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Arenobufagin is a naturally occurring
bufadienolide with diverse biological activ-
ities; however, its potential cardiotoxicity
may limit its pharmacological application.
In the present study, the cytotoxic effects of
arenobufagin and two newly synthesized
derivatives (Ar-004 and Ar-005) were eval-
uated in H9¢Z2 rat cardiomyoblast cells us-
ing the MTT assay after 24 h of exposure.
The tested compounds did not significant-
ly affect cell viability at concentrations of
1 and 10 uM. In contrast, arenobufagin
markedly reduced H9c2 cell viability at
100 uM, whereas both derivatives exhibit-
ed substantially lower cytotoxicity under
the same experimental conditions. These
findings suggest that structural modifica-
tion of arenobufagin may reduce its cyto-
toxic effects on normal cardiac cells while
preserving the need for further pharmaco-
logical investigation. Additional studies are
warranted to elucidate the mechanisms
underlying these observations and to com-
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prehensively evaluate the safety profile of
arenobufagin derivatives.

Keywords: arenobufagin; bufadieno-
lides; H9cZ cells; cardiomyoblasts; cytotox-
icity; MTT assay.

Introduction. Bufadienolides are a
class of naturally occurring cardioton-
ic steroids predominantly isolated from
toad venom and several plant species [1].
These compounds have attracted consid-
erable scientific interest because of their
diverse pharmacological activities, includ-
ing cardiotonic, anti-inflammatory, anti-
viral, and antitumor effects [2]. Among
them, arenobufagin, a bufadienolide iso-
lated from the venom of Bufo viridis, has
been extensively investigated owing to its
potent biological activity and its ability to
modulate multiple intracellular signaling
pathways [3].

Chemical modification of naturally oc-
curring compounds is a widely employed
strategy for improving biological activity,



modifying pharmacokinetic properties,
and reducing undesirable toxicity. Struc-
tural modification of arenobufagin may
alter its interaction with biological targets
and consequently influence its cytotox-
ic profile. Therefore, newly synthesized
derivatives should be evaluated not only
for their desired pharmacological activity
but also for their effects on normal cells to
obtain preliminary information regarding
their biological safety.

The H9c2 rat cardiomyoblast cell line
is one of the most commonly used in vitro
models for investigating cardiac toxicity
and evaluating the safety of biologically
active compounds. Although H9c2 cells do
not completely reproduce the characteris-
tics of mature cardiomyocytes, they retain
several morphological and biochemical
properties of cardiac muscle cells and pro-
vide a convenient model for preliminary
cytotoxicity screening.
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Aim of the study. To evaluate the cy-
totoxic effects of arenobufagin and two
newly synthesized derivatives on H9c2 rat
cardiomyoblast cells using the MTT cell
viability assay. The obtained results pro-
vide preliminary information regarding
the effects of these compounds on normal
cardiac cells and may contribute to the
further biological evaluation of arenob-
ufagin derivatives.

Materials and methods. Arenob-
ufagin and two structurally modified de-
rivatives were evaluated in the present
study. The derivatives named Ar-004 and
Ar005 were synthesized in our labora-
tory, and their chemical structures are
shown in Figure 1. The compounds were
dissolved in dimethyl sulfoxide (DMSO) to
prepare stock solutions and diluted with
culture medium to the desired concentra-
tions immediately before use.

Arenobufagin
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Figure 1. Structures of arenobufagin and its derivatives.

The MTT dye 2-4,5-dimethyl-2-thiazolyl)-3,5-diphenyl-2H-tetrazolium bromide,
Dulbecco’s Modified Eagle’s Medium (DMEM), phosphate-buffered saline (PBS), tryp-
sin from porcine pancreas were purchased from Sigma-Aldrich (Budapest, Hungary).
Penicillin-streptomycin mix, 96-well plates, and cell culture flasks were obtained from
Thermo-Fisher (Darmstadt, Germany, CAS number: 156499).
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The MTT assay was carried out ac-
cording to the method described in [4].
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% COZ2 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
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-
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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.

Results and discussion. The MTT
assay was used to evaluate the effects of
arenobufagin and its derivatives on the vi-
ability of H9c2 cardiomyoblast cells after
24 h of exposure. Cell viability was deter-
mined at compound concentrations of 1,
10, and 100 uM. The results are present-
ed in Figure 2. The results demonstrat-
ed that arenobufagin and its derivatives,
Ar-004 and Ar-005, did not significantly
affect the viability of H9c2 cells at concen-
trations of 1 and 10 uM. In contrast, expo-
sure to arenobufagin at 100 uM markedly
decreased cell viability by approximately
70% compared with the untreated con-
trol, indicating pronounced cytotoxicity
at this concentration. Under the same ex-
perimental conditions, neither Ar-004 nor
Ar-005 significantly reduced the viability
of H9c2 cells at 100 uM.
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Figure 2. Results of the study of the effect of arenobufagin and its derivatives
Ar-004 and Ar-005 on H9c2 cardiomyoblast cells using the MTT test.
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These findings suggest that the struc-
tural modification of arenobufagin al-
tered its cytotoxic profile in normal car-
diac cells. While the parent compound
exhibited substantial cytotoxicity at the
highest tested concentration, both deriv-
atives maintained significantly higher cell
viability. This observation indicates that
the chemical modifications introduced
into arenobufagin may reduce its cytotox-
ic effects on H9c2 cardiomyoblasts. Nev-
ertheless, additional studies involving a
broader concentration range, mechanistic
investigations, and in vivo evaluation are
required to further characterize the cardi-
ac safety of these derivatives.

Bufadienolides exert their biological
effects primarily through inhibition of
Na*/K*-ATPase [5]. However, structural
modification of the parent compound may
alter its interaction with the enzyme or
affect cellular uptake, thereby influencing
cytotoxicity. The higher viability of H9c2
cells observed after treatment with Ar-004
and Ar-005 suggests that these structural
modifications reduced the toxic effects of
arenobufagin toward normal cardiac cells.
Although the precise mechanisms remain
to be elucidated, the present findings in-
dicate that chemical modification may
improve the preliminary safety profile of
arenobufagin derivatives.

Conclusion. The present study evalu-
ated the effects of arenobufagin and two
newly synthesized derivatives on the vi-
ability of H9c2 rat cardiomyoblast cells
using the MTT assay. Arenobufagin and
its derivatives did not affect cell viability
at concentrations of 1 and 10 uM. In con-
trast, arenobufagin exhibited pronounced
cytotoxicity at 100 uM, whereas the de-
rivatives Ar-004 and Ar-005 maintained
substantially higher cell viability under
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the same experimental conditions. These
findings suggest that structural modi-
fication of arenobufagin may reduce its
cytotoxic effects on normal cardiac cells.
Although the results are preliminary, they
provide a basis for further biological and
pharmacological investigations, includ-
ing detailed mechanistic studies, broader
dose-response analyses, and in vivo evalu-
ation of the safety profile of arenobufagin
derivatives.
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Annotatsiya. Arenobufagin turli xil
biologik faollikka ega bo‘lgan tabiiy bufa-
dienolitdir;, ammo, uning potentsial kar-
diotoksikligi uning farmakologik qo‘llanil-
ishini cheklashi mumkin. Ushbu tadqiqotda
arenobufagin va ikkita yangi sintezlan-
gan hosilalarning (Ar-004 va Ar-005) si-
totoksik ta’siri H9c2 kalamush kardiomio-
blast hujayralarida 24 soatlik ta’sirdan
song MTT tahlili yordamida baholandi.
Sinovdan o‘tgan birikmalar 1 va 10 uM
konsentratsiyalarda hujayralarning yash-
ovchanligiga sezilarli ta’sir ko‘rsatmadi.
Aksincha, arenobufagin 100 uM da H9c2
hujayralarining yashovchanligini sezilarli
darajada kamaytirdi, ikkala hosila ham bir

xil eksperimental sharoitlarda ancha past
sitotoksiklikni ko‘rsatdi. Ushbu topilmalar
arenobufaginning strukturaviy modifikat-
siyasi uning normal yurak hujayralariga
sitotoksik ta’sirini kamaytirishi mumkin-
ligini va shu bilan birga keyingi farma-
kologik tadqiqotlar zarurligini ko‘rsatadi.
Ushbu kuzatuvlarning asosiy mexanizmla-
rini aniqlash va arenobufagin hosilalarin-
ing xavfsizlik profilini har tomonlama ba-
holash uchun qo‘shimcha tadgqiqotlar talab
etiladi.

Kalit so‘zlar: arenobufagin; bufadien-
olitlar; H9c2 hujayralari; kardiomioblast-
lar; sitotoksiklik; MTT tahlili.
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AHHOomayus. ApenobygpazuH - smo
ecmpevarujulicss 8 npupode 6ygpadueHo-
JIUd ¢ pa3zHoobpasHoll 6uos02uveckoll ak-
MUBHOCMbK; 00HAKO €20 NOMEHYUA/AbHAS
KapduomoKcu4YHOCmMb Moxcem 02paHu4u-
8amb e20 papmakoso2u4eckoe npuMeHe-
Hue. B Hacmosiwem uccaedogaHuu yumo-
mokcuyeckoe delicmeue apeHobydazuHa
u 08yx Heda8HO CUHME3UPOBAHHBLIX NPO-
useodHuix (Ar-004 u Ar-005) oyenusaau
HA KJAemKax Kapouomuob6/1acmos Kpblcbl
H9c2 ¢ ucnosavszoeanuem auaauza MTT
nocsae 24 uacos eo3deiicmeus. Hccaedo-
8aHHble COEJUHEHUS He O0Ka3bl8a/au Cy-
WecmeeHH020 8AUSIHUSL HA HCU3HECnocoo6-
HOCMb K/1emok npu KoHyeHmpayusix 1 u
10 mkM. B omauyue om 3mozo, apeHoby-
¢azuH 3aMemHO CHUMCA/A HCU3SHECNOocoo-
Hocmb Kjaemok H9c2 npu koHyeHmpayuu
100 MM, mozda kak ob6a npou3eo0HbIX

deMoHCMpUpOBAIU CYUEeCMBEHHO MEHb-
Wy YumomoKCUYHOCMb 8 meX e IKC-
nepuMeHma/bHbIX yCaA08UsX. IMu pe3y/b-
mambul N0380./15110M Npedno/0Xums, Ymo
CMpYKmMypHas Moougukayust apeHooypa-
2UHA MOoJcem CHU3UMb e20 Yumomokcuye-
ckoe delicmgue Ha HOPMAa/bHblE KJAemKU
cepdya, coxpausisi npu 3mom Heob6xodu-
MOCMb danbHelwux GapmMakoi02uueckux
uccaedosaHull. Heobxodumbl donosHu-
mesibHble UCC1e008aHUSl 0151 B8bISICHEHUS
MEXAHU3MO8, JexcaujuXx 8 OCHO8e 3IMmux
Haba0eHull, u 0151 8ceCmopoHHel OyeH-
Ku npoguisi 6e3onacHocmu npou3800HbIX
apeHobydazuHa.

Knaruesvle caoea: apeHobygpazuH;
oygadueHoaudvl; kaemku H9c2; kapduo-
Muobaacmsl; yumomokcuuHocms; MTT-a-
HA/U3.



