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CORRECTION OF PATHOLOGICAL CHANGES
IN SALIVARY GLANDS OF ANIMALS
WITH PACLITAXEL-INDUCED NEUROPATHY

Background. Paclitaxel is a highly effective chemotherapeutic agent used to treat breast, ovarian, and other cancers.
At the same time, paclitaxel causes peripheral neuropathy as a side effect in 45%—70% of patients. Aim. The aim
of the study was to investigate the effect of paclitaxel-induced peripheral neuropathy on the development of pathological
changes in the salivary glands of animals and to explore the possibility of correction of the identified changes with vita-
min B/ATP complex. Materials and Methods. To simulate toxic neuropathy, animals were injected i/p with paclitaxel
2 mg/kg for 4 days. In order to correct the identified changes, rats were injected i/m with vitamin B/ATP complex (1 mg/
kg) for 9 days. In the homogenate of the submandibular salivary glands, a-amylase activity, total proteolytic activity, total
antitryptic activity, the content of medium mass molecules, thiobarbituric acid reactive substances (TBARS), oxidatively
modified proteins, and catalase activity were determined. Results. A significant increase in the content of oxidatively
modified proteins, medium mass molecules, and the content of TBARS and significant decrease in the activity of catalase
and amylase were determined in the salivary glands of animals with toxic neuropathy compared to these parameters
in intact animals. Administration of vitamin B/ATP complex for 9 days against the background of paclitaxel-induced
neuropathy led to normalization of antitryptic activity and amylase activity, a significant decrease in the content of oxi-
datively modified proteins, medium mass molecules, and TBARS along with a significant increase in catalase activity
in the salivary glands of animals compared to the untreated rats with neuropathy. Conclusion. Paclitaxel-induced neu-
ropathy caused the development of pathological changes in the salivary glands of rats, which was evidenced by a car-
bonyl-oxidative stress and impaired protein synthetic function. The correction with vitamin B/ATP complex restored
the protein-synthetic function and the proteinase-inhibitor balance, suppressed the oxidative stress and normalized free
radical processes in the salivary glands of rats.
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In 2020, 19.3 million new cases of cancer and al- | in 2040, the number of cancer cases in the world
most 10.0 million cancer-related deaths were re- | will reach 28.4 million [1, 2]. According to the
corded worldwide. GLOBOCAN predicts that | updated data of the National Cancer Registry
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of Ukraine, in 2021, about 120,000 new cases
of malignant neoplasms and 53,000 deaths were
registered in Ukraine. At the end of 2021, more
than 1 million people with oncological diseases
were registered in medical institutions of Ukrai-
ne [3]. The annual mortality rate from oncological
pathologies is almost 90 thousand patients, 35%
of whom are people of working age [4].

Paclitaxel is a medication used to treat breast,
ovarian, and other cancer types [5]. Despite its
high effectiveness in blocking tumor progres-
sion, paclitaxel also causes peripheral neuropathy
as a side effect in 45%—70% of patients [6, 7]. Ac-
cording to Seretny et al. (2014), paclitaxel-induced
peripheral neuropathy affects from 44% to 98%
of patients and can contribute to the disabling con-
dition of pain from cancer chemotherapy [8].

The current clinical practice of lowering pe-
ripheral neuropathy induced by chemotherapy
is to reduce or stop neurotoxicity [9]. However,
the efficacy of paclitaxel may be impaired if the
dose is reduced. No known therapy has been eftec-
tive in preventing or treating peripheral neuropa-
thy induced by chemotherapy. No single drug has
been found to be effective in preventing or treating
peripheral neuropathy induced by chemotherapy.
In addition, all known treatment options are not
universal, but a combination of therapies may
be more effective than individual drugs in pre-
venting peripheral neuropathy induced by chemo-
therapy [10, 11].

Proper functioning of the salivary glands is clo-
sely related to the activity of various body organs
and systems, such as the adrenal glands, kidneys,
thyroid and pancreas, genitals, digestive system
and cardiovascular system. According to the stu-
dies, the decreased functional activity of salivary
glands can lead to the impaired oral cleansing and,
consequently, poor hygiene; decreased enamel re-
sistance; impaired local immunity; observed nega-
tive effects on oral homeostasis, etc. [12].

Scientific studies suggest a potential associa-
tion between diabetic neuropathy and certain oral
complications, including oral burning syndrome,
dry mouth, impaired taste and smell, periodonti-
tis, tooth loss, temporomandibular joint dysfunc-
tion, etc.

Dry mouth was a common manifestation of both
distal symmetrical polyneuropathy and autonom-
ic neuropathy [13]. Xerostomia and hyposaliva-
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tion were associated with neuropathy in 27.2%
and 22.9% of cases, respectively [14]. It is gene-
rally accepted that the etiology of hyposalivation
in diabetes is associated with impaired parasym-
pathetic vasodilation due to diabetic autonomic
neuropathy [15].

At the same time, the impact of chemothera-
py-induced peripheral neuropathy on the oral or-
gans remains poorly elucidated. In addition, there
is no clear gold standard for the prevention and
treatment of chemotherapy-induced peripheral
neurotoxicity.

B vitamins have been found to play an important
role in the prevention of chemotherapy-induced
peripheral neuropathy, without affecting the effi-
cacy of chemotherapy drugs, except high-dose vi-
tamin B6 [11]. One of the consequences of vitamin
B deficiency, especially B12 deficiency, is known
to be neuropathies, usually accompanied by pa-
resthesia, numbness, and ataxia. Vitamin B12 le-
vels have been shown to decrease rapidly in some
cancer patients, especially during chemotherapy,
and clinical manifestations are noticeable after on-
ly a few months [16]. Animal studies by Hamity
et al. (2017) showed that nicotinamide was both
a protective and therapeutic option for tactile hy-
persensitivity (sensory neuropathy) and escape-
avoidance behavior (motor behavior) that resulted
from paclitaxel administration [17].

The aim of the study was to investigate the ef-
fect of paclitaxel-induced peripheral neuropathy
on the development of pathological changes in the
salivary glands of animals and to explore the pos-
sibility of correction of the identified changes with
vitamin B/ATP complex.

Materials and Methods

The experimental studies were performed on
71 white outbred rats of both sexes weighing 180—
220 g. During the experiments, the regulations
of the 1997 Council of Europe Convention on Bio-
ethics, the European Convention for the Protection
of Vertebrate Animals used for experiments and
other scientific purposes, and the general ethical
principles of animal experiments adopted by the
First National Congress of Ukraine on Bioethics
were followed. To simulate toxic neuropathy, the
animals were intraperitoneally injected with pacli-
taxel (Actavis Ltd; series 5GN5122) 2 mg/kg for 4

39



K. Tykhonovych, T. Kryvoruchko, N. Nikitina, S. Berehovyi, K. Neporada

days (0, 2, 4, and 6). The development of paclita-
xel-induced peripheral neuropathy was confirmed
using the Randall — Selitto analgesimeter method
[18]. In order to correct identified changes, rats
were injected intramuscularly for 9 days with vi-
tamin B/ATP complex commercially produced
as Cocarnit (World Medicine) (1 mg/kg), which
contains 50 mg cocarboxylase, 20 mg nicotin-
amide, 500 ug cyancobalamin, and 10 mg adeno-
sine triphosphate dinatrium. Throughout the ex-
periment, the animals were kept on a standard
vivarium diet. The animals were removed from
the experiment by bloodletting under thiopental
anesthesia.

Inthe homogenate of the submandibular salivary
glands of rats, the following biochemical assays
were performed: a-amylase activity by Caraway,
total proteolytic activity by Ugolev, total antitryp-
tic activity by Veremeenko, the content of medium
mass molecules by Gabrielyan, thiobarbituric acid
reactive substances (TBARS) by Stalna, oxidatively
modified proteins by Dubinina, and catalase ac-
tivity by Korolyuk (the corresponding references
to all these methods are given in [19]).

The results of the experimental studies were
analyzed using methods of variation statistics. The
test for deviation from the normal law was carried
out by calculating the Shapiro — Wilk criterion.
The reliability of the difference in the data, corres-
ponding to the normal distribution, when com-
paring the arithmetic mean values was determined
using Student's ¢-test for the independent samples.
If the data series were not subjected to a normal
distribution, the nonparametric Mann — Whitney
test was used.

Results and Discussion

The administration of low doses of paclitaxel to
rats for 4 days (0, 2, 4 and 6) induced mechanical
hypersensitivity with a gradual onset. It took seve-
ral weeks to reach the peak of paclitaxel-induced
mechanical hypersensitivity, after which it remai-
ned elevated for several months, decreasing with
time, and disappeared about 6 months after the
first paclitaxel injection. Using the Randall —
Selitto strain-gauge test, we found that control and
experimental rats at the start of the paclitaxel-in-
duced neuropathy simulation had a pain sensitivi-
ty threshold (PST) of 100%. The PST measurement
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Pain sensitivity threshold (%) using the Randall — Selitto
strain-gauge method in rats with toxic neuropathy and
correction with vitamin B/ATP complex: 1 — intact rats;
2 — rats simulated with toxic neuropathy without correc-
tion; 3 — rats with toxic neuropathy injected with vitamin
B/ATP complex for 9 days. * p < 0.01 compared to day 0
(before paclitaxel administration); # p < 0.05 compared to
day 16

on the 16th and 25th day of the experiment showed
its insignificant fluctuation within the baseline
level. The increase in PST in rats with the toxic
neuropathy modeling/simulating was significant
on all days of the experiment compared to the ini-
tial value in the animals of the intact group: the
PST increased by a factor of 1.3 on the 16th day of
the experiment and by a factor of 1.6 on the 25th
day of the experiment. There was also an increase
in PST on the 25th day compared to the 16th day,
indicating the development of toxic neuropathy
(Figure).

According to the literature data, the neurotoxi-
city of paclitaxel has been experimentally proven
by the direct damage to the peripheral nerves,
the loss of the neuronal fibers, and demyelination
caused by inhibition of tubulin depolymerization
and consequently the impaired axonal transport
of the major cellular components, causing the de-
generation of the distal nerves [20]. Duggett et al.
[21] suggested that most of the neurotoxic damage
caused by paclitaxel is directed to the spinal cord
ganglion and peripheral sensory nerves, which in-
clude the trigeminal nerve. Staff et al. [22] showed
that paclitaxel induces an altered calcium signa-
ling, the release of neuropeptides and growth fac-
tors, mitochondrial damage, and the formation
of reactive oxygen species and can also activate ion
channels that mediate responses to the extracel-
lular signals. These various changes may be secon-
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dary to the paclitaxel-induced effects on cytoske-
letal microtubules. Pathophysiological processes
induced by paclitaxel include inflammation, oxi-
dative stress, and loss of mainly epidermal nerve
fibers as well as changes in the mitochondrial
function and excitability of peripheral neurons.
In these models, paclitaxel treatment has been
shown to affect different cell types in the perip-

heral and central nervous systems, including spi-
nal cord ganglion neurons, Schwann cells, satellite
glial cells, microglia, epidermis, and spinal ast-
rocytes.

In the rats injected with vitamin B/ATP complex
for 9 days after paclitaxel-induced neuropathy, PST
on the 16th day was insignificantly different from
PST in animals simulated with toxic neuropathy

Biochemical parameters of animal salivary glands in paclitaxel-induced
peripheral neuropathy and correction with vitamin B/ATP complex

Group 3
. . Group 2 Paclitaxel-induced Group 4
Biochemical Group 1 Paclitaxel-li)nduced neuropathy + Intact + Vitl::imin B/ P
parameters Intact neuropathy + vitamin B/ATP ATP complex
complex
Total proteo- 3.33+£0.06 2.79+0.19 0.26 £ 0.07 3.37+0.13 P, ,>0.05
Iytic activity, (n=9) (n=25) (n=22) (n=28) P, ,>0.05
ug/g- min P, ,>0.05
P, ,>0.05
P, ,>0.05
Total antitryptic 32.64+1.74 55.94 £ 6.53 33.24 +£2.38 32.81 £ 1.96 P, ,<0.05
activity, g/kg (n=9) (n=20) (n=22) (n=28) P, ,>0.05
P, ,<0.05
P, ,>0.05
P, ,>0.05
Activity 38.8 +4.67 2375+ 1.61 3591 +3.71 39.76 +2.93 P, ,<0.05
of a-amylase, (n=10) (n=25) (n=22) (n=7) P, ,>0.05
mg/s-L P, ,<0.05
P, ,>0.05
P, ,>0.05
Content 4.25+0.72 9.62+1.14 6.69 £ 0.54 427 £0.36 P, ,<0.001
of TBARS, (n=15) (n=18) (n=22) (n=38) P, ;<0.001
pmol/g P,,<0.05
P, ,>0.05
P, ,<0.01
Content 0.294 + 0.003 0.414 +0.019 0.335+£0.014 0.295 £ 0.006 P, ,<0.001
of medium mass (n=28) (n=25) (n=22) (n=28) P, ,>0.05
molecules, n.u. P, ,<0.001
P, ,>0.05
P, ,>0.05
Content 0.34 £ 0.02 0.46 £ 0.03 0.35+0.03 0.24 £0.03 P, ,<0.05
of oxidatively (n=10) (n=26) (n=20) (n=28) P, ,>0.05
modified P, ,<0.05
proteins, n.u. P, ,<0.05
P, ,>0.05
Catalase activity, 0.74 + 0.034 0.35 + 0.047 0.47 £ 0.035 0.73+0.014 P, ,<0.0001
pkat/g- min (n=10) (n=18) (n=20) (n=28) P, ,<0.05
P, ,<0.05
P, ,>0.05
P, ,<0.05
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without correction and was less by a factor of 1.2
on the 25th day (Figure).

We established that the proteinase-inhibitory
potential in the submandibular salivary glands
of rats in paclitaxel-induced neuropathy did not
change significantly compared to the control
group (Table). Analyzing the total proteolytic ac-
tivity of the salivary glands of animals in all stu-
died groups, we found no statistically significant
changes. The activity of proteinase inhibitors
in animals with toxic neuropathy increased by
1.7 times compared to the control group (Table).

The administration of vitamin B/ATP complex
for 9 days under the conditions of toxic neuro-
pathy normalized the overall antitryptic activity
of the submandibular salivary glands of rats com-
pared to the group of animals that were simulated
without neuropathy correction (Table).

Amylase activity in the salivary glands of pac-
litaxel-induced neuropathy in rats decreased
by 1.6 times compared to control animals, indi-
cating inhibition of protein-synthetic activity. The
administration of vitamin B/ATP complex led
to normalization of amylase activity in the sub-
mandibular salivary glands of the animals (Table).

Analyzing the development of carbonyl oxida-
tive stress in the salivary glands of animals under
modeling of toxic neuropathy, we found a signi-
ficant increase in the content of oxidatively modi-
fied proteins by 1.4 times, in the content of medium
mass molecules — by 1.4 times, and in the content
of TBARS — by 2.3 times compared to these pa-
rameters in the intact animals (Table). The activity
of catalase in the submandibular salivary glands
of the animals under these conditions decreased
twice as much as that of the control (Table). Thus,
the development of paclitaxel-induced neuropat-
hy is accompanied by the development of car-
bonyl oxidative stress in rat salivary glands. The
findings are supported by numerous studies,
in which paclitaxel has been shown to cause mi-
tochondrial damage, leading to the formation
of reactive oxygen species and the development
of intra-axonal oxidative stress. For example, li-
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pid peroxidation was found to increase and glu-
tathione levels were elevated after treatment with
paclitaxel, while the expression of the antioxi-
dant enzyme, superoxide dismutase, was reduced
in sciatic nerve neurons and the dorsal medullary
ganglion [23, 24].

Administration of vitamin B/ATP complex for
9 days against the background of paclitaxel-in-
duced neuropathy modeling led to a significant
decrease in the content of oxidatively modified
proteins, middle molecules, and TBARS in the
salivary gland homogenate as compared to the
rats with modeled toxic neuropathy. The activity
of catalase in the salivary glands of rats injected
with vitamin B/ATP complex for 9 days in pacli-
taxel-induced neuropathy increased significantly
compared to the animals simulated without neu-
ropathy correction, but lower compared to the in-
tact animals (Table).

The attempts to prevent or treat toxic taxane-
induced neuropathy are disappointing in clinical
trials. The only clear success in a large randomi-
zed clinical trial was the demonstration that du-
loxetine provides moderate pain relief in patients
with established chemo-induced peripheral neu-
ropathy [25]. All other studies were either nega-
tive or showed benefits in small cohorts that were
not reproduced [26]. Unsuccessful prophylaxis
trials focused on diffuse neuroprotection and
used agents that exert a cytoprotective antioxi-
dant action and improve a mitochondrial function
(amifostine, glutathione, vitamin E, and acetyl-L-
carnitine). It is expected that more targeted pre-
vention strategies that focus on the unique aspects
of the pathogenesis of toxic neuropathy can pre-
vent this complication, while preserving the tu-
mor-killing properties of taxanes.

In our study, the administration of vitamin B/
ATP complex for 9 days in rats with paclitaxel-
induced neuropathy led to a significant decrease
in the content of oxidatively modified proteins,
medium mass molecules, and TBARS while cata-
lase activity in the salivary glands’ homogenate in-
creased.
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K. Tuxonosuu !, T. Kpusopyuxo !, H. Hiximina?, C. Bepezosuii?, K. Henopada !
! TlonTaBchkuit ep>kaBHMTE METUYHNUTL YHIBEPCUTET
2 IactutyT 6ionorii Ta Megymuy KHY imeni T. llleBuenka, Kuis

KOPEKIIA ITATOJIOTTYHMX 3MIH Y CJIMHHNX 3AJIO3AX TBAPVH
3A YMOB ITAKJIITAKCEJI-IHAYKOBAHOT HEMPOIIATII

[TakiTakcen — BucokoeeKTUBHMII XiMiOTepaleBTUYHMIA 3aci6 /LA JTiKyBaHHA paKy MOJIOYHOI 3a/103H, IEYHUKIB Ta iH.
Y Toii xe 9ac BiH cHpMuMHsAE NepudepndHy Helfpomnario Ak mo6ivHmit edpext y 45—70% xBopux. Mera JocmimKeHHA —
BMBYMTY BIUIMB IAKJIiTaKcelT-iHAyKoBaHOI NeprdepudHOl HeilpomaTii Ha pO3BUTOK ITATOIOTiYHNX 3MiH Yy CIMHHUX 3a-
JI03aX TBAPMH, @ TAKOX 3’SICYBAaTU MOXK/IMBICTb KOPEKIii BUSAB/IEHNX 3MiH KOMIIIEKCOM BiTaMiHiB rpymu B ta ATO.
Marepiamu i Mmerogu. Helipomarito y TBapuH MOJe/I0Ba/IN iHTpallepUTOHEeaIbHIM BBEeIeHHAM MaK/IiTaKkceny (2 Mr/Kr)
ynponosx 4 nHiB. Kopekiito BUsABIeHNX 3MiH 3/Ii/ICHIOBa/IV BBEJIEeHHAM KOMIUIEKCY BiTaMmiHiB rpynu B ta AT® nporsa-
roM 9 z1i6. Y romMoreHari miTHIDKHBOIIENIETHNX CIVHHMX 327103 BU3HAYa/IM aKTUBHICTD a-aMilasy, 3aTajibHy IPOTe0JIi-
TUYHY aKTUBHICTb, 3aTa/IbHy aHTUTPUNTIYHY aKTVBHICTD, BMICT MOJIEKYI cepefHboi Macy, TBK-akTuBHUX IpOAyKTiB,
OKICHO-MOZi}iKoBaHMX Oi/IKiB Ta aKTUBHICTb KaTanasu. PesynbraTi. BcraHOB/IEHO, 1110 32 YMOB MaKJIiTaKce-iHaY-
KOBAHOI HeMPOIaTii y MifHYDKHBOIEENTHNX CIMHHYX 32/I032aX IYPiB IPOTeTHa3HO-iHTri6iTOPHMIT ITOTeH I ial BiporigHO
He 3MiHIOBaBCsI IIOPiBHSHO 3 KOHTPOseM. [TokazaHo BiporigHe 361/1bIIeHHs BMICTY OKICHO-MOAM(DIKOBAHNUX IPOTEIHIB,
MOJIEKYI cepefiHboi Macy Ta BMicTy TBK-aKTMBHUX ITPOIYKTiB 3a YMOB MOJI€/IIOBAHHA TOKCMYHOI HeJIpomnaTii BifTHOCHO
KOHTPO/TIO. AKTUBHICTb KaTanas3y Ta aMiNasy y MiJHIDKHDBOIIEeTeITHUX CIMHHNX 3a/103aX TBAPMH IPK IIbOMY BipOTifHO
3MEHIIYBa/Iach. BBefieHH:A KoMIUleKcy BitamiHiB rpymu B Ta AT® Brnpomosx 9 AHiB 3a yMOB TOKCMYHOI HeBpomarii
HOPpMa/li3yBajio 3arajibHy aHTUTPUIITUYIHY aKTUBHICTb Ta aKTUBHICTb aMijlasy, IPUBOJMIIO [0 BipOTiJHOIO 3HVDKEHHSA
BMICTY OKMCHO-MOAM(DIKOBaHMX IPOTeiHiB, MONEeKyI cepenHbol Macy Ta BMicTy TBK-akTMBHUX IpORYKTiB y romo-
TeHaTi CIMHHUX 3a/I03 TBapUH IOPiBHAHO 3 IPYIIO0 IYPiB, AKUM MOZEIIOBA/IN TOKCUYHY HellpoIaTiio 6e3 KOpeKIil.
AKTUBHICTD KaTajla3y B CIMHHMX 33/103aX UIYPiB, AKMM BBOJIMIN KOMILIEKC BiTaminiB rpynu B ta AT® 3a ymoB maxri-
TaKCe/l-1HIyKOoBaHOI Helfpomnaril, BIpOrifHO 361/IbLIYETHCS y OPIBHIHHI 3 TBAPUHAMIL, SIKIM MOJE/II0BA/IM HEBPOIIATIIO
6e3 KOpeKIiil, ajle € HIDKYOIO IIOPiBHAHO 3 iHTaKTHMMU TBapyHaMu. BucHoBku. IlakiTakcen-ingykoBaHa Heliponarisa
BUK/IMKAE PO3BUTOK MATONOTIYHMX 3MiH y CIMHHMX 3a/103aX LIYPiB, IPO IO CBIAYNTH KapOOHIIbHO-OKCUATUBHII
CTpec Ta MOpYyIIeHHs 610K-cuHTeTnYHOl QyHKIil. EKcIepuMeHTanbHa KOPEKLis KOMIIIEKCOM BiTaMiHiB rpymu B
ta AT® BifHOBMIOBaNTa 61MOK-CUHTETYHY (QYHKIIiF0 CIMHHUX 327103 IIypiB, IPUTHIYyBa/Ia OKCU/IATUBHUIL CTPeC, HOP-
MaJiisyBasa BIIbHOPaMKa/IbHI IIpoliecy Ta BiTHOBIIOBa/IA IPOTeIHA3HO-1HTiOITOpHMII OaaHC.

Kniouosi cmoBa: makiitakcen, nepudepryHa Heilporaris, CIMHHI 321031, OKCUJATUBHUIL CTpeC, BiTaMiHu, HialuH,
TiaMiH, KoOaaMiH.

44 ISSN 1812-9269. Experimental Oncology 46 (1). 2024





