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PREVENTION OF PACLITAXEL-INDUCED
MOTOR NEUROPATHY OF FIBULAR

AND TIBIAL NERVES WITH ALPHA-LIPOIC ACID
AND IPIDACRIN HYDROCHLORIDE

IN BREAST CANCER PATIENTS

Aim. To investigate neurofunctional parameters of motor nerves in breast cancer (BCa) patients with paclitaxel-
induced peripheral neuropathy (PIPN) and to determine the feasibility of using alpha-lipoic acid (ALA) in combi-
nation with ipidacrine hydrochloride (IPD) for PIPN prevention. Materials and Methods. The study included 100
patients with BCa stages II—IV, who were treated with polychemotherapy (PCT) according to the AT (paclitaxel,
doxorubicin) or ET (paclitaxel, epirubicin) scheme in the neoadjuvant, adjuvant, or palliative regimens. Patients
were randomized into two groups (n = 50 in each): group I received PCT only; group II - PCT in combination
with ALA + IPD. Electroneuromyographic (ENMG) studies of the motor fibular and tibial nerves were performed
before the start of chemotherapy and after the 3rd and 6th cycles of PCT. Results. Comparison of ENMG param-
eters of the motor nerves of the lower extremities of BCa patients before the start of PCT with these parameters
after 3 and 6 PCT cycles indicated a slightly pronounced but significant decrease in the M-response and partly the
nerve conduction velocity, which progressed with an increase in the cumulative dose of paclitaxel. Despite this,
the average values of ENMG parameters remained within normal limits even after 6 cycles of PCT. The detected
changes indicated a tendency toward axonal damage and mild myelinopathy. Significantly higher M-response rates
of motor nerves were found in patients of group II compared to group I only after 6 cycles of PCT with paclitaxel.
Conclusion. The use of ALA and IPD improves the functional state of the axons in patients with BCa treated with
paclitaxel.

Keywords: paclitaxel, chemotherapy, motor neuropathy, electroneuromyography, alpha-lipoic acid, ipidacrine hydro-
chloride.

Paclitaxel is a taxoid cytotoxic drug first isolated | tubules of malignant cell cytoskeleton, which
from the bark of the Pacific yew tree Taxus brevi- | leads to B-tubulin aggregation, disruption of mi-
folia in 1971 [1]. It acts via binding to the micro- | totic spindles, cell cycle arrest in the GO/G1 and
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G2/M phases, and induction of apoptosis of divid-
ing cells [2]. Taxanes also disrupt the cytoskeletal
structure of healthy cells, leading to numerous
side effects, including neurotoxicity through axo-
nal damage and neuronal demyelination [3]. Pa-
clitaxel-induced peripheral neuropathy (PIPN) is
characterized by numbness, tingling, neuropathic
pain, allodynia, or hyperalgesia, usually occurring
in the distal extremities [4]. Motor neuropathy oc-
curs less frequently and predominantly with high
doses of paclitaxel, causing muscle weakness,
which can occur in both proximal and distal parts
of the body [5].

Symptoms of PIPN lead to disability, interfere
with functional activity, and worsen the quality of
life of patients. Severe neuropathy often necessi-
tates dose reductions, even discontinuation of tax-
ane use, which negatively affects the efficacy and
long-term results of chemotherapy [6, 7].

Despite numerous studies, effective methods for
the prevention and treatment of chemotherapy-in-
duced peripheral neuropathy (CIPN) have not
been found, and the studied agents have not shown
significant results 8, 9]. In our previously pub-
lished study with a similar design, we showed that
an increase in the cumulative dose of paclitaxel
causes the development and progression of axonal
sensory neuropathy. The use of alpha-lipoic acid
(ALA) and ipidacrine hydrochloride (IPD) allowed
reducing a degree of axonal and myelin damage of
the superficial peroneal and sural nerves in patients
with breast cancer (BCa) [10]. The current study is
aimed at further studying the effectiveness of CIPN
prevention, in particular in reducing the neuropa-
thy manifestations of the motor fibular and tibial
nerves in BCa patients.

Materials and Methods

100 BCa patients treated at the CNE “Prykar-
patskyi Clinical Oncology Center of the Ivano-
Frankivsk Regional Council” in 2014—2022 were
included in the study; it was approved by the Bio-
ethics Commission of the Ivano-Frankivsk Na-
tional Medical University. All patients and
30 practically healthy individuals (PHI) provided
informed written consent to participate in the
study. The patients were randomized into two
groups (50 per group), who received polychemo-
therapy (PCT) in combination with an experi-
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mental neuropathy prevention scheme (group II)
or PCT only (group I). There were no statistically
significant differences between the groups in
terms of the stage of the disease, age, concomitant
diseases, and PCT regimens. The methodology,
inclusion and exclusion criteria of the BCa pa-
tients, as well as the features of chemotherapy and
neuropathy prevention have been described in de-
tail in our previous publication, which described
the effectiveness of ALA and IPD for the preven-
tion of paclitaxel-induced sensory neuropathy
based on electroneuromyography (ENMG) data
on the superficial peroneal and sural nerves [10].

In the current study, ENMG of the fibular and
tibial nerves was analyzed on a computerized
two-channel electroneuromyograph Neuro-
EMG-Micro (Neurosoft, RF) according to gener-
ally accepted methods before the beginning, after
the 3rd and 6th cycles of PCT on both lower ex-
tremities, with subsequent averaging of the data.
The following indicators were studied: the ampli-
tude of the potentials of the maximum motor re-
sponse to nerve stimulation at distal and proxi-
mal points (mV), the duration of the M-response
to nerve stimulation at distal and proximal points
(ms), the area of the M-response to nerve stimu-
lation at distal and proximal points (mV x ms),
terminal latency (TL) — the time from the mo-
ment of nerve stimulation at the distal point to
the initial negative deviation of the M-response
(ms), and the residual latency (RL). The nerve
conduction velocity (NCV, m/s) was equal to the
distance between two stimulation points (m) di-
vided by the difference in terminal latencies of
two M-responses (s).

For statistical processing of the data, the descrip-
tive statistics was used.

Results and Discussion

All mean values of EMNG testing of the tibial and
fibular nerves in patients with BCa before the PCT
initiation did not significantly differ from such val-
ues of PHI. After 3 cycles of PCT, the ENMG indi-
cators of the tibial nerves in the patients of group I
showed a significant decrease in the M-response’s
amplitude, duration, and area at the distal and
proximal stimulation points (by 27.3% and 26.5%;
28.4% and 28.9%; 19.1% and 19.4%, respectively)
compared to the lower mean decrease in these in-
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dicators in the patients of group II (by 26.7% and
23.3%; 28.1% and 26.3%; 16.3% and 17.5%, respec-
tively) (Table 1).

The M-response’s amplitude, duration, and area
at the distal and proximal stimulation points of
the fibular nerve in the patients of group I after
three cycles of PCT were significantly lower (by
16.5% and 12.9%; 13.5% and 14.3%; 14.4% and
14.7%, respectively), while in group II, these va-
lues were lower by 12.8% and 10.7%; 11.4% and
10.4%; 8.4% and 10.1%, respectively (Table 2).
Such electrophysiological changes indicate a de-
crease in the functional state of the tibial and fib-
ular nerve axons after 3 cycles of PCT with pacli-
taxel, however, without significant differences be-
tween the groups.

After 6 cycles of PCT, the ENMG values of the
tibial and fibular nerves tended to decrease. In par-
ticular, the amplitude of the M-response of the tib-
ial nerves in the patients of group I was significant-
ly lower by 11.4% and 13.4%, the duration by 13.8%
and 6.9%, and the area by 18.1% and 13.0% at the
distal and proximal points, respectively. In group
II, only the amplitude of the M-response at the
proximal point of the tibial nerve stimulation was
significantly lower by 8.5% and the area at the dis-
tal point by 9.6%.

After 6 cycles of PCT compared to 3 cycles, in
group I, the M-response’s amplitude, duration, and
the area for the fibular nerves were significantly
lower: by 18.4% and 15.8%, 13.9% and 13.6%, and
15.5% and 15.2% at the distal and proximal points,
respectively. In group II, after 6 cycles of PCT, the
average values of the M-response’s amplitude were
significantly lower (by 10.2% and 9.6% at the distal
and proximal points of stimulation of the fibular
nerves) and the area — by 11.5% at the distal point.
These data indicated a progressive deterioration in
the functional state of the axons of both nerves
with increasing the cumulative dose of paclitaxel,
while the changes in the patients of group II were
less pronounced.

Comparison of M-responses of the tibial and
fibular nerves after 6 cycles of PCT between the
groups showed significantly better indicators in
group II: Higher M-response amplitudes of the
tibial nerve at the distal site and of the fibular
nerve at both distal and proximal sites, longer du-
rations at both stimulation sites of the tibial and
fibular nerves, as well as larger areas at the distal
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site of the tibial nerve and the proximal site of the
fibular nerve. Such results indicated a significant-
ly better functional state of the tibial and fibular
nerve axons in patients of group II after 6 cycles
of PCT with paclitaxel.

Also, with increasing cumulative dose of pacli-
taxel in the studied groups, we revealed a tendency
to prolonged residual latency of the tibial nerves
(Table 1), which indicated deterioration of impulse
conduction in the terminals of nerve fibers, as well
as terminal latency, which is responsible for the
NCV in the distal parts of the nerve.

We also observed a slight increase in the tibial
nerve NCV, which in the patients of group I after
6 cycles of PCT was significantly lower by 5.0% com-
pared to the 3-cycle value, which indicated a signi-
ficant decrease in the functional state of myelin.

Regarding the fibular nerves, after 3 cycles of
PCT, a significant lengthening of the TL was ob-
served in the patients of groups I and II (by 6.3%
and 4.1% respectively), which indicated a decrease
in the NCV in the distal sections. After 6 cycles of
PCT, this trend persisted and was even more pro-
nounced: the TL index significantly increased in
the patients of groups I and II (by 5.6% and 4.5%
respectively). In addition, after 3 cycles of PCT,
a significant decrease in the NCV by 6.5% was re-
corded in the patients of group I, which indicated
a deterioration in the functional state of the myelin
of the fibular nerves.

The applied regimen for PIPN prevention in the
patients of group II contributed to certain positive
(but insignificant) trends in the RL, TL, and NCV
values of the fibular and tibial nerves.

In recent years, oxidative stress has been consi-
dered a potentially important factor in the CIPN
development [11—13]. It has been shown that neu-
rons are more sensitive to oxidative stress due to a
low activity of antioxidant enzymes [14]. Studies in
the in vivo and in vitro systems have shown that
treatment with ALA reduced the level of free radi-
cals and oxidative stress, maintained antioxidant
balance, and restored mitochondrial function with
an improved conductivity and decreased damage
to nerve structures, and lower neurological mani-
festations of peripheral neuropathy [15, 16]. Such
data were confirmed by clinical randomized trials,
which indicated a lower severity of CIPN in the pa-
tients treated with ALA compared to the placebo
group [17, 18].
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The disruption of intrasynaptic conduction du-
ring chemotherapy with neurotoxic agents has been
demonstrated in numerous experimental studies.
For this reason, phenylpyrimidine compounds, such
as acetylcholinesterase inhibitors, which are used to
treat Alzheimer’s disease and dementia, namely do-
nepezil, galantamine, and tacrine, are considered po-
tential agents for use in CIPN [19]. Acetylcholines-
terase inhibitors have been reported to have a good
safety profile in humans, and preclinical studies have
provided initial evidence of their efficacy in reducing
neurological manifestations, including tactile allo-
dynia and associated comorbid conditions, in in vivo
models of oxaliplatin-induced peripheral neuro-
pathy [20—22].

Earlier, we have demonstrated the efficacy of
ALA and IPD in preventing PIPN in patients with
BCa using the Total Neuropathy Score, which in-
cluded the motor nerve electromyography (EMG)
parameters. The results suggested that minor or no
change in the total motor nerve action potential
amplitude in combination with severe symptoms of
motor dysfunction and muscle weakness indicates
an idiosyncratic nature of these disorders [23].

Our results of ENMG of motor nerves in pa-
tients with BCa are consistent with the data of
study [24] showing that in patients with BCa,
ovarian, and non-small cell lung cancer treated
with docetaxel or paclitaxel, symptoms or signs of
sensory neuropathy developed in 100% of cases.
The muscle weakness developed in 12% patients
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IBanO-®paHKiBCHKMIT HAlliOHATbHUIT MEAVYHNI YHiBEpCUTET,
IBano-®paHKiBChK, YKpaiHa

I[TPOOUTAKTUKA BUKITNKAHOI TAKJIITAKCEJIOM MOTOPHOT
HEVIPOITATII MAJTOTOMUIKOBVIX TA BEJIMKOTOMUIKOBMX HEPBIB
3A IOTIOMOT OO AJIb®A-JIIITIOEBOI KMCJIOTU TA INIJAKPVHY
TIIPOXJIOPUNTY ¥ XBOPMX HA PAK MOJIOYHOI 3ATTO3U

Mera. Jocnignty HeltpoyHKI[iOHa/IbHI TapaMeTpy MOTOPHUX HEPBIiB XBOPUX Ha pak Mojo4uHOI 3anosu (PM3) i3
HaKTiTakcen-iHgykoBaHoo nepudepuyHoo Hetponarieto (ITIITH) ta 8’sscyBaty goLinpHICTh 3aCTOCYBaHHS anbda-
ninoesoi kucmotu (AJIK) B kombiHanii 3 imigakpunom rigpoxnopuny (II'X) pns if npodinaxtuxu. Marepianu Ta Me-
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Tomu. Y focnifxenns BxaodeHo 100 xsopux va PM3 II-1V crapiit, sikum 6yia mokasaxa nomiximiorepamis (ITXT) sa
cxemoro AT (makmitakcen, fokcopy6iuns) ab6o ET (makmitakcen, emipy6inyH) y Heoa/; IOBAHTHOMY, aJf OBAHTHOMY
abo manmiaTuBHOMY pexxuMi. [larienTiB pangoMisoBaHo y aBi rpymu (n = 50 y KoxkHiit): rpyna I orpumyBana Tinbku
[IXT; rpyna II — IIXT B noepHaHHi 3 BocaimpkyBanuMy npenaparamu npodimaxruxu [TIITH (AJIK B xom6iHamii
3 IT'X). IlpoBopunu enexrpoHeiipomiorpadiune (EHMI') pocnifyKeHHA MOTOPHMX MaJIOTOMITKOBMX Ta BEIMKOTO-
MI/JIKOBMX HEpBiB O Mmo4aTKy Ximioreparii, a Takox micia 3-ro i 6-ro umxinis IIXT. Pesynprarn. IlopiBHAHHA 1O-
kasHukiB EHMI MoTopHUX HepBiB HIDKHIX KiHIIiBOK XBopux Ha PM3 mo movarky IIXT 3 moxasHmkamm micna 3-ox
Ta 6-TU LUKIiB BKa3ajo Ha HE3HAYHO BUPAXKEHeE, ajie JOCTOBipHe 3HIKeHHA M-BIfIOBIifi Ta 4acTKOBE IIBUAKOCTI
nposepnenns 30ymkenna (IIII13), Axe nmporpecysaro 3i 36iIblIeHHAM KyMYITATUBHOI 1031 MaKniTakceny. ITompu ue,
cepepHi sHadyeHHA EHMI nokasHukis sanmuianuch y MexxaXx HopMu HabiTh micnd 6 nuknis IIXT. Takum unHoM, BU-
AIBJIEHI 3MiHM CBiJ4aTh PO T€HAECHIIIO 10 aKCOHAJIbHOIO YPa)KeHHSA Ta MaJ0BMpakeHol MieniHomnarii. BctanoBneHo
MOCTOBIpHO BUIIi OKa3HMKM M-BifiloBifli MOTOpHUX HepBiB y nanieHTiB II-0i rpynu B nmopiBHAHHI 3 faHUMM I-o01
TPYIN, OFHAK TiMbky mmics 6-tv nukiais IIXT 3 maxmitakcenoM, 1o BKa3yBalo Ha Kpaumii pyHKIIIOHAIbHNUIL CTaH
akcoHy Ha ¢oHi 3actocyBanusa npenaparis AJIK ra II'X. BucHoBok. 3actocyBanus AJIK rta II'X moxpaiye ¢ynxui-
OHA/IbHMII CTaH aKCOHIB y MaljieHTin 3 PM3, AKi oTpuMyBamy nakmiTakcesl.

Knrouosi cmoBa: makjitakces, XiMioTeparrisi, MOTOpHA HelfpomnaTis, eneKTpoHeripomiorpadis, anbga-minoesa KUcnoTa,
inribiropu aueTuaxXomiHecTepasm.
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