are expressed as mean = SEM. Statishcalyses were performed by

one-way analysis of variance, followed by Fishéss.

3. Results

3.1. Cdll viability and LDH activity
To examine whether aspartame affects cells, cabily was measured by trypan blue
staining after PC12 cells were exposed to @g/8nL aspartame for 72 h.

As shown in Fig. 1A, the viability of the cells twled in media containing
aspartame decreased in a concentration-dependaememeCell viability decreased
significantly after exposure to xlg/mL aspartame.

In addition, to reconfirm the cytotoxicity causeg bspartame using trypan blue
staining, the LDH activity in the cultured mediasvaeasured; dead cells released LDH
into the medium (Fig. 1B).

The cytotoxicity of aspartame was corroborated bg tesults regarding LDH
activity. As shown in Fig. 1B, the LDH releasedrfrdhe cells exposed to >0.00d/mL
aspartame was significantly greater than that efdbntrol cells. These results indicate

that aspartame exhibits cell toxicity at low cortcatons.

3.1. Detection of DNA fragmentation by agarose gel electrophoresis
To investigate whether aspartame induces apoptitssDNA fragmentation of PC12
cells cultured in media containing O+8/mL aspartame was observed (Fig. 2). The

morphological characteristics of apoptosis areuesrly accompanied by the cleavage
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of DNA into 180-200-bp fragments. These oligonustenal-sized fragments can be
visualized as a characteristic DNA ladder followiagarose gel electrophoresis
(Woodgate et al., 1999).

The DNA ladder pattern was observed in the cellsuced in the serum media
containing >1 ng/mL aspartame (Fig. 2). Furthermore the basis of the photograph
the DNA ladder increased with increasing aspartame concentration-dependent

manner. These results indicate that aspartaméiitsieiced apoptosis.

3.2 Quantification of DNA damage using the TUNEL method

DNA is fragmented by the action of endonucleasé®e TUNEL method specifically
labels the DNA ends generated by endonucleasegitadiGollapudi and Oblinger,
1999). The DNA ladder can be quantified using théNEL method to evaluate the
degree of apoptosis in cells.

As shown in Fig. 3, the TUNEL signals increasecdhigigantly in the cells cultured in
the media containing >0.0Qidg/mL aspartame. These results indicate that the HIUN
signal profiles are concordant with the DNA eleptroresis photographs of cells treated
with aspartame (Fig. 2) and that the resultant DidAage is dependent on the degree

of apoptosis.

3.3. Analysis of expression of caspase MRNAs by RT-PCR

To investigate the mechanism of aspartame-indupegtasis, the changes of apoptotic
factors in PC12 cells treated with aspartame warasured. The expressions of caspase
8 and 9 mRNA in the PC12 cells that were culturethe serum media containing 0-8

ug/mL aspartame for 72 h were detected by RT-PCR @i
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As shown in Fig. 4A, caspase 8 mRNA increased agmtly in the PC12 cells
cultured in the serum media with ig/mL aspartame as compared to that in the
controls. Caspase 9 mRNA also increased significantthe cells exposed to >0.01
pug/mL aspartame (Fig. 4B).

These results indicated that aspartame inducedt@gispnainly via mitochondrial

pathway

3.4. Expressions of cytochrome c and Al F detected by western blotting

To investigate whether cytochrome c¢ and AIF areolwed in aspartame-induced
apoptosis, western blot analyses of the lysis ofZ€ells cultured in serum medium
containing aspartame were performed using antilsodgainst cytochrome ¢ or AlF
(Fig. 5).

Apoptosis is induced by the release of cytochronfeom mitochondria into the
cytosol (Liu et al., 1996). As shown in Fig. S5Ateaftreatment with 0.001—lg/mL
aspartame, the cytochrome c contents in the cytadolPC12 cells increased
significantly as compared to that in the contrdlsce

As shown in Fig. 5B, the AIF contents were sligighgater in the cells cultured in
media containing 0.001+ig/mL aspartame than that in the control cells; haxethe
difference was not significant. These results iathcthat apoptosis induced by

aspartame mainly depends upon the releasing otleydgme c.

4. Discussion

The present results confirm that aspartame indageptosis in PC12 cells. This finding

is corroborated by the results regarding DNA etgatoresis (Fig. 2) and TUNEL
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signals (Fig. 3). At first, release of cytochrom&am the mitochondria into cytoplasm
(Fig. 5) induces expression of caspase 9 (Fig. 4Bgn increases of the expression
triggered the apoptosis. Of course, expressiontlaérocaspace (caspace 8) was also
increased (Fig. 4A). The aspartame may give meligblects on the cells.

Aspartame is widely used as an artificial sweetemerdow-calorie foods and
low-calorie soft drinks. Although many tests on defety and toxicity of aspartame
have been performed, the results are conflictigg fbxicity of a substance is based on
the premise that toxicity increases in a dose-dégenmanner. Thus, it is not surprising
that markedly high doses of aspartame induce dalate effects in sensitive animal
species. The critical question is whether aspartanpetentially harmful at common or
abuse usage levels (Stegink et al., 1988). Thedinslence of a carcinogenetic effect of
aspartame in an animal model was reported by 8ofét al. (2006). The long-term
carcinogenicity of aspartame was demonstrated usibgassay at a dose close to the
human ADI (40 mg/[kg bvday]). Recently, Abdel-Salam et al. (2012) repotteat the
administration of aspartame alone or in the presaica mild systemic inflammatory
response increases oxidative stress and inflammatithe brain. If aspartame is related
to the production of oxidative stress, it may hthe potential to induce apoptosis.

In this study, to evaluate the physiological efect trace amounts (048y/mL) of
aspartame on cells, the effects of aspartame optagie were investigated using a
PC12 cell system. As shown in Fig. 1, aspartanadf itsduced cytotoxicity. In addition,
>1 ng/mL aspartame induced DNA fragmentation duagoptosis in the PC12 cells
(Figs. 2 and 3). The present results show thatrespa itself induced apoptosis in
PC12 cells. Some chemical substances enhance amopitduced by serum deprivation

in PC12 cells (Aoki et al., 2004). In addition, Ksu and Gunji (2007) reported that
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aspartame concentration in beverage was 40uf@®l. The aspartame concentration
which induced DNA fragmentation in this study wdmat 1/40,000 of beverage. Of
course, precise toxicity has still been unclearcabse there is a possibility that
aspartame might induce apoptosis in undiffererdiatdls having malignancy.

Apoptosis can be triggered by signals arising frdine activation of death
receptor-mediated (extrinsic) or mitochondrial-naeld (intrinsic) signaling pathways.
Extrinsic apoptotic signaling involves the actieati of cell surface death receptors
belonging to the protein family of tumor necrosa&tbr receptors (e.g., Fas) (Itoh and
Nagata, 1993). The binding of Fas receptor wittcdgnate ligand, FasL, can result in
activation of caspase 8, activating downstreancaifecaspases (e.g., caspases 3, 6, and
7), resulting in apoptosis (Boldin et al., 1995;ii@aiyan et al., 1995; Varfolomeev et
al., 1998). On the other hand, the intrinsic aptpteathway is regulated by members
of the Bcl-2 protein family, which can be divideata anti-apoptotic (e.g., Bcl-2) and
pro-apoptotic (e.g., Bax and Bad) proteins. Bchéhily members play a central role in
regulating changes in mitochondrial membrane pebitiga(Adams and Cory, 1998;
Gross et al., 1998; Shimizu et al., 1999; Chipu#t @reen, 2008). After an apoptotic
stimulus, the pro-apoptotic proteins trigger thiease of cytochrome ¢ and AIF from
mitochondria (Green, D. R. and Reed, 1999). Cytmtiar c accelerates the activation of
caspase 9, initiating a downstream caspase casehibd, ultimately leads to cell death.
AIF induces apoptosis via a caspase-independeimivagitwhen cells experience serious
oxidative stress.

The present results confirm that aspartame indagegptosis in PC12 cells. To
determine the apoptotic pathway initiated by aspae treatment, the changes in

caspase 8 (the initiator caspase associated wéth deceptor apoptotic signaling) and

14



caspase 9 (the initiator caspase associated withchandrial apoptotic signaling) in
PC12 cells treated with aspartame were analyzeRTByCR. As shown in Fig. 4A, the
expression level of caspase 8 increased significantPC12 cells treated with >1
pug/mL aspartame. In addition, the expression lev@agspase 9 increased significantly
in PC12 cells treated with 0.01+f/mL aspartame (Fig. 4B). The results indicate that
aspartame induces apoptosis mainly via mitochohgr@hways. Furthermore, one
possibility is still remaining that high concentostt aspartame may induce via death
receptor pathways. It is unclear why there aregaidame-induced apoptotic pathways.
However, it has been shown that apoptosis indugezbbalt chloride in PC12 cells was
mediated by mitochondria as well as death recepathways (Jung and Kim, 2004).
Caspase 8, which activates the pro-apoptotic Bumtepr, is the link between the
extrinsic apoptotic pathway initiated by death ptoes and the intrinsic pathway
mediated by mitochondria (Li et al., 1998). TrumchtBid is inserted into the
mitochondrial outer membrane, releasing cytochroraad resulting in the activation of
caspase 9 (Hengartner, 2000). Future studies orinteeaction between the death
receptor and mitochondrial mediated pathways areded to clarify the detailed
mechanism of aspartame-induced apoptosis.

Moreover, to confirm whether apoptosis induced dwy toncentration of aspartame,
dependent on caspase 9, was caused by the incregsedome ¢ (caspase-dependent
cell death effector) or AIF (caspase-independeltdeath effector) levels, the cellular
contents of both were measured using western bktheod. As shown in Fig. 5,
cytochrome c expression was significantly greatdPC12 cells after treatment with <1
ug/mL aspartame than that in the controls. In cattréhere was no significant

difference in AIF expression between cells treatéth and without aspartame. These
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results indicate that low concentrations of aspagtahat induce apoptosis in the
caspase-dependent pathway are involved in the seeled cytochrome c¢ from
mitochondria.

The balance between pro- and anti-apoptotic preteinthe Bcl-2 family plays a
crucial role in the release of cytochrome c. Irpoese to DNA damage, p53 is activated
and regulates gene expression (Heimbrook and Q@888); it induces the activation of
Bax and Bad as well as the suppression of Bcl-Bfec and Green, 2001). In addition,
aspartame induces reactive oxygen species (ROSugtion in mammalian cells
(Alleva et al., 2011). It is hypothesized the swsis of ROS, which is catalyzed by
aspartame, damages the DNA in PC12 cells. ThesetR&Srigger the transactivation
of p53, resulting in the activation of Bax and Bdd. this case, the activated
pro-apoptotic proteins induce the release of cytmtie ¢ from mitochondria.

Apoptosis caused by DNA damage is harmful to livimganisms. If unrepaired,
DNA damage in injured cells leads to errors dufdgA synthesis, resulting in some
mutations that can give rise to cancer. Therefanejviduals with an inherited
impairment in DNA repair capability often have acreased risk of cancer (Bernstein
et al., 2011). Sato et al. (2011) report that comicuinduces apoptosis and suppresses
cancer initiator signals

In conclusionaspartame induces apoptosis in PC12 cells. Thisctiah is thought
to occur via the increased release of cytochroméocthe cytosol via the mitochondrial
pathway. In addition, it has possibility that higbncentration of aspartame may induce
apoptosis via the death receptor pathway. Of cotoselarify the validity of toxic
mechanism and relationship of carcinogenicity fepatame, further investigation

using other cultured cells or experimental aninsleuld be investigated in detail on

16



apoptotic stage.
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Figure Legends

Fig. 1-Cell viability (A) and LDH activities in the serum media (B) of PC12 cells
cultured in media containing 0-8ug/mL aspartame for 72 h

In (A), the values were calculated using the folloing formula: (non-staining cell
number + total cell number) x 100. In (B), LDH actvities are expressed as the
activity relative to that of the serum medium withaut aspartame. PC12 cells
cultured in medium without aspartame for 72 h wereused as controls. Error bars

indicate SEM (n = 3). *P < 0.05, **P < 0.01 vs. ctrmol.

Fig. 2-Agarose gel electrophoresis of genomic DNAxteacted from PC12 cells
cultured in media for 72 h after treatment with 0—-8ug/mL aspartame
DNA from PC12 cells incubated in medium without asprtame for 72 h were used

as controls.M: ADNA digested withHindlll as DNA size marker

Fig. 3-The DNA fragmentation in PC12 cells culturedin media with 0-8 ng/mL
aspartame for 72 h was quantified using the TUNEL rathod
TUNEL signals are expressed relative to that of thecontrol cells. Error bars

indicate SEM (n = 4), *P < 0.05, **P < 0.01 vs. ctwmols.

Fig. 4-Expressions of caspase 8 (A) and caspase8Y InRNA in PC12 cells exposed
to 0-8ug/mL aspartame for 72 h quantified by RT-PCR
Expression levels of mRNA were calculated as n mbh mol g-actin (as an internal

control) and are expressed relative to that of theontrol cells. Error bars indicate
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SEM (n = 4) for caspase 8 and (n = 5) for caspase*® < 0.05 vs. controls.

Fig. 5-Representative western blot analysis of hormgenates of PC12 cells treated
with 0-1 pg/mL aspartame for 72 h against cytochrome c¢ (A) ah AIF (B)
antibodies

In each upper panel, a typical electrophoresis pattn is present. The mean staining
intensities relative to that of the control (set tal00) are shown. The data represent

the SEM (n = 4) for cytochrome c and (n = 5) for AF. *P < 0.05 vs. controls.
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