South Russian Journal of Cancer. 2025. Vol. 6, No. 4. P. 26-35 (:
https://doi.org/10.37748/2686-9039-2025-6-4-3

https://elibrary.ru/EZOHHX
Oncology, radiotherapy
ORIGINAL ARTICLE

©

South Russian
Journal of Cancer
H0xHo-Poccuitckuit
OHKO/IOTWUYECKHI XKypHan
Vol. 6
No. 4, 2025

Cytostatic effect of ricobendazole on primary cultures of soft tissue
sarcomas in vitro

S. Yu. Filippova, T. V. Ausheva, I. V. Mezhevova™, T. V. Chembarova, N. V. Gnennaya, I. A. Novikova,
A. Yu. Maksimoy, S. S. Alihanova, K. S. Eremin, A. S. Vatulina, A. V. Snezhko, M. A. Konovalchik

National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
M Mezhevova88@gmail.com

ABSTRACT

Soft tissue sarcomas (STS) are often resistant to treatment. The search for new antitumor compounds against STS remains an urgent task.
Purpose of the study. To assess the sensitivity of primary STS cultures of various histological subtypes to albendazole sulfoxide (ricobendazole)
and doxorubicin, the primary metabolite of albendazole.

Materials and methods. STS tumor samples were used. The enzymatic dissociation method was used using 300 units/ml collagenase | (Thermo
Fisher Scientific, USA). Ricasol® (NITA-PHARM, Russia) and Doxorubicin-LENS® (VEROPHARM, Russia) were used as test substances. Sensitivity
to ricobendazole and doxorubicin was tested using the MTT test. The cultures were seeded in a 96-well plate at 7,000 cells in DMEM medium
with 10 % FSC added. After 24 h, the medium was replaced with PPS with ricobendazole in a series of two-fold dilutions from 35.5 pmol/I to
0.0347 pmol/I or doxorubicin from 10 pmol/I to 0.009 pmol/I. After 72 hours of incubation, the MTT test was performed. The cells were seeded
in a 24-well plate and cultured in PPS with 2 umol/I ricabendazole for 72 h. Hoechst 33342 dye (Life Technologies, USA) was added to the culture
at a concentration of 1 ug/ml, and photographs were taken using a LionHeart FX digital automatic microscope (BioTek Instruments Inc., USA).
Results. Four primary sarcoma cultures were obtained: SAR-1, SAR-2, SAR-3, and SAR-4. SAR-1 and SAR-4. Cultures demonstrated the most
rapid growth, with doubling times of 38 and 27 hours, respectively. The slowest proliferation was observed in the SAR-2 culture (doubling time
156 hours), while SAR-3 showed a doubling time of 45 hours. According to the MTT assay, the IC, values for ricobendazole were 4.54 + 1.2 ymol/L
for SAR-1,3.31 £+ 0.7 pmol/L for SAR-3, and 1.51 + 0.2 pmol/L for SAR-4, whereas the slowly dividing SAR-2 culture proved to be insensitive to
ricobendazole. The cytostatic activity of doxorubicin was higher than that of ricobendazole. The SAR-2 culture was the least sensitive (IC,, could
not be determined), and SAR-4 (IC,, SAR-4 = 0.16 + 0.017 pmol/l) was the most sensitive to the action of doxorubicin. The IC,, value of SAR-1
=0.64 +0.02 pmol/l and IC,, SAR-3 = 1.8 + 0.1 pmol/I. The effect of ricobendazole caused pronounced disturbances in the nuclei of SAR-1 and
SAR-4 cultures, in SAR-2 and SAR-3 they were less pronounced.

Conclusion. Ricobenzale had a cytostatic effect on primary STS cultures characterized by rapid cell growth, but the activity was lower than that
of doxorubicin. Changes in the morphology of cells and nuclei indicated probable disturbances in the functioning of the spindle and cytoskeleton
occurring under the action of this compound. Of particular interest for further research is the combination of ricobendazole with taxanes and
other tubulin inhibitors
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3.1.6. OHKonorus, nyyesas Tepanus

OPUr'MHAJIbHASA CTATbA

LluTocTaTyeckoe AeicTBue puKkobeH3az0na Ha NepBUYHbIE KYNLTYPbI CapKOM MATKUX TKaHei in vitro

10. dununnoea, T. B. Aywega, U. B. MexesoBa™, T. B. Yem6apoga, H. B. Miennas, U. A. HoukoBa, A. |0. Makcumos,
C.
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C. C. AnuxaHoBa, K. C. EpemuH, A. C. Batynuua, A. B. CHexko, M. A. KoHoBanbumk

HauuoHanbHbI MeANLNUHCKNIA UCCeA0BaTENbCKUIA LIEHTP OHKOMOTMM MUHUCTEPCTBA 3ApaBooxpaHeHuns Poccuiickoit depepauuu,
r. PocTtoB-Ha-[loHy, Poccuiickas ®epepaums

M Mezhevova88@gmail.com

PE3IOME

CapkoMbl MArkux TkaHei (CMT) YacTo pe3nUCTEHTHbI K eYeHnt0. MoUCK HOBbIX MPOTUBOOMNYXOEBLIX COEANHEHUI B OTHOLWEHUM CMT ocTa-
eTcs aKTyasIbHOW 3afayei.

Lienb nccnepoBaHus. M3yunTb YyBCTBUTENIBHOCTb K OCHOBHOMY METabonuTy anb6eHfasona cynbhokcuaa (puko6eHaason) u JoKCopyGULIMHY
nepBuYHbIX KynbTyp CMT pasnnyHbix rMCTONOrMYECKUX NOATUMNOB.

Martepuanbl u MeToAbl. MepBuYHbIe KyNbTypbl 6b1M NoNyYeHbl M3 06pasLoB CMT, nonyyeHHbIX OT paHee He JleYeHbIX NaLMeHToB B Xofe
XUPYPrUYeckoro yaaneHusi onyxonu. B kauecTee nccnefyemMbix BeLWECTB Ucnonb3osany Pukazon® (HUTA-®APM, Poccus) u [lokcopy6uLmH-
JNI3HC® (BEPO®APM, Poccusi). YyBCTBUTENBHOCTb K PUKOGEHAA30/y U AOKCOPYBULIMHY NPOBEPANN C UCNONb3oBaHWeM MTT-TecTa nocne
KYNIbTUBMPOBaHUS C pPUKOGEHA,a30/10M B CEpUM ABYKPATHbIX pa3BefeHuii oT 35,5 Mkmonb/n ao 0,0347 MKMoNb/N Unu OKCOPYGULIMHOM OT
10 mkmonb/n fo 0,009 MkMonb/n B TeyeHne 72 4. inA nsydyeHns Mopdonornyecknx M3MeHeHU KNeTOYHbIX SAEp KNeTKN KynbTUBUpOBanu
C 2 MKMonb/N pukabeHpasona B TeueHue 72 Y, nocne Yero NpoBoawnmn okpawmsanue 1 mxkr/mn Hoechst 33342 (Life Technologies, CLUA),
n doTorpacdmpoBanu B UMbpoBOM aBTOMATUYECKOM MUKpockKore LionHeart FX (BioTek Instruments Inc., CLLUA).

Pesynbratbl. [onyyeHbl 4 nepBUYHbIE KyNbTypbl capkoM. KynbTypbl SAR-1 1 SAR-4 xapakTepu3oBanucb Hanbosnee 6bICTpbIM POCTOM (Bpe-
Msi yABOEeHUs 38 1 27 4 COOTBETCTBEHHO). Hanbonee Mea/iIeHHbIM POCTOM XapaKTepusoBanach KynbTypa SAR-2 (Bpems yaBoeHust 156 u),
B KynbType SAR-3 Bpemsi yaBoeHUs cocTaBuno 45 4. Mo gaHHbIM MTT-TecTa ansa pukobeHgasona ana SAR-1 IC,,—4,54 £ 1,2 MKMONb/N, ANs
SAR-3-3,31 + 0,7 MkMonb/n n ana SAR-4-1,51 £ 0,2 MKMONb/N COOTBETCTBEHHO, MeANIEHHO Aensuiasacsa SAR-2 okasanacb HeYyBCTBUTENbHON
K puko6eHaasony. Liutoctatnyeckan akTMBHOCTb AOKCOPY6ULIMHA Bblia Bbllle, YeM Yy pukobeHaasona. Kynbtypa SAR-2 6bina HaumeHee
uyecTBUTENbHON (IC,; ONpeaenmTb He yaanocs), a SAR-4 (IC,; SAR-4 = 0,16 + 0,01 MkMosb/N1) Hanbosee HyBCTBUTENbHOI K A@ACTBMIO AOKCOPY-
6uumHa. 3Havenue IC ) SAR-1 = 0,64+0,02 mkmonb/n n IC, SAR-3 = 1,8 £ 0,1 MKMonb/n1. BosfieiicTBMe pukobeHaasona Bbi3Basio BbipaXKeHHble
HapyLueHns B sapax B KynbTypax SAR-1 n SAR-4, B SAR-2 1 SAR-3 OHM 6bInN MEHee BbIpaXKeHbl.

3aknioyeHue. PukobeHaa3on okasan LMTocTaTuyeckoe AeiicTBINe Ha NepBuUYHble KynbTypbl CMT, xapakTepuaytoLumecs 6bICTPbIM KNETOUHbIM
POCTOM, HO aKTUBHOCTb 6bl1a HUXE, YeM Y AoKCOpy6ULIMHA. M3MeHeHUs B MOPhONOrnm KINETOK U siaep CBUAETENIbCTBOBANN O BEPOSTHbIX
HapyLUeHusIX B paboTe BepeTeHa AeNIeHNUs U LIUTOCKesNeTa, MPOUCXOASLLMX NOA AeNCTBUEM [aHHOTO coeAnHeHUs. OCOBeHHbIN nHTepec Ans
fanbHenLlero uccnefoBaHna NpeacTaBnsieT KOMGUHUPOBaHWe pukobeHaasona ¢ TakcaHaMu U APYrMMn MHIMGUTOPaMm TyGYIMHOB.

KnioueBble cnoBa: nepBuMYHas KNeTouHas KynbTypa, CapKkoMa MArKux TKaHen, Cy}'lbd)OKCI/Ip. anbbeHpasona, XuMunoTepanus, pMKOéer,a30}'l
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BACKGROUND

Soft tissue sarcomas (STS) are rare malignant tu-
mors of mesenchymal origin, accounting for approx-
imately 1 % of all human malignancies. In Russia,
about 3,000-3,500 new STS cases are diagnosed
annually, with a prevalence of 22.1 cases per 100,000
population [1]. STS are characterized by aggressive
behavior, rapid recurrence, early dissemination, and
high resistance to treatment. Doxorubicin remains
the standard first-line chemotherapeutic drug for ad-
vanced and unresectable STS; however, the response
rate is only around 15 %.

Thus, the search for new compounds with antitu-
mor activity against STS remains an important task.
One promising direction is the exploration of thera-
peutic approaches already tested in other oncolog-
ic diseases. Nitrogen-containing heterocyclic com-
pounds - benzimidazole derivatives — are considered
a promising basis for anticancer agents [2, 3]. In
addition to synthesizing new compounds, repur-
posing approved benzimidazole-based agents is of
great interest, since their safety profile and pharma-
cological properties are already known, potentially
accelerating their introduction as anticancer agents.
Some benzimidazole-based anthelmintic drugs used
in veterinary medicine exhibit antitumor activity in
animals; among them, albendazole and mebendazole
are also approved for treating parasitic infections in
humans [4]. These compounds were later shown to
have cytostatic activity and selectivity toward human
cancer cells. Albendazole, for example, suppresses
tumor cell growth in vitro and in vivo through induc-
tion of oxidative stress and inhibition of B-tubulin
polymerization, leading to impaired glucose uptake,
metabolic starvation, cell-cycle arrest, and apoptosis
in malignant cell cultures, while its inhibitory effect
on normal cells is less pronounced [5]. Currently, sev-
eral clinical trials of albendazole and mebendazole
in various cancers are ongoing, although the number
of enrolled patients remains limited [4]. Researchers
note relatively good tolerability, with only occasional
symptoms of myelosuppression. In isolated cases
of patients receiving mebendazole, a clinical effect
manifested as disease stabilization has been ob-
served [5].
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Several studies have evaluated the antitumor
properties of benzimidazole derivatives in sarcoma
cell cultures. Michaelis M. et al. demonstrated high
sensitivity of Ewing sarcoma cell lines to flubenda-
zole, with relatively low sensitivity observed in os-
teosarcoma and rhabdomyosarcoma cultures; other
sarcoma histotypes were not investigated [6]. There
is also evidence of successful use of albendazole to
enhance the antitumor effect of doxorubicin when
incorporated into composite nanoparticles against
osteosarcoma cell lines [7].

Purpose of the study: to assess the sensitivi-
ty of primary STS cultures of various histological
subtypes to albendazole sulfoxide (ricobendazole)
and doxorubicin, the primary metabolite of alben-
dazole.

MATERIALS AND METHODS

Primary cultures of sarcomas of various histo-
logical subtypes, obtained intraoperatively in the
Department of Bone, Skin, Soft Tissue, and Breast
Tumors of the National Medical Research Center for
Oncology (Ministry of Health of the Russian Federa-
tion) in 2023-2024, served as the material for this
study. The histological diagnosis was confirmed in
the Department of Pathology of the same institution.
The study included treatment-naive patients with
soft tissue sarcomas. Exclusion criteria comprised
prior chemoradiotherapy for soft tissue sarcomas
as well as the presence of blood-borne infectious
diseases.

Tumor samples were transferred from the oper-
ating room in Hank'’s Balanced Salt Solution (HBSS,
Gibco, USA) supplemented with 1 % penicillin—strep-
tomycin (Biolot, Russia) at +4-8 °C and delivered to
the Laboratory of Cell Technologies within 20 minutes
after surgical excision. The tissue was minced with
a scalpel into fragments of 1-2 mm? and placed into
a culture tube containing DMEM medium (Gibco,
USA) with 1 % gentamicin (Biolot, Russia) and colla-
genase type | (300 U/mL; Thermo Fisher Scientific,
USA). The material was incubated for 2 hours at 37 °C
on a shaker.

The resulting cell suspension was passed through
a sterile nylon filter (70 um; Becton Dickinson, USA)
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and washed twice with DMEM (Gibco, USA). Cell
counting and viability assessment were performed
in a Goryaev chamber using 0.4 % trypan blue solu-
tion (Biolot, Russia). Primary sarcoma cultures were
maintained in complete growth medium based on
DMEM (Gibco, USA) supplemented with 10 % FBS
(HyClone, USA), 1 % insulin—transferrin—selenium
(Biolot, Russia), T % NEAA (Gibco, USA), and 1 %
gentamicin (Biolot, Russia). At each passage, cells
were counted and the doubling time was calculated
using the formula DT =t x In(2) / In(n./n,), where DT
is doubling time, t is the time interval between two
measurements, and n, and n, are cell numbers at the
first and second time points, respectively.

Before conducting the main experiments, the pres-
ence of malignant cells in the cultures was confirmed
in the Pathology Department of the NMRC for on-
cology, using standard cytological examination with
azure—eosin staining according to the Romanowsky-
Giemsa method.

Assessment of the Cytostatic Properties

of Ricobendazole and Doxorubicin

As stock solutions of the test compounds, we
used the anthelmintic drug Rikazol® (NITA-PHARM,
Russia) (ricobendazole, albendazole-sulphoxide,
100 mg/mL) and the antitumor drug Doxorubicin-
LENS® (VEROPHARM, Russia) (50 mg/25 mL).
The sensitivity of primary sarcoma cultures to
ricobendazole and doxorubicin was assessed by
constructing dose-response curves using indirect
quantification of viable cells via the MTT assay
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide). Cells were seeded into 96-well plates at
7,000 cells per well in complete growth medium.
After 24 hours, the culture medium was replaced
with medium containing ricobendazole in a series
of two-fold dilutions ranging from 35.5 pmol/L to
0.0347 pmol/L, or doxorubicin in a two-fold dilution
series from 10 pmol/L to 0.009 pmol/L. The con-
centration range for ricobendazole was selected to
include previously reported IC50 values for the struc-
turally related compound flubendazole obtained for
a broad panel of malignant cell lines in the study by
Michaelis M. et al. (2015) [6]. Plates were incubated
for 72 hours, after which the MTT assay was per-

formed according to the standard protocol [8]. Cell
viability was determined as the optical density mea-
sured at 570 nm in treated wells relative to control
wells, expressed as a percentage. Each experimental
condition was assessed in 10 technical replicates,
and the experiment was repeated in three biolog-
ical replicates. Viability values are presented as
mean = SD. Data processing and graph construction
were performed in Microsoft Excel. The half-maximal
inhibitory concentration (IC50) was determined using
the drc package in the R programming language [9].
For curve fitting, a three-parameter logistic model
with a fixed lower limit (c = 0) was applied, without
imposing constraints on the estimated parameters.

d
(T+exp (b(log (x)-log (e))))

where b - is the slope, d — is the upper limit, and
e — is the half-maximal effective dose. In cases
where hormesis was observed, data points lying
above the upper asymptote were excluded from
model fitting. IC,, values are presented as the
mean = 95 % confidence interval.

Analysis of Morphological Features

of Cells and Nuclei

Cells of the investigated cultures were seeded
into 24-well plates and cultured in complete medium
supplemented with 2 yumol/L ricobendazole under
standard conditions for 72 hours. A single concen-
tration of ricobendazole was chosen to allow direct
comparison of culture sensitivity to the compound.
Hoechst 33342 dye (Life Technologies, USA) was
then added to the cultures at a final concentration
of 1 yg/mL, followed by a 20-minute incubation un-
der standard conditions. Subsequently, the cultures
were imaged using a LionHeart FX automated digital
microscope (BioTek Instruments Inc., USA).

STUDY RESULTS

Four primary soft tissue sarcoma cultures of
different histological subtypes were obtained and
demonstrated varying doubling times (Table 1).
At the time of the experiment, cultures SAR-1 and
SAR-4 exhibited the most rapid growth (doubling
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times of 38 and 27 hours, respectively). The slow-
est growth rate was observed in SAR-2 (doubling
time 156 hours), while SAR-3 had a doubling time
of 45 hours. Consequently, the number of passages
completed prior to the experiment differed between
cultures, with the faster-growing cultures reaching
later passages by the start of testing (Table 1).

The assessment of ricobendazole’s impact on
the viability of primary soft tissue sarcoma cultures
demonstrated that the slow-growing pleomorphic
rhabdomyosarcoma culture SAR-2 was insensitive
to the compound. In contrast, the remaining three
cultures showed a pronounced decrease in viability
in response to increasing concentrations of rico-
bendazole (Fig. TA). Among them, the undifferenti-
ated pleomorphic sarcoma culture SAR-4 exhibited
the lowest half-maximal inhibitory concentration

(IC,, SAR-4 = 1.51 £ 0.2 pmol/L) and a clear horme-
sis effect — an increase in cell viability relative to
the untreated control under low concentrations
of the toxicant. The IC,, values for the other two
cultures were IC,; SAR-1 = 4.54 + 1.2 ymol/L and
IC,, SAR-3 =3.31 0.7 pmol/L.

The cytostatic activity of doxorubicin in the stud-
ied cultures was higher than that of ricobendazole;
however, the overall response patterns were simi-
lar for both compounds. The SAR-2 culture was
the least sensitive (IC,; could not be determined
within the tested concentration range), where-
as SAR-4 was the most sensitive to doxorubicin
(IC,, SAR-4 =0.16 + 0.01 pmol/L). The half-maxi-
mal inhibitory concentrations for the remaining two
cultures were IC,; SAR-1 = 0.64 + 0.02 pmol/L and
IC,, SAR-3 =1.8 £ 0.1 umol/L (Fig. 1B).

Table 1. Characteristics of primary soft-tissue sarcoma cultures

Passage at thetime  Doubling time at the

. . . . .
N Culture ID Histological diagnosis Treatment of experiment time of experiment, h
; T Surgical
1 SAR-1 Epithelioid sarcoma treatment only Passage 5 38
g . Surgical
2 SAR-2 Pleomorphic rhabdomyosarcoma treatment only Passage 3 156
X ; ; Surgical
3 SAR-3 Spindle cell/synovial sarcoma treatment only Passage 5 45
Undifferentiated pleomorphic
: sarcoma with infiltrative growth and Surgical
4 SAR-4 areas of high-grade extraosseous treatment only Passage 7 27
osteosarcoma
& 8®
> 140 > 140
3 120 I 3 120
© I o
S 100 b e - 1 > 100 | = e e ]
80 1 s l 80 L ™ ;
| N \\ \l
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Fig. 1. Cytostatic activity of ricobendazole and doxorubicin against primary sarcoma cultures. A — dose-response curve for

ricobendazole; B — dose-response curve for doxorubicin.
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A pairwise comparison of the two compounds
indicates that in SAR-1 and SAR-4 cultures, the cyto-
static activity of ricobendazole was, on average, an
order of magnitude lower than that of doxorubicin.
In the SAR-3 culture, the difference was less pro-
nounced: the IC,; for doxorubicin was only approxi-
mately twofold lower than the corresponding value
for ricobendazole.

Without exposure to the tested compound, cells
of SAR-1 and SAR-2 cultures exhibited an elongated,
spindle-shaped morphology (Fig. 2A, C), whereas the
SAR-3 and SAR-4 cultures consisted predominantly
of cells with an epithelioid appearance (Fig. 2D, G).
Cultivation in the presence of 2 pmol/L ricobendazole
induced changes in monolayer confluence, cell mor-
phology and the appearance of cytopathic features
of varying severity. In the SAR-1 culture, a marked
reduction in confluence was observed, along with
a decrease in the number of cytoplasmic processes
and general compaction of cells (Fig. 2B). A charac-
teristic feature of treated samples was the noticeable
increase in the number of rounded cells in metaphase
(visible metaphase plate) (Fig. 2B, black arrows). In
the SAR-2 culture, ricobendazole exposure induced
changes in cell shape — similar to SAR-1, the cells
became more compact — however, overall monolayer
confluence did not undergo substantial alterations,
and no pronounced cytopathic features were ob-
served (Fig. 2B). In the SAR-3 culture, in contrast to
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the other cultures, a sharp shift in the growth pattern
was documented: instead of forming a two-dimen-
sional monolayer, the cells began forming distinct
three-dimensional spheroid-like colonies attached
to the well bottom (Fig. 2F). Finally, in the SAR-4 cul-
ture, in addition to reduced monolayer confluence, all
cells demonstrated increased cytoplasmic granularity,
a higher number of cells in metaphase (Fig. 2H, black
arrows), and an increased proportion of multinucle-
ated cells (Fig. 2H, white arrows).

Ricobendazole exposure induced pronounced
nuclear abnormalities in the SAR-1 and SAR-4 cul-
tures. In both cultures, apoptotic features were ob-
served, including hyperchromatic fragmented nuclei
(Fig. 3B, H, red arrows).

Alongside these changes, multinucleated cells
with polymorphic nuclei and micronuclei were ob-
served in these cultures. Unlike the fragmented
nuclei characteristic of late-stage apoptosis, these
structures were stained with an intensity typical of
normal nuclei, displayed normal chromatin architec-
ture, and had a smooth, rounded shape (Fig. 3B, H,
blue arrows). In the SAR-2 and SAR-3 cultures, such
features were not detected (Fig. 3D, F).

DISCUSSION

The half-maximal inhibitory concentration values
obtained in our study for three of the four primary

Fig. 2. Effect of ricobendazole at 2 pmol/L on primary sarcoma cultures. Exposure time: 72 h. Objective magnification x5. A = SAR-1
culture, control; B — SAR-1 culture, ricobendazole; C — SAR-2 culture, control; D — SAR-2 culture, ricobendazole; E — SAR-3 culture,
control; F — SAR-3 culture, ricobendazole; G — SAR-4 culture, control; H — SAR-4 culture, ricobendazole.

Annotations: black arrows - cells in metaphase; white arrows — multinucleated cells. Scale bar: 400 pm.
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sarcoma cultures ranged from 1.5 to 4.5 pmol/L.
According to available data, the maximal blood
concentration of albendazole sulphoxide after oral
administration of albendazole at a dose of 400 mg
(6—8 mg/kg) is 0.16-1.58 mg/L, which corresponds
to 0.6—6 pymol/L [10]. Thus, an antitumor effect of ric-
obendazole in humans may theoretically be achiev-
able at doses considered safe and commonly used
for helminthiasis treatment [4].

Based on our findings, it may be hypothesized
that sensitivity to ricobendazole, as well as to doxo-
rubicin, is likely more dependent on the proliferation
index than on the histotype of soft tissue sarcoma
cultures.The observed alterations in cell and nuclear
morphology suggest that the target of ricobendazole
in primary sarcoma cultures may be the microtu-
bules of the mitotic spindle and cytoskeleton. The
action of the compound likely leads to mitotic arrest
at metaphase and to unequal segregation of chromo-
somes, giving rise to micronuclei or mitotic catastro-
phe and subsequent cell death. Disturbances of the
cytoskeleton may also be reflected in the altered cell
shape seen across cultures and the shift in growth
behavior in the spindle-cell/synovial sarcoma SAR-3
culture — from a two-dimensional monolayer to three-
dimensional spheroid-like structures. B-Tubulin has
been indicated as a target for benzimidazole deriv-
atives in the literature [5]. The hypothesis that rico-

bendazole exerts its effect through the cell division
machinery is consistent with the observation that
the slowly proliferating SAR-2 pleomorphic rhabdo-
myosarcoma culture was insensitive to the cytostatic
action of this compound. However, additional studies
are required to verify this hypothesis, as the weak im-
pact on slowly dividing cells is a common feature of
all cytostatic agents, regardless of their mechanism
of action. For example, doxorubicin, to which SAR-2
was likewise insensitive, inhibits DNA synthesis in
proliferating cells without targeting the cell division
apparatus.

Tubulin inhibitors such as paclitaxel and vincris-
tine have been well-established anticancer agents
since the 1960s. Paclitaxel stabilizes microtubules
by shifting the equilibrium toward polymer formation
and thereby lowering the critical tubulin concentra-
tion, disrupting normal microtubule dynamics essen-
tial for spindle function and intracellular transport.
Vincristine, in contrast, is a microtubule-destabilizing
agent that binds specifically to microtubule plus-
ends, preventing polymerization and impairing mi-
totic spindle assembly and function [11]. Although
highly effective, these tubulin inhibitors lack suffi-
cient selectivity for tumor cells, which has stimu-
lated the search for novel agents targeting tubulin
isotypes overexpressed in malignant tumors [12, 13].
The B3-tubulin (TUBB3) isotype is most strongly as-

Fig. 3. Effect of ricobendazole at 2 pmol/L on nuclear morphology in primary sarcoma cultures. Exposure: 72 h. Hoechst 33342
staining. Objective magnification x10. A — SAR-1 culture, control; B — SAR-1 culture, ricobendazole; C = SAR-2 culture, control;
D — SAR-2 culture, ricobendazole; E — SAR-3 culture, control; F — SAR-3 culture, ricobendazole; G — SAR-4 culture, control; H — SAR-4

culture, ricobendazole.

Annotations: red arrows — nuclei with apoptotic features; blue arrows — micronuclei. Scale bar: 200 pm.
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sociated with tumor progression, metastasis, and
chemoresistance [14]. Notably, B3-tubulin overex-
pression correlates with resistance to eribulin in leio-
myosarcoma cells [15]. Its critical role in sarcoma
oncogenesis is further underscored by the sensitivity
of these tumors to the B3-tubulin inhibitor plocabu-
lin [16]. Current evidence suggests that the pro-onco-
genic properties of B3-tubulin are driven by multiple
mechanisms. B3-Tubulin-associated activation of
the transcription factors Snail and ZEB1 may trigger
epithelial-mesenchymal transition [17]. Resistance
to taxanes may be linked to the increased dynam-
ic instability of B3-tubulin-containing microtubules,
conferring reduced susceptibility to microtubule-
stabilizing agents [18]. In addition, B3-tubulin may
protect cells from endoplasmic reticulum stress

and reactive oxygen species-induced stress, there-
by promoting survival during chemotherapy expo-
sure [14, 19]. Possible therapeutic applications of
ricobendazole in sarcomas via its potential interac-
tion with B3-tubulin remain an important subject for
future investigation.

CONCLUSION

Ricobendazole exerted a pronounced cytostat-
ic effect on primary soft tissue sarcoma cultures
characterized by rapid proliferation; however, its ac-
tivity was lower than that of doxorubicin. Particularly
promising is the potential for combining ricobenda-
zole with taxanes and other tubulin-targeting agents
in future studies.
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