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Arenobufagin is a bufadienolide with potent antitumor activity against a variety of
human cancer cell lines. In the present study, the cytotoxic activity of arenobufagin and
seven newly synthesized derivatives was evaluated against MCF-7 human breast cancer
cells using the MTT assay. Cells were exposed to the tested compounds at concentrations
of 10, 50, and 300 nM for 24 h. Arenobufagin and the derivatives Ar-004, Ar-007, Ar-008,
and Ar-015 exhibited pronounced concentration-dependent cytotoxicity, whereas Ar-014
showed only moderate activity. In contrast, Ar-005 and Ar-011 demonstrated little or no
cytotoxic effect under the experimental conditions. The obtained results indicate that
structural modification of arenobufagin markedly influences its cytotoxic activity against
MCF-7 cells. These findings provide useful preliminary information for the biological eval-
uation of newly synthesized arenobufagin derivatives and may contribute to the identifi-
cation of promising lead compounds for further anticancer studies.

Keywords: arenobufagin; bufadienolides; MCF-7 cells; breast cancer; cytotoxicity;
MTT assay.

Introduction. Breast cancer remains in cancer research. Natural products have

one of the most frequently diagnosed
malignancies and a leading cause of can-
cer-related mortality among women
worldwide. Consequently, the identifica-
tion of novel anticancer agents with im-
proved efficacy and distinct mechanisms
of action remains an important objective

.S ., ., APR=

historically served as an invaluable source
of biologically active compounds for drug
discovery. Among them, bufadienolides
have attracted increasing attention be-
cause of their potent antiproliferative ac-
tivity againsta wide range of human malig-
nancies. Arenobufagin is one of the major



bufadienolides isolated from Bufo viridis
and has emerged as a promising lead com-
pound for anticancer drug development.
Previous studies have demonstrated po-
tent cytotoxic activity of arenobufagin
against a variety of human cancer cell
lines, including hepatocellular, colorectal,
lung, gastric, esophageal, pancreatic, and
breast cancers. [1]. Furthermore, arenob-
ufagin has been reported to induce apop-
tosis in MCF-7 breast cancer cells through
activation of the JNK signaling pathway,
leading to multisite phosphorylation of
Yes-associated protein (YAP), enhanced
interaction with p73, and subsequent ac-
tivation of pro-apoptotic genes [2].
Growing evidence indicates that rel-
atively small structural modifications to
bufadienolides can substantially alter
their affinity for biological targets, there-
by influencing their pharmacological and
toxicological properties [3]. Therefore,
the synthesis and biological evaluation of
novel arenobufagin derivatives represent
a rational strategy for identifying com-
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pounds with improved biological char-
acteristics. The MCF-7 cell line is one of
the most extensively characterized in vi-
tro models of estrogen receptor-positive
breast cancer and is widely employed for
the preliminary evaluation of anticancer
compounds and investigations of apopto-
sis-related mechanisms [4].

Aim of the study. This study aimed to
evaluate the cytotoxic activity of arenob-
ufagin and seven newly synthesized deriv-
atives against MCF-7 human breast cancer
cells using the MTT assay. Comparative
analysis of these compounds may pro-
vide useful information on how structur-
al modification influences the cytotoxic
properties of arenobufagin and facilitate
the identification of promising candidates
for further pharmacological investigation.

Materials and Methods. Arenob-
ufagin and its seven derivatives (Ar-004,
Ar-005, Ar-007, Ar-008, Ar-011, Ar-014,
and Ar-015) were synthesized in our lab-
oratory. Their chemical structures are
presented in Figure 1.

Arenobufagin

0
Ar-004 R1=HCJ\OH R, —OH
3

o) 0
Ar-005 Ry H3C)J\OH R Hsc)J\OH
—_— O —_—
Ar-007 R, Clic )J\OH R, —OH
o -
Ar-008 Ry~ ¢ )J\OH R, —OH
3

N,,DMAP, DCM, 20h, rt.

Ar-011

Ar-014

Ar-015

Figure 1. Structures of arenobufagin and its derivatives.
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Detailed synthetic procedures and
structural characterization are beyond
the scope of the present study and will be
reported separately. Stock solutions of the
compounds were prepared in dimethyl
sulfoxide (DMSO) and diluted with culture
medium immediately before use. The final
concentration of DMSO in the culture me-
dium did not exceed 0.1% (v/v).

The MTT dye 2-4,5-dimethyl-2-thi-
azolyl-3,5-diphenyl-2H-tetrazolium bro-
mide, Dulbecco’s Modified Eagle’s Medi-
um (DMEM), phosphate-buffered saline
(PBS), and trypsin from porcine pancreas
were purchased from Sigma-Aldrich (Bu-
dapest, Hungary). Penicillin-streptomy-
cin mix, 96-well plates, and cell culture
flasks were obtained from Thermo-Fish-
er (Darmstadt, Germany, CAS number:
156499).

The MTT assay was carried out ac-
cording to the method described in [5].
The culture medium was Dulbecco’s Mod-
ified Eagle’s Medium (DMEM) (Sigma Al-
drich, Budapest, Hungary) supplemented
with 1200 mM L-glutamine (Glutamax,
Thermo-Fisher, Darmstadt, Germany,
CAS: 35050061), 10% fetal bovine se-
rum (FBS), 4.5 g/L glucose, and penicil-
lin-streptomycin (0.1 mg/mL) (Sigma-Al-
drich, Budapest, Hungary). Cells were in-
cubated at 37 °C in 5% CO, humidified air
and maintained by continuous passaging.

Cells were seeded at a 10,000 cells/
well density on 96-well plates to achieve
complete confluence. After draining the
medium, the cells were washed with PBS
and incubated with the test solutions for
24 h at 37 °C in 5% CO,. After removing
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the test solutions, MTT solution (5 mg/
mL) was added to the cells and incubated
for 3 h in a light-free chamber. In the pres-
ence of living cells, the yellow tetrazolium
dye was converted into purple formazan
crystals by the action of oxidoreductase
enzymes. The purple crystals were dis-
solved in a 25:1 ratio of isopropanol/hy-
drochloric acid. The absorbance of the
samples was measured by a Thermo Sci-
entific™ Multiskan™ GO Microplate Spec-
trophotometer (USA). All tests were car-
ried out in triplicate.

Statistical analysis. All experiments
were performed in triplicate, and the re-
sults are presented as mean * standard
deviation (SD).

Results and discussion. The cyto-
toxic activity of arenobufagin and seven
structurally modified derivatives against
MCF-7 cells was evaluated after 24 h of ex-
posure using the MTT assay. Cell viability
was determined following treatment with
10, 50, and 300 nM of each compound
(Figure 2).

At 10 nM, none of the tested com-
pounds reduced MCF-7 cell viability be-
low the control level. In contrast, several
derivatives, including Ar-005 and Ar-
011, produced viability values exceeding
140%, indicating the absence of detect-
able cytotoxicity at this concentration.
Increasing the concentration to 50 nM
resulted in marked differences among
the compounds. Arenobufagin, Ar-004,
Ar-008, and Ar-015 substantially reduced
cell viability, whereas Ar-005 and Ar-011
remained largely inactive. Ar-007 and Ar-
014 exhibited intermediate activity.
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Figure 2. Results of the study of the effect of arenobufagin and its derivatives on
MCF-7 breast cancer cells using the MTT test.

At 300 nM, arenobufagin, Ar-004, Ar-
007, Ar-008, and Ar-015 almost complete-
ly abolished MCF-7 cell viability, demon-
strating pronounced cytotoxic activity. In
contrast, Ar-005 and Ar-011 showed little
or no cytotoxic effect, while Ar-014 exhib-
ited only moderate activity.

The present study demonstrated that
arenobufagin and its seven derivatives
exhibited markedly different cytotoxic
activities against MCF-7 human breast
cancer cells. While arenobufagin, Ar-004,
Ar-007, Ar-008, and Ar-015 produced
pronounced concentration-dependent re-
ductions in cell viability, Ar-014 displayed
only moderate cytotoxicity, whereas Ar-
005 and Ar-011 showed little or no cyto-
toxic effect within the tested concentra-
tion range. These findings indicate that
structural modification of arenobufagin
substantially influences its biological ac-
tivity and that relatively small chemical
changes may either preserve or attenuate
its cytotoxic potential.

The potent activity of arenobufagin
observed in the present study is consis-
tent with previous reports describing its

broad-spectrum antitumor properties.
Arenobufagin has been shown to inhibit
the proliferation of various human cancer
cell lines, including hepatocellular, col-
orectal, lung, and breast cancers, through
induction of apoptosis, cell-cycle arrest,
and inhibition of tumor progression. In
particular, studies performed in MCF-7
cells demonstrated that arenobufagin ex-
hibits potent cytotoxicity at nanomolar
concentrations, which is in good agree-
ment with the results obtained in the
present investigation [2].

Although the present study did not
investigate the molecular mechanisms
underlying cytotoxicity, several mecha-
nisms have previously been proposed for
arenobufagin. As a representative bufadi-
enolide, arenobufagin primarily interacts
with Na*/K*-ATPase, a membrane protein
that functions not only as an ion trans-
porter but also as a signaling receptor reg-
ulating cell proliferation, apoptosis, mi-
gration, and differentiation. Activation of
Na*/K*-ATPase-dependent signaling has
been implicated in multiple anticancer
effects of cardiac glycosides, making this
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enzyme an important molecular target for
this class of natural compounds [6].

Previous mechanistic studies in MCF-
7 cells have further demonstrated that
arenobufagin induces apoptosis through
activation of the JNK signaling pathway,
leading to multisite phosphorylation of
Yes-associated protein (YAP). Phosphor-
ylated YAP subsequently interacts with
the transcription factor p73, resulting in
increased expression of pro-apoptotic
proteins, including Bax and p53AIP1, ul-
timately promoting apoptotic cell death.
Although these molecular events were
not examined in the present study, they
provide a plausible explanation for the
marked reduction in MCF-7 cell viability
observed after treatment with the parent
compound.

A notable finding of the present inves-
tigation was the considerable variation in
cytotoxic activity among the synthesized
derivatives. Whereas several derivatives
retained cytotoxicity comparable to that
of arenobufagin, others exhibited sub-
stantially weaker activity. These observa-
tions suggest that the biological activity
of arenobufagin is highly dependent on
its chemical structure. Since the purpose
of the present work was biological eval-
uation rather than medicinal chemistry,
detailed structure-activity relationships
cannot be established. Nevertheless, the
obtained results clearly demonstrate that
structural modification can markedly al-
ter the cytotoxic properties of arenob-
ufagin against breast cancer cells.

Interestingly, Ar-005 and Ar-011 con-
sistently produced MTT values exceeding
those of the untreated control. Because the
MTT assay quantifies mitochondrial met-
abolic activity rather than directly mea-
suring cell number, increased absorbance
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should not be interpreted as evidence of
enhanced cell proliferation. Instead, these
findings may reflect alterations in cellu-
lar metabolism, differences in mitochon-
drial activity, or assay-specific responses.
Therefore, additional studies employing
complementary techniques, such as apop-
tosis assays, cell-cycle analysis, colony
formation assays, or direct cell counting,
are required to determine the biological
effects of these derivatives more precisely.

The present study has several limita-
tions. Only one breast cancer cell line was
investigated, and cytotoxicity was evaluat-
ed using a single viability assay after 24 h
of treatment. Furthermore, the molecular
mechanisms responsible for the observed
differences among the derivatives were
not examined. Despite these limitations,
the findings provide useful preliminary
information regarding the biological ac-
tivity of newly synthesized arenobufagin
derivatives and identify compounds that
warrant further pharmacological investi-
gation.

Conclusion. The present study
demonstrated that arenobufagin and its
seven derivatives exhibit distinct cytotox-
ic activities against MCF-7 human breast
cancer cells. While arenobufagin and the
derivatives Ar-004, Ar-007, Ar-008, and
Ar-015 showed pronounced concentra-
tion-dependent cytotoxicity, Ar-014 dis-
played moderate activity, whereas Ar-005
and Ar-011 exhibited little or no cytotoxic
effect. These findings indicate that rela-
tively small structural modifications can
substantially alter the biological activity
of arenobufagin. Although the molecular
mechanisms underlying these differenc-
es remain to be elucidated, the present
results identify several derivatives with
promising cytotoxic activity and provide a



basis for further pharmacological, mecha-
nistic, and structure-activity relationship
studies.
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Annotatsiya. Arenobufagin - bu turli
xil inson saraton hujayralariga qarshi kuch-
li faollikka ega bo‘lgan bufadienolid. Ushbu
tadqiqotda arenobufagin va yettita yan-
gi sintez qilingan hosilalarning sitotoksik
faolligi MTT tahlili yordamida MCF-7 inson

ko‘krak bezi saraton hujayralariga nisbatan
baholandi. Hujayralarga 24 soat davomida
10, 50 va 300 nM konsentratsiyalardagi
birikmalar bilan ishlov berildi. Arenobufagin
va Ar-004, Ar-007, Ar-008 va Ar-015 hosi-
lalari konsentratsiyaga bog'liq sitotoksikli-
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kni namoyon etdi, Ar-014 esa faqat o‘rtacha
faollikni ko‘rsatdi. Aksincha, Ar-005 va Ar-
011 eksperimental sharoitlarda sitotoksik
ta’sir ko'rsatmadi. Olingan natijalar shuni
ko‘rsatadiki, arenobufaginning strukturaviy
modifikatsiyasi uning MCF-7 hujayralariga
qarshi sitotoksik faolligiga sezilarli ta’sir
qiladi. Ushbu natijalar yangi sintez qilingan
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arenobufagin hosilalarini biologik bahol-
ash uchun foydali dastlabki ma’lumotlarni
tagdim etadi va keyingi saratonga qarshi
tadqiqotlar uchun istigbolli birikmalarni
aniqlashga hissa qo‘shishi mumkin.

Kalit so‘zlar: arenobufagin; bufadieno-
litlar; MCF-7 hujayralari; ko‘krak bezi sara-
toni; sitotoksiklik; MTT tahlili.
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AHHOmMayus. ApeHobygpazuH - amo 6y-
¢adueHoaud, obaadarowuii MowHoOU npo-
mueoonyxo.1e80oll akKmu8HOCMbK 8 OMHO-
WeHUU pasAuYHbIX AUHUL K/1emoK paka e-
Js08eka. B nacmoswem uccaedosavuu yu-
momokcuyeckasi akmugHocmu apeHobyda-
2UHA U cemu HedaeHO CUHME3UPOBAHHbLIX
Npou3800HbIX 6bL1A OYeHeHd 8 OMHOWeHUU
K/1emoK paka MOJI0UHOLI Jce/1e3bl 4es108eKa
MCF-7 ¢ ucnoav3osaHuem aHaauza MTT
Kaemku nodeepzasaucb eosdelicmautro uc-
caedyembix coeduHeHUull 8 KOHYeHmMpayu-
sx 10, 50 u 300 HM 6 meueHue 24 uacos.
Apenobygazun u e2o npou3godHwlie Ar-004,
Ar-007, Ar-008 u Ar-015 npodemoncmpu-
po8auU 8blpaMdceHHYH YUMOMmoKCUYHOCMb,
3a8ucsAwWy0 om KOHYeHmpayuu, moada Kak
Ar-014 nokasasa Auwlb YyMepeHHy aKmus-
Hocmb. B omauvue om Hux, Ar-005 u Ar-011
npodeMOHCMpUPOBAAU He3HAYUME/AbHbIU

s NA .. P

u/au Hyaesoll yumomokcuyeckutl agpgpekm e
aKcnepuMeHmManbHbuIx ycaosusx. IloayyeH-
Hble pe3y/1bmambl yKazwleam HA mo, 4mo
cmpykmypHasi modugukayusi apeHobygda-
2UHA CYUjeCmBeHHO 8/usiem HA e20 Yumo-
MOKCU4ecKy akmueHOCMb 8 OMHOWeHUU
kaemok MCF-7. [lonyueHHble pe3yibmamul
npedocmas/sitom noJjie3Hylo  npedeapu-
MeAbHYK UHPopMayuw 041 6uoso2uye-
cKoll OYyeHKU Heda8HO CUHME3UPOBAHHBIX
npous3s8o0dHbIX apeHobypazuHa u Mo2ym
cnocob6cmeosams  8blsiB/AEHUN)  Nepcnek-
musHblX coeduHeHuli-kaHdudamosg 045
dasibHellwux NpomueopaKos8blX Ucc/aedosa-
HU.

Kawuesvle caoea: apevobydazuH;
o6ygadueHoaudvl; kaemku MCF-7; pak
MOJI0YHOU Jicene3bl; YUumomoKCUYHOCMb;
MTT-mecm.



