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Cytotoxicity of carnosine, taxifolin, linalool
and their combinations with acids to the cells
of human cervical carcinoma (HeLa)
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Little information is available regarding possible synergistic or
antagonistic biochemical interactions among different bioactive
substances. The objective of this study was to investigate interac-
tions between flavonoid (taxifolin, TXF), essential oil (linalool,
LN), dipeptide (carnosine, CAR), vitamin (ascorbic acid, AA),
lactic acid (LA), and their mixtures on cell apoptosis and pro-
liferation-related variables in the human cervical cancer HeLa
cells. The effect of the bioactive components on the viability of
cultured cells was determined using the MTT assay, and the in-
direct quantification of cell death was determined with crystal
violet dye. Using the MTT method, we found that LA (0.4 puM,
0.2 uM and 0.1 uM), TXF (1.0 mM, 0.5 mM and 0.3 mM) and
CAR (50.0 mM, 25.0 mM and 13.0 mM) induced acute cytotoxic
effects of HeLa cells after 24 h of treatment (P < 0.05). The com-
bination of the three compounds mixture (TXF, CAR and AA
or LA) resulted in a significant lower percentage of cells number
than the cells treated with that’s substances alone in different con-
centrations (P < 0.05). Our study demonstrated that combination
treatment with CAR+TXF and addition of acids is able to induce
intracellular acidification in cells, and to inhibit the viability of
the cancer HeLa cells.
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INTRODUCTION

considerably prolong life. Improving the patient’s

Cancer is the second leading cause of death glob-
ally, and was responsible for 8.8 million deaths in
2015. Globally, nearly one in six deaths is due to
cancer. Determining the goals of treatment and
palliative care is an important first step, and health
services should be integrated and people-centred.
The primary goal is generally to cure cancer or to

* Corresponding author. Email: anita.rokaityte@lsmuni.lt

quality of life is also an important goal (World
Health Organization, 2017). Many types of can-
cer are effectively treated with chemotherapy.
However, high toxic effects of chemotherapeutic
drugs causing a severe reduction in quality of life
are still formidable problems in clinical medicine
(Rein, Kurbacher, 2001). Therefore, it is important
to develop novel potent, but low toxic anti-cancer
reagents, including natural products.
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Multidrug treatments are increasingly im-
portant in medicine and for probing biologi-
cal systems. As a result, combination therapy
is becoming an increasingly important treat-
ment strategy because multidrug can maximize
the therapeutic effect and overcome potential
mechanisms of drug resistance as they can
modulate different signaling pathways in can-
cer cells (Qi et al,, 2016; Xu et al., 2015; Mor-
ton et al., 2014; Lee et al., 2014). When used
alone, flavonoids and other antioxidants could
produce beneficial, detrimental, or insignificant
effects in cancer patients, while if they are com-
bined with other anticancer compounds (i.e.,
natural compounds or chemotherapy drugs),
their effects are more likely to be beneficial or
at least not harmful (Boik, 2001).

In this study, we selected for investigating
the anticancer effect of such different sub-
stances as flavonoid (taxifolin, TXF), essential
oil (linalool, LN), dipeptide (carnosine, CAR),
vitamin (ascorbic acid, AA), lactic acid (LA),
and their mixtures in the cells of human cervi-
cal cancer HeLa. Published articles reveal that
all these chosen substances are capable of in-
hibiting the growth of cancer cells in vitro and
in vivo (Bao et al.,, 2018; Chang et al., 2015;
Jana et al., 2014; Xia et al., 2014; Russo et al,,
2013; Horii et al., 2012; Clere et al., 2011).
However, many studies focus on interactions
between specific substances; little is known
about the system properties of the combina-
tion of these substances. Two or three sub-
stances may have no interaction, or they may
interact synergistically or antagonistically to
increase or suppress their individual effects. In
this study, acid was chosen because the result-
ing acidification of the cytosol may create op-
timal conditions for massive activation of pro-
tease and other very dangerous lytic enzymes,
thus leading to cell death through a sort of
auto digestion (Fais et al., 2007). Besides, na-
notechnology data identified peptides able to
selectively insert into the membrane of cancer
cells only at acidic pH (Andreev et al., 2007).
Also the location of flavonoids inside mem-
branes depends strongly on pH, the lower
the pH, the lower the deprotonation state and

the deeper the penetration (Ko$inova et al.,
2012; Movileanu et al., 2000).

The presence of multiple components in
the mixtures increased the complexity of
the screening assay involving cell culture tech-
nique. This study was thus conducted to deter-
mine the cytotoxic effect of different kinds of
substances and their mixtures on HeLa cells by
different methods.

MATERIALS AND METHODS

Preparation of bioactive component solu-
tions. TXF (=85.0%), LN (97.0%), CAR (99.0%),
AA (299.0%) and LA (50.0%), were purchased
from Sigma- Aldrich Chemie GmbH (Steinheim,
Germany) and kept at 4°C, except CAR, which
was kept at -20°C. TXF (from 1.0 to 0.07 M)
and CAR (from 50.0 to 3.0 mM) were dissolved
in dimethylsulfoxide (DMSO) (Sigma-Aldrich,
Germany) and diluted in the Minimal Essential
medium (MEM) with sodium bicarbonate and
L-glutamine (Sigma-Aldrich, Germany). Mean-
while, LIN (from 0.4 to 0.03 uM), AA (from 20.0
to 1.3 mM) and LA (from 0.4 to 0.03 uM) were
only diluted in the cell culture medium.

The stock solutions were filtered under
aseptic conditions through 0.22 pym Q-MAX"®
Syringe Filter (Denmark) and stored at —-20°C
prior to use. Before test, the stock solutions
were kept in dark at room temperature.

HeLa cells. Human Cervical Carcinoma
(HeLa) cells were obtained from the Institute
of Cardiology at the Lithuanian University of
Health Sciences (Lithuania). The cells were cul-
tivated in MEM with sodium bicarbonate and
L-glutamine supplemented with 10.0% FCS
(foetal calf serum) (Sigma-Aldrich, Germany)
and 1.0% penicillin (100.0 U/ml)/streptomy-
cin (100.0 pg/mL) (Sigma-Aldrich, Germany).
The cells were maintained as monolayer in
75 cm? cell culture flasks (TPP, Sweden) in an
incubator at 37°C and 98.0% relative humidity,
in an atmosphere of 5.0% CO,. The cells were
subcultured twice weekly with 0.025% trypsin/
EDTA in phosphate-buffered saline (PBS) (Sig-
ma-Aldrich, Germany) with a seeding density
of 4 x 10° cells/mL.
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Cell viability assay. Single cell suspen-
sion was counted using a Neubauer hemocy-
tometer (Neubauer improved, Heinz Herenz
Medizinalbedarf, Germany) and resuspended
to 2.5 x 10°-3.0 x 10° cells/mL. A volume of
100.0 uL of the cell suspension was added to
each well of 96-well microtiter plate (TPP, Swe-
den) and incubated for 24 h. After incubation,
50.0 pL of the stock solution was incubated
with HeLa cells for 24 h. The control stock solu-
tion contained DMSO and MEM. For ensuring
reliability, the assay was done in triplicate for
each stock solution.

The MTT assay. The effect of the bioactive
components on the viability of cultured cells was
determined using the MTT assay according to
Berg (Berg et al., 1990) with a little modification,
which was the standard for assessing toxicity of
compounds in cell culture. 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium  bromide
(MTT) salt (Sigma-Aldrich, Germany) was dis-
solved in 0.14 M PBS (pH 7.4) at 0.5 mg/mL
and filtered using a 0.22 um pore size. After 24 h
incubation period, the medium was removed,
50.0 pl of the MTT solution was added to each
well of 96-well microtiter plate, mixed thor-
oughly with plate shaker for 1 min, and the plate
was again placed in the incubator at 37°C and
98.0% relative humidity, in an atmosphere of
5.0% CO,. After 2 h incubation, a 100.0 ul 96°
ethanol was added to each well and mixed thor-
oughly in order to dissolve the formed blue
crystals of formazan. The plate was shaken for
15 min and incubated for 15 min. The optical
density of wells was measured by Multiskan
MS spectrophotometer (Finland) at wavelength
of 540 nm and 580 nm. The effect of bioactive
component solutions on mitochondrial meta-
bolic activity was calculated as a percentage of
metabolic activity of the cells treated with bioac-
tive component solutions against control cells.

Crystal violet (CV) staining. The indirect
quantification of cell death determination
method is the staining with crystal violet dye
(Carl Roth GmbH, Germany), which binds to
proteins and DNA (Chiba et al., 1998) with
a slight modification. After appropriate treat-
ments, the growth medium was removed and

fixed with 40.0 pL 0.1% crystal violet solution
in 20.0% ethanol and added to each well of
96-well microtiter plate. The plate was shaken
for 30 min. After 0.1% crystal violet solution
in 20.0% ethanol was removed and cells were
washed with water 5-7 times. Before mea-
surement, the dye was solubilised with 50.0 pl
0.1% acetic acid solution in 50.0% ethanol
and mixed in shaker for 2-3 min. The optical
density proportional to the cell number was
measured by Multiskan MS spectrophotom-
eter (Finland) at wavelength of 570 nm and
620 nm.

The cell viability (%) was calculated accord-
ing to the following equation:

Cell viability (%) = ¥ %100

control

where A is the absorbance of treated cells and
A, is the absorbance of the untreated cells.

Statistical analysis of the data. Data were sta-
tistically analysed using the SPSS 20.0 software
(SPSS Inc., Chicago, Illinois, USA). Differences
between dates were evaluated by the analysis
of variance method (one-way ANOVA) with
a significant level of P < 0.05. Multiple compar-
isons were estimated by Fishers Least Signifi-
cant Difference Method, and Dunnett’s test was
applied when the control group was present.
Pearson correlation test was considered reliable
when P <0.01.

RESULTS AND DISCUSSION

The MTT assay is based on the reduction of
MTT into formazan crystals by the living cells.
The intracellular reducing power is mainly
provided by NAD(P)H which is derived from
dehydrogenase activity in mitochondria, en-
doplasmic reticulum, and plasma membrane
(Stockert et al., 2012; Bernas, Dobrucki, 2000).

As seen in Figure 1, the viability of HeLa cells
depended on single natural substances and var-
ied according to their concentration. LA, TXE
and CAR induced acute cytotoxic effects, which
were demonstrated by significant degeneration
of HeLa cells after 24 h of treatment. The three
highest LA concentrations (0.4 uM, 0.2 uM,
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Cell viability (% of control)

Fig. 1. Effect of different
concentrations of LA, TXE
LIN, AA and CAR on the
MTT tetrazolium reduction

in a HeLa cells

and 0.1 uM) tested induced acute cytotoxic ef-
fects (P < 0.05). The treatment of 0.06 mM and
0.03 mM of LA did not show significant prolif-
eration inhibition. Correlation analysis revea-
led a strong negative relationship between LA
concentrations and the number of HeLa cells
(r=-0.907, when P < 0.01). Normalizing cancer-
generated LA and resultant acidification and fo-
cusing on an altered metabolic pathway may lead
to cancer inhibition. Several small AA molecules
exhibit promising anticancer activity in vitro and
in vivo, as a single agent or in combination with
other therapeutic modalities. Inhibition of LA
generation of cancers may lead to inhibition of
proliferation of cancerous cells by dual pathway
via energy depletion, and by reduction of their
immunosuppressive activity in the tumour mi-
cro-environment (Dhup et al., 2012).

It has been reported that CAR contributes to
tumour growth and metabolism, highlighting
the critical importance of carnosine’s antitumor
geniceffect (Horiietal.,2012;Iovineetal.,2012).
However, it has been suggested that carnosine
is involved in cell proliferation, cell cycle arrest,
cell apoptosis, and even the glycolytic energy
metabolism of certain tumour cells (Sale et al.,
2013). In this study, CAR at the concentrations
of 50.0 mM, 25.0 mM, and 13.0 mM markedly
reduced cell viability to 36.38%, 43.70%, and
69.84% of control, respectively. Correlation
analysis revealed a strong negative relationship
between CAR concentrations and the num-

ber of HeLa cells (r = -0.923, when P < 0.01).
The result of this study is consistent with a pre-
vious report regarding the cytotoxicity of CAR
to HeLa cancer cells (Bao et al., 2018).

Flavonoids exert their anticancer action by
affecting key mechanisms involved in cancer
pathogenesis. They are effective antioxidant and
anti-inflammatory agents. In initial stages, they
inhibit metabolic activation of carcinogens. In
progression phases, they induce apoptosis, in-
hibit angiogenesis, cancer cell proliferation and
tumour metastasis; they also modulate multid-
rug resistance (Clere et al., 2011). Using the MTT
method, we found that treatment of HeLa cells
with TXF of 1.0 mM, 0.5 mM and 0.3 mM con-
centrations significantly inhibited HeLa cells
after 24 h of treatment (P < 0.05). Correlation
analysis revealed a strong negative relationship
between TXF concentrations and the number of
HeLa cells (r = -0.956, when P < 0.01). The result
of this study is consistent with a previous report
regarding the cytotoxicity of TXF on mamma-
lian cancer cells (Zhang et al., 2013).

LN is one such compound that has been
reported to inhibit the growth of various hu-
man cancer cells by causing apoptotic cell
death (Jana et al.,, 2014; Russo et al., 2013). LN
acts mainly as an anti-lipoperoxidant agent.
Besides, Chang et al. (2015) obtained results
demonstrating that LIN produced a cytotoxic
effect by inducing the cells to undergo apopto-
sis, triggering cell death. The result of this study
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showed that only the highest test concentration
of LIN (from 0.8 to 0.2 uM) had a weak effect
on the reduction of MT. Correlation analysis
revealed a strong negative relationship between
LN concentrations and the number of HeLa
cells (r = -0.962, when P < 0.01).

The highest tested AA concentrations
(20.0 mM and 10.0 mM) induced false negative
results, which were demonstrated by significant
regeneration of HeLa cells after 24 h of treat-
ment. One of the possible causes of false results
could be chemical interactions between the AA
and the MTT indicator. The reductive potential
of AA manifests itself due to its enediol group.
The phosphorylated derivative of AA showed
no interference with the MTT assay because
the enediol group was linked to a phosphate
group. Moreover, it was reported that in pH-
buffered media lacking cells, MTT is reduced
spontaneously to formazanby amitraz (an aca-
ricide), the absorbance being proportional to
both MTT concentration and incubation time
(Bruggisser et al., 2002). The result of this study
is consistent with a previous report by Natara-
jan et al. (2000) who also noted that AA can di-
rectly interfere with the MTT tetrazolium assay.

We proposed that in low concentrations LA
may influence the cytotoxic effect of TXF and
CAR on the cancer cells; therefore, we evaluat-
ed the combinatory effect of TXE LA, LIN, and
CAR on HelLa cell proliferation using the MTT

assay. A significant decrease in the percent-
age of proliferating cells was observed with LA
alone, but further addition of TXF and CAR
resulted in a slightly lower percentage of prolif-
erating cells (Fig. 2).

Research supports the idea that the effect of
the sum of individual drugs may be less effec-
tive than drug combinations (Ma et al., 2014).
Mixtures of TXF (0.15 mM) + LA (0.06 uM)
resulted in a slightly lower percentage of pro-
liferating cells (percentage of control — 69.84%)
than an individual substance (percentage of
control 98.27% and 88.78%, TXF (0.15 mM)
and LA (0.06 uM), respectively) (P < 0.05). Be-
sides, the growth inhibitory effect of 0.4 pM LA
in combination with 1.0 mM TXF (% of con-
trol 34.82%) was approximately twice the effect
than treatment with TXF alone (% of control
53.86%) (P < 0.05).

The HeLa cells treated with combination
of three compound mixtures (TXE LA and
CAR) resulted in a significantly lower percent-
age of proliferating cells than the cells treated
with these substances individually in differ-
ent concentrations (P < 0.05). The HeLa cells
treated with a combination of the three com-
pounds mixtures (TXF, LA and LIN) resulted
in a slightly lower percentage of proliferating
cells than treated with LA alone, but higher
than treated with TXF and LIN alone in differ-
ent concentrations.

160

140 :I:

Cell viability (% of control)

Fig. 2. Effect of different com-
binations of TXF, LA, LIN
and CAR on the MTT tetra-
zolium reduction in HeLa

cells
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Research supports the idea that several drug
delivery systems that intercalate multiple drugs
to deliver specific site of tumours have been
proposed with a view of improving antitumour
activity and potentially overcoming drug resist-
ance, while also reducing the doses of individ-
ual drugs (Liu et al., 2014; Yan et al,, 1991). It
has been suggested that many naturally occur-
ring compounds act as “enhancers” or reduce
the side effects of other anti-cancer therapeutic
drugs by increasing the therapeutic effects of
the key anti-cancer agent (Liu et al., 2012). In
this study, results showed that a weakly acidic
medium markedly augments anti-proliferation
activity of LIN and CAR.

As seen in Fig. 3, the number of HeLa cells
depends on single natural substances and var-
ies according to their concentration. LA, TXE,
and AA induced acute cytotoxic effects that
were demonstrated by significant degeneration
of HeLa cells after 24 h of treatment. LA at con-
centrations of 0.44 pM, 0.22 uM, and 0.11 upM
markedly reduced the number of HeLa cells
to, respectively, 21.82%, 31.99%, and 47.26%
compared with control cells. However, the low-
est LA concentration (0.03 uM) significantly
increased the cell number (percentage of con-
trol - 119.73%). Fais et al. (2007) support
the idea that weakly acidity could have a role in
the resistance of cancer cells to chemotherapy,
proliferation, and metastatic behaviour.

TXF at concentrations of 1.0 mM, 0.5 mM,
and 0.3 mM markedly reduced the number of,

HeLa cells to, respectively, 26.70%, 41.65% and
68.27% compared with control cells. However,
the lowest TXF concentration (0.07 mM) had
significant increased cell number (percent-
age of control - 121.24%). This may have re-
sulted from inconsistent reduction by flavonol
of the metabolic compound between analyses
with fluctuating variables, such as the amount
of flavonols remaining in the well during in-
cubation and the numbers of cells between
analyses. Forbes et al. (2014) find that flavonols
used with the crystal violet assays significantly
masks the effects on cell viability readings at
lower concentrations, but at higher flavonol
concentrations this interference appears to be
minimal.

AA is generally considered an antioxidant
at normal physiological levels (approx. 60.0-
80.0 uM) but considered a pro-oxidant at much
higher concentrations (>1.0 mM) (Roberts et al.,
2015). Contrary to this, Azqueta et al. (2013)
did not find a significant pro-oxidant or anti-
proliferative effect of AA on the HeLa cell line,
which in relation to other studies was probably
due to the low concentrations of AA utilized in
the study (<200.0 uM). In our study, results in-
dicate that 20.0 mM, 10.0 mM, and 5.0 mM of
AA markedly reduced the number of HeLa cells
(P < 0.05). The result of this study is consistent
with a previous report by Roberts et al. (2015),
who also noted that 10.0 mM and 7.0 mM of AA
induce cell death via an extrinsic and intrinsic
apoptotic pathway.
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We evaluated the combinatory effect of
LA, TXE LIN and CAR and their mixtures
on the number of HelLa cell using the crystal
violet assay (Fig. 4). A significant decrease in
the percentage of the cell number was observed
with TXF+LA mixture in all cases, but a syn-
ergetic effect was determined only between
the lowest concentrations (P < 0.05). Also,
a significant synergistic effect the of three com-
pounds mixtures was determined (TXEF LA
and CAR) in all cases (P < 0.05). These three
substances mixtures interacted synergistically

the location of peptides and flavonoids inside
membranes depends strongly on pH: the lower
the pH, the lower the deprotonation state, and
the deeper the penetration (Ko$inova et al.,
2012; Andreev et al., 2007; Reshetnyak et al.,
2006; Movileanu et al., 2000). Our study con-
firmed this findingthat a mixture of TXF+CAR
substances has a synergistic effect (Fig. 5) but
smaller than used together with LA.

However, a mixture of TXE, LA and LIN
had antagonistic interactions suppressing their
individual effects on HeLA cells. Mechanisms

to increase their individual effects. This may of interaction that produced antagonistic ef-
be attributed to the acidic medium because fects were less studied. But it is clear that what
s
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might be a synergistic combination in some
circumstances might actually be antagonistic in
others - it all depends on the context.

Mixtures of AA+TXF and AA+TXF+CAR
induced acute cytotoxic effects, which were
demonstrated by significant degeneration of
HelLa cells after 24 h of treatment (Fig. 5). There
is evidence that AA has flavonoid protective and
enhancing activities (Jan et al., 1991; Kandaswa-
mi et al., 1993), probably due to the reduction of
oxidized flavonoid and regeneration of flavonol.
A cooperative action between AA and flavonoid
could be beneficial in enhancing the ability of
the latter to rescue cells from damage induced
by oxidative stress. Besides, AA was found to en-
hance the cytoprotective effects of quercetin and
rutin against oxidative stress-induced death of
human skin fibroblasts. AA both lowered EC50
and prolonged the time over which the flavonoid
was active in rescuing cells from oxidative injury.
Such an interaction could be evidenced as a syn-
ergistic effect providing a constant resupply of
flavonoid acting as radical scavenger and limit-
ing the amount of the aroxyl radical decaying
by a second-order reaction (Bors et al., 1995).
Roomi et al. (2006) showed that AA, when in
a nutrient mixture with lysine, proline, and green
tea extract, caused a significant anti-proliferative
effect on the growth of HeLa cells; however,
the combination of AA with other compounds
makes it impossible to distinguish the effect of
a single ingredient.

Together, the two compounds reduced more
the proliferation and viability of cells and en-
hanced the induction of apoptosis compared to
each separately (Mertens-Talcott et al., 2003).
Mertens-Talcott et al. (2003) investigated
the combinational effect of quercetin and ellag-
icacid on cell death in the MOLT-4 human leu-
kemia cell line. In another study, the combina-
tion treatment of the human gut (HuTu-80 and
Caco-2) and breast cancer cells (PMC42) with
quercetin and kaempferol was more effective
than the additive effects of each flavonol (Ack-
land et al., 2005). In our case, the synergetic ac-
tion of different substances was influenced by
selection of acid and its concentration. Combi-
nation of AA with two compounds CAR and

TXF has a significantly higher effect than this
combination with LA (P < 0.05).

CONCLUSIONS

The present study demonstrated that combina-
tion treatment with CAR+TXF and addition of
acids is capable of inducing intracellular acidi-
fication in cancer cells, and of inhibiting the vi-
ability of human cervical cancer HeLa cells.
Therefore, it is proposed that combined treat-
mentswith AA+CAR+TXFand LA+CAR+TXF
may enhance antitumor activity compared with
single-agent treatment. However, phytochemi-
cal studies together with investigations of bio-
logical activity in vivo are required for a com-
plete understanding of medical applications.
Identifying potential interactions among these
compounds may help to define the efficiency
of foods containing these substances in cancer
prevention as related to structure-function ac-
tivity of the compounds.
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KARNOZINO, TAKSIFOLINO, LINALOLIO
IR JU MISINIU CITOTOKSINIO POVEIKIO
IVERTINIMAS ZMOGAUS GIMDOS KAKLE-
LIO VEZIO (HELA) LASTELEMS

Santrauka
Kasmet pasaulyje nustatoma daugiau kaip pusé
milijono naujy gimdos kaklelio véZio atvejy, ir tai
yra viena dazniausiy motery mirties priezasciy.
Straipsnio tikslas yra jvertinti in vitro flavonoi-
do (taksifolino - TXF), eterinio aliejaus (linalo-
lio - LN), dipeptido (karnozino - KAR), vitamino
(askorbo ragsties — AR), pieno ragsties (PR) ir jy
misiniy sgveika gimdos kaklelio vézio HeLa lasteliy
kultary proliferacijai ir apoptozei. Tyrimo metu pa-
aiskéjo, kad HeLa lgsteliy gyvybingumas priklauso
nuo pasirinkty medziagy rasies ir koncentracijos.
Iverting metabolitiniy gyvy lasteliy aktyvumag nu-
statéme, kad didesnés atskirai naudoty PR (0,4; 0,2
ir 0,1 uM), TXF (1,0; 0,5 ir 0,3 mM) ir KAR (50, 25,
ir 13 mM) medziagy koncentracijos sukelia stipry
citolitinj efektg HeLa lgsteliy kultaroms, tadiau po-
veikis sustipréja naudojant $iy medziagy misinius
(TXF+KAR ir PR arba AR).

Raktazodziai: taksifolinas, linalolis, karnozinas,

pieno ir askorbo ragstis, HeLa lastelés



