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Abstract

Phenolic compounds, a group of plant metabolites, are of considerable interest because of their
antioxidant properties. Sinapic acid, a phenolic compound, is widely distributed in various fruits and
vegetables. It is suggested to show some pharmacological effects such as antioxidant, antimicrobial, and
anticancer. However, there is not enough data about the cytotoxicity of sinapic acid; the available data
are limited. This study was aimed to assess the cytotoxic profiles of sinapic acid in a wide range of
concentrations for 18 h exposure in two different cell lines, Chinese hamster lung fibroblasts (V79) and
human cervical carcinoma (HeLa) cells using Neutral Red Uptake assay. The concentrations up to 500
uM and 2000 pM had no significant effect on V79 and HelLa cells, respectively, but the cell viabilities
decreased below 50 % at concentrations higher than 1000 uM and 5000 uM for V79 and HeLa cells,
respectively. 1Cs, values were found to be 1860 uM and 7248 uM in V79 and HeLa cells, respectively.
This study has shown that sinapic acid have no cytotoxic effects in two different cell lines except at very
high concentrations.
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SINAPIK ASITIN SITOTOKSIK OZELLIKLERININ IN VITRO
INCELENMESI

Bitki metabolitlerinin bir grubu olan fenolik bilesikler, antioksidan ézellikleri nedeniyle oldukga fazla ilgi
gormektedir. Sinapik asit fenolik bir bilesik olup cesitli meyve ve sebzelerde yaygin bulunur. Antioksidan,
antimikrobiyal, antikanser dahil pek ¢ok farmakolojik etkiler gosterebildigi belirtilmektedir. Ancak
sinapik asitin sitotoksisitesi hakkinda yeterli veri bulunmamaktadw; mevcut veriler simrlidir. Bu
calismanmin amaci iki farkli hiicre hattinda; Cin hamster akciger fibroblast (V79) ve insan serviks kanser
(HeLa) hiicreleri, sinapik asitin genis bir konsantrasyon araliginda 18 saat maruziyetinde sitotoksik
ozelliklerini notral Kirmizi alim yontemi ile degerlendirmektir. Sinapik asitin 500 uM ve 2000 uM’a kadar
olan konsantrasyonlari, sirasiyla V79 ve HelLa hiicrelerinde, anlamli bir etki gostermemistir, ancak 1000
uM ve 5000 uM iizeri konsantrasyonlarinda, sirasiyla V79 ve HeLa hiicrelerinde hiicre canliliklar:
%50 °nin altindadir. 1Csq degerleri sirasiyla V79 ve HeLa hiicreleri i¢in 1860 uM ve 7248 uM olarak
bulunmustur. Bu ¢alisma sinapik asitin iKi farkli hiicre hattinda genel olarak ¢ok yiiksek konsantrasyon
haricinde sitotoksik etkilere sahip o/madigini géstermistir.

Anahtar Kelimeler: Sinapik asit, sitotoksisite, fenolik bilesikler, neutral Kirmizi alim ydntemi, Cin
hamster akciger fibroblast hiicreleri, insan serviks kanser hiicreleri



INTRODUCTION

Phenolic compounds are a group of key plant metabolites found abundantly in fruits and
vegetables. Because of their antioxidant properties, they exhibit a wide range of physiological
properties, such as anti-allergenic, anti-atherogenic, anti-inflammatory, anti-microbial,
antioxidant, anti-thrombotic, cardioprotective and vasodilatory effects (1-3). The antioxidant
activity of phenolic compounds depends on the structure, in particular the number and the
positions of the hydroxyl groups and the nature of substitutions on the aromatic rings (4).
Phenolic compounds are present as conjugates with mono- and polysaccharides, linked to one or
more of the phenolic groups, and may also occur as functional derivatives such as esters and
methyl esters (5,6).

Hydroxycinnamic acids (HCAs) are one of the major classes of phenolic compounds (7).
Among the most common and well-known HCAs are cinnamic acid, o-coumaric acid, m-
coumaric acid, p-coumaric acid, caffeic acid, ferulic acid, and sinapic acid (8).

Sinapic acid (Cy;H120s) (3,5-dimethoxy-4-hydroxycinnamic acid) is widely distributed in
various fruits, vegetables, cereal grains, oilseed crops, some spices and medicinal plants (9). The
amount of sinapic acid in plants has a wide range such as with 0.07 to 0.14ug/g for cereal
grains, 72.1 ug/g for lemon (Citrus limon L.), 450 ug/g for strawberries (Fragaria ananassa L.)
and 1210 pg/g for dill (Anethum graveolens L.) (10-13). The maximum level of sinapic acid in
plasma after consumption of the meal has been around 40 nM, indicating the absorption occurs
mostly through the small intestine (14). The concentration of sinapic acid in human plasma after
consumption of cranberry juice was found to be 1.5 pug/mL (15).

Sinapic acid shows many pharmacological activities almost in all systems. Several in vitro
and in vivo studies have been conducted to determine the pharmacological properties such
as antioxidant, antimicrobial, anti-inflammatory, analgesic, and anticancer of sinapic acid and
to elucidate mechanism of action of this agent (9). Sinapic acid is assumed to be therapeutically
beneficial and generally not toxic. However, up to now, there is not enough data about the
cytotoxicity of sinapic acid; the available data are very limited.

The aim of this study was to determine the cytotoxic profile of sinapic acid in two different
cell lines, Chinese hamster lung fibroblasts (\V79) and human cervical carcinoma (HelLa) cells.

EXPERIMENTAL
Chemicals

The chemicals used in the experiments were purchased from the following suppliers: acetic
acid, dimethyl sulfoxide (DMSO), Dublecco’s modified Eagle’s medium (DMEM), ethanol,
methanol, ethylenediamine tetra acetic acid disodium salt dihydrate (Na,-EDTA), trypan blue,
3-amino-m-dimethylamino-2-methylphenazine hydrochloride (neutral red), penicillin-
streptomycin, sinapic acid, sodium chloride (NaCl), sodium hydroxide (NaOH) from Sigma (St.
Louis, MO, USA); fetal bovine serum (FBS), trypsin—-EDTA, RPMI 1640 medium, L-glutamin,
Dulbecco’s phosphate buffered saline (PBS) from Biological Industries (Kibbutz Beit-Haemek,
Israel); millipore filters from Millipore (Billerica, MA, USA), all other plastic materials from
Cornings (Corning Inc., NY, USA).

Cell culture

V79 (Chinese hamster lung fibroblasts cell line) and HeLa (human cervical adenocarcinom
cell line) cells were obtained from the American Type Culture Collection (ATCC; Rockville,
MD, USA). V79 cells were grown in RPMI1640 medium supplemented with 10% heat-
inactivated FBS, and 1% penicillin- streptomycin solution (10000 units of penicillin and 10 mg



of streptomycin in 0.9 % NaCl), and 2mM L-glutamin at 37°C in a humidified atmosphere of
5% CO2. HeLa cells were grown in DMEM supplemented with 10% heat-inactivated FBS, and
1% penicillin-streptomycin solution (10000 units of penicillin and 10 mg of streptomycin in 0.9
% NaCl) at 37°C in a humidified atmosphere of 5% CO2. The cells were subcultured in 75 cm?
cell culture flasks. The culture medium was changed every 3 to 4 days. The passage numbers
used in our study for both cell lines were between 6 and 10.

Determination of cytotoxicity

After growing for 2 weeks, cells were plated at 1 x 10* cells/well by adding 200 uL of a 5 x
10* cells/mL suspension to each well of a 96-well tissue culture plate and allowed to grow for
24 h before treatment. The number of cells was assessed by trypan blue dye exclusion. The
stock solution of sinapic acid was freshly prepared in PBS with 50% DMSO and filtered with
Millipore filters (0.20 pm). A working solution in the related culture medium was used. The
final DMSO concentration in medium was 0.5% (v/v). The cells were treated with sinapic acid
within a range of concentrations from 0 to 20000 uM in the culture medium for 18 h. Control
experiments were carried out with the culture medium containing 0.5% of DMSO without
sinapic acid.

The cytotoxicity of sinapic acid was carried out in V79 and HelLa cells by neutral red uptake
assay (NRU) assay following the protocols described by Virgilio et al. (16) and Saquib et al.
(17). 1t is based on the determination of the accumulated neutral red (NR) dye in the lysosomes
of viable cells.

Following the treatment, the cells were incubated for 3 h with NR dye (50 ug/mL) dissolved
in serum free medium. Cells were then washed with PBS three times. After removing any
remaining liquids from the wells, the cells were fixed with 200 puL. of NR fixative solution
(ethanol: acetic acid: water, 50:10:40, v/v/v) followed by shaking for 20 min at 600 rpm.
Absorbance of each sample was measured at 540 nm using the microplate reader (SpectraMax
M2, Molecular Devices Limited, Berkshire, UK). Cell viability was calculated as percent
survival, determined by the number of treated over control cells X 100 (% cell viability). ICs
values of sinapic acid, the concentration reducing the absorbance of treated cells by 50% with
reference to the control (untreated cells), were determined from the dose-response curves.

Statistical analysis

The statistical analysis was performed using the software programs SPSS 15.0 (SPSS,
Chicago, IL, USA). All experiments were carried out in quadriplicate. The distribution of the
data was checked for normality using the Shapiro-Wilk test. The homogeneity of the variance
was verified by the Levene test. Differences between the means of data were compared by the
one way variance analysis test and post hoc analysis of group differences was performed by
least significant difference test. The results were given as the mean + standard deviation. P
value of less than 0.05 was considered as statistically significant.

RESULTS

The cytotoxic effects of different concentrations of sinapic acid on V79 cells as measured by
the NRU assay have been shown in Figure 1. V79 cell line was chosen because of its high
sensitivity to various chemicals, high cloning efficiency, and excellent properties in colony
formation. According to the results, compared to the same concentrations of untreated cells
(control group); sinapic acid was found to have cytotoxic effects in concentrations higher than
2000 uM. A concentration dependent toxicity was observed in V79 cells after 18 h exposure to



sinapic acid.

The concentrations up to 500 uM had no significant effect on V79 cell viability during 18 h
exposure. 1Cs, value of sinapic acid in V79 cell line was found to be 1860 uM (Figure 1).
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Figure 1 Effects of sinapic acid on V79 cells viability in NRU assay.

The results were expressed as percentage of cell growth inhibition from three independent
experiments. Cell viability was plotted as percent of control (assuming data obtained from
absence of sinapic acid as 100%). NRU: neutral red uptake. Results were given as the mean +
standard deviation.* p<0.05, compared to negative control.

The cytotoxic effects of the different concentrations of sinapic acid on HeLa cells as
measured by the NRU assay has been shown in Figure 2. According to the results, compared to
the same concentrations of untreated cells (control group); sinapic acid was found to have
cytotoxic effects in concentrations higher than 5000 uM. A concentration dependent toxicity
was observed in HeLa cells after 18 h exposure to sinapic acid.

The concentrations up to 2000 uM had no effect on HeLa cell viability during 18 h exposure.
ICso value of sinapic acid in HeLa cell line was found to be 7248 uM (Figure 2).
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Figure 2 Effects of sinapic acid on HeLa cells viability in NRU assay.

The results were expressed as percentage of cell growth inhibition from three independent
experiments. Cell viability was plotted as percent of control (assuming data obtained from
absence of sinapic acid as 100%). NRU: neutral red uptake. Results were given as the mean +
standard deviation.* p<0.05, compared to negative control.

DISCUSSION

Phenolic compounds play an important role in the prevention of various degenerative
disorders or diseases related to oxidative damage due to their antioxidant properties (18). The
antioxidant activity of phenolic compounds depends on the structure, in particular the number
and the positions of the hydroxyl groups and the nature of substitutions on the aromatic rings (4-
6).

Sinapic acid is a small naturally occurring hydroxycinnamic acid derivative. It is a phenolic
compound and a member of the phenylpropanoid family, which are assumed as therapeutically
beneficial and generally not toxic. Sinapic acid is widespread in the plant kingdom (fruits,
vegetables, cereal grains, oilseed crops, and some spices and medicinal plants) and is common
in the human diet (9). However, some reports on the properties of sinapic acid showed that these
compounds might be considered for potential use as preservatives in foods, cosmetics, and in
the pharmaceutical industry (19,20).

Sinapic acid has been suggested to show antioxidant, antimicrobial, anti-inflammatory,
anticancer, and anxiolytic activity (9). On other hand, there are very few studies related to the
cytotoxicity of sinapic acid. The cytotoxicity of sinapic acid has been studied in human
neuroblastoma cells (SH-SY5Y) by MTT assay. The cells were incubated with different
concentrations of sinapic acid (0, 1, 10, and 100 ug/mL) for 24 h. The results showed that
sinapic acid did not induce cytotoxic effect on SH-SY5Y cells at the concentrations studied
(21). In an another study by Zhang et al. (22), the cytotoxic effect of sinapic acid was also tested
on human neuroblastoma (SH-SY5Y) cells at different concentrations for 24 h by using the 4-
[3-(4-lodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1, 3-benzene disulfonate (WST-1) assay.
Sinapic acid did not affect the viability of SH-SY5Y within the concentration range used (0—
20.0 uM) and the ECs, (half maximal effective concentration) of sinapic acid in this study was
found to be 1.96 + 0.23 uM. In this study, sinapic acid exhibited moderate protection against



H,O,-induced cell death in dose dependent manner. Balaji et al. (23) studied the effect of
sinapic acid on the viability of colon cancer cell lines (HT-29 and HSW480) using MTT assay
at different time point and concentrations. Sinapic acid was found to inhibit the viability of
colon cancer cell lines in a dose and time dependent manner with 1Cs, values of 138.11pg/mL
(HT-29) and 112.55 pg/mL (SW480) for 24h incubation. Janakiraman et al. (24) also
investigated the cytotoxic effect of sinapic acid (25-250 uM) for 24 and 48 hr in human
laryngeal carcinoma cell line (HEp-2) by MTT assay. The IC50 values of sinapic acid were
found to be 125.23 uM for 24 hr and 117.81 uM for 48 hr. In our study, the cytotoxic effects of
sinapic acid in HelLa cells occurred in concentrations higher than 5000 uM and ICs, value of
sinapic acid was 7248 uM for 18 treatments by NRU assay. The concentrations up to 2000 pM
had no effect on HeLa cell viability for 18 h. We suggest that Sinapic acid has different
cytotoxicity profile according to the cell type, treatment time and cytotoxicity method used.

The effectiveness of sinapic acid as pBR322 plasmid DNA-cleaving agents in the presence
of Cu®* ions was investigated. Sinapic acid was remarkably more effective at causing DNA
damage than other phenolic compounds toward human promyelocytic leukemia (HL-60) cell
proliferation. Addition of exogenous Cu®" ions resulted in dichotomy on cell viability depending
on the concentration of sinapic acid, that is, low concentrations of sinapic acid enhanced the cell
viability, and conversely, high concentrations of sinapic acid almost completely inhibited the
cell proliferation. The good correlation between the DNA damaging activity and the oxidative
potential of the sinapic acid indicates that the electron transfer between HCAs and Cu®* plays a
crucial role in the reaction (25,26).

Antiproliferative and apoptotic effects of sinapic acid was examined in human breast cancer
cells (T47D). Sinapic acid was found to be only partial inhibitor to cell growth, decreasing cell
proliferation with ICso of 7 x 107" M. It was also reported that the inhibitory and pro-apoptotic
effects of sinapic acid on tumoral proliferation might be due to its direct interaction with the aryl
hydrocarbon receptor, the nitric oxide synthase inhibition and its pro-apoptotic effect (27).

In our study, the cytotoxicity of sinapic acid using the NRU assay in V79 and HelLa cells
which are high sensitivity to various chemicals, high cloning efficiency, and excellent properties
in colony formation, was investigated. Our results demonstrated that, at the concentrations up
to 500 puM, sinapic acid had no effect on V79 cell viability during 18 h exposure but at
concentrations higher than 1000 uM, the cell viability decreased below 50 % and ICs, value of
sinapic acid in V79 cell line was found to be 1860 uM.. At the concentrations up to 2000 uM,
sinapic acid had no effect on HeLa cell viability during 18 h exposure but at concentrations
higher than 5000 uM, the cell viability decreased below 50 %. ICsq Value of sinapic acid in
HeLa cell line was found to be 7248 uM.

CONCLUSION

In conclusion, the results of this study suggest that sinapic acid might have different
cytotoxic effects in different cell lines in a dose dependent manner, but in general it is shown
that sinapic acid has no cytotoxic effects in the studied cell lines except at very high
concentrations. Havig many useful pharmacological properties of sinapic acid, it must be
considered that sinapic acid may have different cytotoxic effects on different cell lines.
Therefore the further in vitro and in vivo studies should be performed to bring out the
toxic/beneficial effects of sinapic acid and its derivatives for safety uses.

ACKNOWLEDGEMENT

The authors declare that there are no conflicts of interest. This study was funded in part by a
grant from Hacettepe University Research Fund (contract grant number: 014 D11 301 002).



REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Benavente-Garcia O, Castillo J, Marin FR, Ortufio A, Del Rio JA, Uses and properties of
citrus flavonoids, J Agric Food Chem 45(12), 4505-4515, 1997.

Manach C, Mazur A,Scalbert A. Polyphenols and prevention of cardiovascular diseases.
Curr Opin Lipidol 16(1), 77-84, 2005.

Middleton E, Kandaswami C,Theoharides TC, The effects of plant flavonoids on
mammalian cells: implications for inflammation, heart disease, and cancer. Pharmacol
Rev 52(4), 673-751, 2000.

Balasundram N, Sundram K,Samman S, Phenolic compounds in plants and agri-industrial
by-products: Antioxidant activity, occurrence, and potential uses, Food Chem 99(1), 191
203, 2006.

Grayer RJ, Flavanoids, In: Methods in Plant Biochemistry, Volume 1, Ed(s): P.M. Dey,
J.B. Harborne, pp 283-323, Academic Press Ltd., London, 1989.

Harborne JB, Baxter H, Moss GP (Eds.), In: Phytochemical Dictionary: a Handbook of
Bioactive Compounds from Plants (2nd ed.), pp: 1-28, Taylor & Francis, London,1999.

Mglgaard P, Ravn H, Evolutionary aspects of caffeoyl ester distribution in dicotyledons.
Phytochemistry, 27(8), 2411-2421, 1988.

El-Seedi HR, El-Said AM, Khalifa SA, Goransson U, Bohlin L, Borg-Karlson AK,
Verpoorte R, Biosynthesis, natural sources, dietary intake, pharmacokinetic properties,
and biological activities of hydroxycinnamic acids, J Agric Food Chem 60(44), 10877—
10895, 2012.

Niciforovi¢ N, Abramovi¢ H, Sinapic acid and its derivatives: Natural sources and
bioactivity. Compr Rev Food Sci Food Safety 13(1), 34-51, 2014.
http://dx.doi.org/10.1111/1541-4337.12041

Wang Y-C, Chuang Y-C, Ku Y-H, Quantitation of bioactive compounds in citrus fruits
cultivated in Taiwan. Food Chem 102(4), 1163-1171, 2007.

Russell WR., Labat A, Scobbie L, Duncan GJ, Duthie GG, Phenolic acid content of fruits
commonly consumed and locally produced in Scotland. Food Chem 115(1), 100-104,
20009.

Zuo Y, Wang C, Zhan J, Separation, characterization, and quantitation of benzoic and
phenolic antioxidants in American cranberry fruit by GC-MS, J Agric Food Chem 50(13),
3789-3794, 2002;

Andreasen MF, Christensen LP, Meyer AS, Hansen A. Content of phenolic acids and
ferulic acid dehydrodimers in 17 Rye (Secale ¢ ereale L.) Varieties. J Agric Food Chem
48(7), 2837-2842, 2000.

Kern SM, Bennett RN, Mellon FA, Kroon PA,Garcia-Conesa M-T, Absorption of
hydroxycinnamates in humans after high-bran cereal consumption. J Agric Food Chem
51(20), 60506055, 2003.

Zhang K, Zuo Y, GC-MS determination of flavonoids and phenolic and benzoic acids in
human plasma after consumption of cranberry juice, J Agric Food Chem 52(2), 222-227,
2004.

Virgilio AL, Iwami K, Witjen W, Kahl R, Degen GH, Genotoxicity of the isoflavones
genistein, daidzein and equol in V79 cells, Toxicol Lett 151 (1), 151-162, 2004.



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Saquib Q, Al-Khedhairy AA, Siddiqui MA, Abou-Tarboush FM, Azam A, Musarrat J,
Titanium dioxide nanoparticles induced cytotoxicity, oxidative stress and DNA damage
in human amnion epithelial (WISH) cells, Toxicol in Vitro 26(2), 351-361, 2012.

Tarko T, Duda-Chodak A, Zajac N, Digestion and absorption of phenolic compounds
assessed by in vitro simulation methods, A review, Roczniki Panstwowego Zaktadu
Higieny, 64 (2), 79-84, 2013.

Vuorela S, Meyer AS, Heinonen M, Impact of isolation method on the antioxidant
activity of rapeseed meal phenolics, J Agric Food Chem, 52 (26), 8202-8207, 2004.

Thiyam U, Stockmann H, Schwarz K, Antioxidant activity of rapeseed phenolics and
their interactions with tocopherols during lipid oxidation, Journal of the American Oil
Chemists' Society, 83 (6), 523-528, 2006.

Kim YO, Lee SW, Oh MS, Lee HJ, Effects of sinapic acid of 4 vessel occlusion model-
induced ischemia and cognitive impairments in the rat, Clin Psychopharmacol Neurosci
9(2), 86-90, 2011.

Zhang J, Melton LD, Adaim A,Skinner MA, Cytoprotective effects of polyphenolics on
H202-induced cell death in SH-SY5Y cells in relation to their antioxidant activities, Eur
Food Res Technol 228(1), 123-131, 2008.

Janakiraman K, Suresh Kathiresan S, Mariadoss AV, Influence of sinapic acid on
induction of apoptosis in human laryngeal carcinoma cell line, Int J Modern Res Rev
2(5), 165-170, 2014.

Balaji C, Muthukumaran J, Vinothkumar R, Nalini N, Anticancer Effects of Sinapic Acid
on Human Colon Cancer Cell Lines HT-29 and SW480, Int J Pharm Biol Arch, 5(3), 176
—183, 2014.

Fan GJ, Jin XL, Qian YP, Wang Q, Yang RT, Dai F, Tang JJ, Shang YJ, Cheng LX,
Yang J, Zhou B, Hydroxycinnamic acids as DNA-cleaving agents in the presence of
Cu(ll) ions:mechanism, structure-activity relationship, and biological implications,
Chemistry 15 (46), 12889-12899, 2009.

Zheng L-F, Dai F, Zhou B, Yang L, Liu Z-L, Prooxidant activity of hydroxycinnamic
acids on DNA damage in the presence of Cu (Il) ions: mechanism and structure—activity
relationship, Food Chem Toxicol 46 (1), 149-156, 2008.

Kampa M, Alexaki VI, Notas G, Nifli AP, Nistikaki A, Hatzoglou A, Bakogeorgou E,
Kouimtzoglou E, Blekas G, Boskou D, Gravanis A, Castanas E, Antiproliferative and
apoptotic effects of selective phenolic acids on T47D human breast cancer cells: potential
mechanisms of action, Breast Cancer Res 6(2), R63-74, 2004.



