UDK: 616.311-002-02:615277.036.8]-085.272:616.15

IMPACT OF ANTIOXIDANTS ON COMPLETE BLOOD
COUNT PARAMETERS AND THEIR ASSOCIATION
WITH THE SEVERITY OF CHEMOTHERAPY-INDUCED
ORAL MUCOSITIS — ANIMAL STUDY

BIIMVJAHUETO HA AHTUOKCUOAHTUTE

BP3 MAPAMETPUTE O4 OAU®EPEHUUJATIHATA
KPBHA CJIIUKA U HUBHATA NMOBP3AHOCT CO
CTENEHOT HA OPAJIEH MYKO3UTUC WHOYUUPAH
o4 XEMOTEPAIMNWUJA — AHUMATJIHA CTYOUJA

Ivanovski K', Kokolanski V', Mitik K', Stefanovska E', Ristoska S', Risteska N', Shopkovski K',
Poposki B.™

'Faculty of Dentistry — Skopje, Ss. Cyril and Methodius University in Skopje, Republic of North Macedonia,
"*Correspondence Author

Abstract

Aim of the study: To evaluate the impact of antioxidants on complete blood count parameters and to investigate their relationship with the intensity of chemotherapy-
induced oral mucositis on an animal model. Material and methods: An animal rat model for oral mucositis induced by cancer chemotherapy was used in the study. The
study involved 40 healthy male adult 9 weeks-old Wistar rats, divided into 5 groups: negative control group; positive control group (5-FU + acetic acid); treatment group 1:
5-FU + acetic acid + vitamin C in alkaline water + glutathione; treatment group 2: 5-FU + acetic acid + zinc sulfate; treatment group 3: 5-FU + acetic acid + vitamin C in
alkaline water + glutathione + zinc sulfate. For each treatment group, prior to 5-FU administration, solutions of antioxidants (individually or combined) were prepared and
given each day for 14 days to assess their protective effects. The cytostatic agent 5-fluorouracil (5-FU) was administered intraperitoneally at a dose of 40 mg/kg on days
15, 17, and 19 to induce immunosuppression. On day 20, oral ulcers were induced using 25 pL of a 30% acetic acid solution applied to the left buccal mucosa under ether
anesthesia. The complete blood count (CBC) was also done on day 20. The initial size of the lesion was measured on day 21. Results: Significant differences between
the groups were identified for the following parameters based on the Kruskal-Wallis test: WBC (p=0.020), RBC (p=0.006), HGB (p=0.003), HCT (p=0.005), MCH
(p=0.002) and PLT (p=0.004). There was no statistically significant difference in the initial lesion size between the four groups treated with 5-FU [Kruskal-Wallis H
(x2=1.574; p=0.665)]. No statistically significant association was registered between the blood parameters and the initial lesion size in the four groups treated with 5-
FU and acetic acid. Conclusion: The modulatory effects of antioxidants may influence oxidative stress and, consequently, impact the hematological profile. While sig-
nificant differences in WBC, RBC, HGB, HCT, MCH and PLT were observed among the groups treated with antioxidants and the negative control group, no significant
differences in lesion size or associations between complete blood count parameters and lesion size were detected. The findings underscore the influence of chemother-
apy and antioxidants on hematological parameters, paving the way for further investigations into the interactions between antioxidants, complete blood count parame-
ters and oral mucositis severity. Key words: oral mucositis, chemotherapy, antioxidants, oxidative stress.

AncTtpakt

Llen Ha tpynoT: [la ce yTBPAM BNMjaHMETO Ha aHTMOKCUAAHCUTE BP3 MapameTpuTe Ha AudepeHLMjanHaTa kpBHa Crivka U Aa Ce UCTPaxi HWBHATa MOBP3aHOCT CO
CTENeHOT Ha OPaHMOT MYKO3UTUC MHAYLWMPaH O XeMoTepanuja Ha aHumaneH mogen. Matepujan n metoan: belue ynotpeben aHMmaneH Moaen Ha CTaopLiv 3a opaneH
MYKO3UTUC MHBYLMpaH of xemoTepanuja. Bo cryavjata 6ea BkmyyeHn 40 matwki craopuy o cojot Wistar, crapu 9 Hepenw, nopenety Bo 5 rpyni: HeratviBHa KOHTPOMHa
Tpyna, No3uT1BHa KOHTponHa rpyna (5-FU + oueTHa kucenuHa), ucnutyeana rpyna 1: 5-FU + oueTHa kucenvuHa + BuTamuH L| Bo ankanHa Boga + riyTaTvoH ; UcuTyBaHa
rpyna 2: 5-FU + oueTHa kucenuHa + LuHK cyndart; uenutysaxa rpyna 3: 5-FU + oueTHa kucenuHa + ButamuH L| Bo ankanHa Boga + ryTaTuoH + Lk cyndar. Bo cekoja
TPpeTMpaHa rpyna, CeKojaHEBHO, BO BpeMeTpaere of 14 neHa npen aaMUHUCTPUpareTo Ha 5-FU, 6ea noarotBeHn 1 aaMUHUCTPUPAHKM PacTBOPU Ha aHTUOKCUAAHTY
(noepnHeYHo W BO KOMOMHaLMja), CO Len eBanyauuja Ha HMBHMOT mpoTekTveH edekT. Liutoctatukot 5-chnyopoypauun (5-FU) Gewe apmuHucTpupan
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MHTpanepuToHeanHo Bo Jo3a of 40 mglkga 15-o1, 17-01 1 19-0T feH, 3a Aa ce npeausBika MMyHocynpecja. Ha 20-0T aeH Belle MHyLMpaHa opanHa ynuepauyja co
nomow Ha 25 uLlHa 30% pacTBop Ha oueTHa KiCenuHa BO Nesata bykanHa nuraBuLia Nof aHecTeswja co etep. [udepeHumjanHata KpBHa Crivka UCTO Taka belue
HanpaBeHa Ha 20-0T feH. [onemuHaTa Ha WHUUMjanHaTa nesvja Gele usmepeHa Ha 21-ot AeH. Pesyntatu: CtaTucTuyki 3HavajHa pasnuka nomery rpynute Gelue
onpegeneHa co nomol Ha Tectot Kruskal-Wallis 3a cneghute napametpu: WBC (p=0.020), RBC (p=0.006), HGB (p=0.003), HCT (p=0.005), MCH (p=0.002) uPLT
(p=0.004). He 6etue peructpupaHa CTaTUCTUYKX 3Ha4YajHa pasnika BO rofieMyHaTa Ha MHULpjanHaTa neauja nomery Yetvpute rpynu Tpetupaiu co 5-FU [Kruskal-WallisH
(X2=1.574; p=0.665)]. He GeLue perucTpupaHa cTaTUCTUYKY 3HA4ajHA NOBP3AHOCT NOMENY XeMaTOMOLLKITE MapaMeTpy 1 roneMiHaTa Ha MHULMjanHaTa neauja Bo
yeTupuTe rpymu TpeTupaHn co 5-FU n ouetHa kucenuHa. 3aknyyok: MoaynaTopHUOT ekt Ha aHTMOKCWAAHTUTE MOXE Aa Brvjae Ha OKCWAATUBHMOT CTPEC, a
nocrnefoBaTenHo 1 Ha XemaTonoLwkuoT npodmn. Mako 6ea peructpupanu sHavajim pasnuki Bo WBC, RBC, HGB, HCT, MCH v PLT nowmery rpynute TpetupaHu co
aHTUOKCUEAHTM W HeraTWBHaTa KOHTpOnHa rpyna, He belue perucTpupaHa 3HadajHa pasnuka BO rofieMvHaTa Ha MHWLMjanHata neavja MoMery rpynuTe, HUTY nak
MOBP3aHOCT Ha napameTpuTe 0f AvcepeHLMjanHaTa kpBHa Crivka v ronieMuHaTa Ha nesvjata. OBWe pesynTaTv ro HarnacyBaaT BMvjaHUETO Ha XemoTepanujata 1
aHTUOKCUAAHTUTE BP3 XEMATONOLLKATE NapameTpu, 0TBOPajku ro MaToT 3a MOHATAMOLLHI UCTPaXyBaka 3a MHTEpaKLyNTE NOMery aHTUOKCAAHTITE, AudepeHLijanHaTa

KPBHa CNiKa 1 CTENEeHOT Ha 0panHMOT MYKO3UTUC. Kﬂy‘iHVI 360pOBM: oparieH MyKo3uUTUC, xeMOTepanMja, AHTMOKCMAAHTK, OKCUOATUBEH CTPEC.

Introduction

Oral mucositis (OM) is one of the most prevalent and
painful side effects experienced by cancer patients under-
going radiotherapy and/or chemotherapy, affecting
20-40% of patients receiving conventional chemothera-
py, approximately 80% of those with hematological
malignancies undergoing myeloablative conditioning
prior to stem cell transplantation, and nearly all patients
with head and neck cancer receiving radiotherapy’.

This complication not only reduces the quality of life
for affected patients but also poses significant challenges
to the integrity and efficacy of the cancer therapy pro-
gram, having a profound and adverse impact on the
patients’ clinical outcomes and overall survival progno-
sis’. Depending on the intensity, OM is clinically charac-
terized by erythema, ulcers, pain and eating difficulties,
consequently leading to weight loss’. OM patients are
often readmitted to the hospital and their hospital stay is
prolonged which increases the economic and social costs’.

Chemo-/radiotherapy-induced reactive oxygen species
(ROS) are associated with OM, thus making the oxidative
stress pathway a target for potential therapeutic effect and
prophylaxis (4). Chemotherapy and oxidative stress can
affect the functions of blood cells, leading to anemia, neu-
tropenia and thrombocytopenia®‘.

Studies®”" report that certain biochemical parameters,
like complete blood count (CBC) parameters, before
starting chemoradiotherapy were highly associated with
the development of severe OM. Identifying the risk fac-
tors for oral mucositis could lead to more accurate clini-
cal evaluation and treatment. However, even though
many factors have been associated with OM""7, literature
still requires additional research to provide a clearer
understanding of this topic.

The aim of this study was to evaluate the impact of
antioxidants on complete blood count parameters and
investigate their relationship with the intensity of
chemotherapy-induced oral mucositis on an animal
model.

Material and methods

To realize the set goal, we used the animal rat model
for oral mucositis induced by cancer chemotherapy by
Takeuchi et al'®.

The study was conducted at the Institute of Biology
(Faculty of Natural Sciences and Mathematics — Skopje)
(Faculty of Veterinary Medicine — Skopje), Ss. Cyril and
Methodius University in Skopje, after approval by the
Ethical Committee for Medical-Dental Research of the
Ss. Cyril and Methodius University in Skopje, Faculty of
Dentistry — Skopje (02-284/2), as well as after receiving
the approval for conducting an animal study by the Food
and Veterinary Agency of the Republic of North
Macedonia (10-3338/8). All procedures were conducted
in compliance with ethical standards approved by the
Animal Ethics Committee of the Ss. Cyril and Methodius
University in Skopje, North Macedonia (03-2525/1),
adhering to the International Guiding Principles for
Biomedical Research Involving Animals as outlined by
the Council for International Organizations of Medical
Sciences (EEC Directive of 1986; 86/609/EEC).

Animals

In this study, 40 healthy male adult Wistar rats, weigh-
ing between 250 and 400g (300.4+38.6g) and 9-weeks-
old, were obtained from the Vivarium at the Faculty of
Natural Sciences and Mathematics in Skopje, Macedonia.
The rats were housed under controlled environmental
conditions, including a temperature of 25 + 2°C, relative
humidity of 55 + 10%, and a 12-hour light/dark cycle.
They were provided with a standard pellet diet consisting
of 20% protein, 30% carbohydrates, 9% fat, 2.5% cellu-
lose, and 10% water, delivering an energy value of 310
kcal, along with free access to water.

Materials

As a chemotherapeutic agent we used >99% (HPLC)
S-fluorouracil (5-FU) (Sigma-Aldrich, Saint Louis, MO
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63103, USA). To induce the oral lesion, we used an aque-
ous solution of glacial acetic acid (Alkaloid AD Skopje,
Skopje, Republic of North Macedonia). As non-enzymat-
ic antioxidants we used Vitamin C (Galenika a.d.,
Belgrade, Serbia) dissolved in alkaline water (Faculty of
Natural Sciences and Mathematics — Skopje, Ss. Cyril and
Methodius University in Skopje), glutathione (NOW
Sports — Nutrition and Wellness, Bloomingdale, Illinois
60108, USA) and zinc sulfate heptahydrate (Sigma-
Aldrich, Saint Louis, MO 63103, USA). To measure the
oral lesions, the animals were narcotized with ether
(Alkaloid AD Skopje, Skopje, Republic of North
Macedonia).

Experimental design

The animals were divided into five groups to evaluate
the effects of antioxidants on chemotherapy-induced oral
mucositis, as follows:

1) Negative control group: received 1 mL of physio-

logical saline intraperitoneally.

2) Positive control group: 5-FU + acetic acid, without

antioxidant treatment.

3) Treatment group 1: 5-FU + acetic acid + vitamin C

in alkaline water + glutathione

4) Treatment group 2: 5-FU + acetic acid + zinc sul-

fate

5) Treatment group 3: 5-FU + acetic acid + vitamin C

in alkaline water + glutathione + zinc sulfate

For each treatment group, prior to 5-FU administra-
tion, solutions of antioxidants (individually or combined)

Table 1. Complete blood count parameters (Mean+SD)

were prepared and given each day for 14 days to assess
their protective effects, including:

- vitamin C in alkaline water (8 mg/kg body weight;
given intragastrically),

- glutathione (4 mg/kg body weight; given intragas-
trically) and

- zinc sulfate (40mg/kg body weight; given intra-
gastrically).

The cytostatic agent 5-fluorouracil (5-FU) was admin-
istered intraperitoneally at a dose of 40 mg/kg on days 15,
17, and 19 to induce immunosuppression. On day 20, oral
ulcers were induced using 25 pL 30% acetic acid solution
applied to the left buccal mucosa under ether anesthesia.
The complete blood count (CBC) was also done on day
20. The initial size of the lesion was measured on day 21.

The data was processed using IBM SPSS Statistics
v24 for Windows.

Results

The complete blood count parameters are presented in
Table 1 as Mean+SD. The Kruskal-Wallis H test was con-
ducted to assess the difference in the complete blood
count parameters between the 5 groups. Significant dif-
ferences were identified for the following parameters
based on the Kruskal-Wallis test: WBC (p=0.020), RBC
(p=0.006), HGB (p=0.003), HCT (p=0.005), MCH
(p=0.002) and PLT (p=0.004). Post hoc pairwise compar-
isons were conducted using the Bonferroni-adjusted
Mann-Whitney U test to control for Type I error.
Significant differences between groups were marked with

WBC RBC HGB HCT MCV MCH MCHC PLT
(x10°/pL) | (x10°/uL) (g/dL) (%) (fL) (p9) (g/dL) | (x10%/uL)
G1 | 9.121.6° | 6.620.2*° | 13.4£0.4** | 38.9+4.5°° | 53.2+15.8 | 27.2£2.9*° | 3611 859+70°
G2 117 9.3+2.3 18+3.2 53.1+12.9 57.3+1.1 19.8+2.4 | 34.6+3.8 | 4501348
G3 | 5+24° 10.711.4° 20+2.3° 62.1+7.7° 57.910.9 18.7+0.4° | 32.3+0.4 | 324+155°
G4 | 59+1.3 | 10.5+0.3° [ 19.9+0.8" 60.7+2.4° 58+1.3 1910.5 32.740.5 | 391+100
G5 | 7.242.3 10.3+0.4 19.4+1.1 59.9+3.3 58+2.2 18.8+1° 32.4+0.8 | 4841118
Table 2. Initial lesion size
Group N Size (mm) / MeantSD Minimum Maximum
G2 8 4.542.7 1 9
G3 8 3.63 0 8
G4 8 4.4+1.9 1 7
G5 8 3.13 0 7
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Table 3. Correlations between the blood parameters and lesion size

WBC RBC HGB HCT MCV MCH MCHC PLT
Lesion =-0.202 =-0.011 | r=0.065 =-0.085 | r=0.133 r=0.140 =-0.289 | r=0.035
size p=0.421 | p=0.965 | p=0.797 | p=0.738 | p=0.600 | p=0.579 | p=0.245 | p=0.891

superscript letters in Table 1, where groups sharing a let-
ter are significantly different.

Table 2 presents the initial size of the lesion in the
groups treated with 5-FU and acetic acid, presented as
Mean+SD, minimum and maximum values. There was no
statistically significant difference in the initial lesion size
between the four groups [Kruskal-Wallis H (y2=1.574;
p=0.665)].

Spearman’s rank correlation coefficient was conduct-
ed to determine the association between the blood param-
eters and the initial size of the lesion. No statistically sig-
nificant association was registered between the blood
parameters and the initial lesion size in the four groups
treated with 5-FU and acetic acid (Table 3).

Discussion

Oral mucositis is an adverse effect of chemotherapy
and/or radiotherapy (head and neck), and in aspect of
chemotherapy, its pathogenesis occurs both by direct tis-
sue damage of the chemotherapeutic agent and by for-
mation of reactive oxygen species as a result of direct
tissue damage". Different risk factors for oral mucositis
are mentioned in the literature, such as: advanced age®?,
lack of appetite®, duration of chemotherapy”, type of
chemotherapy®', disease stage®, salivary composition®
and biochemical parameters>™ . According to the lit-
erature™'*""1>** - hemoglobin, platelets and white blood
cells are the most mentioned complete blood count
parameters associated with oral mucositis, making them
the primary focus of this study.

Hemoglobin: Soutome et al." conducted a retrospec-
tive study of 181 patients to examine the risk factor for
developing severe oral mucositis in patients with oral
cancer undergoing radiotherapy. Their analysis revealed
that lower hemoglobin levels receiving concurrent cis-
platin or cetuximab and not receiving pilocarpine (low
unstimulated salivary flow) correlated with a signifi-
cantly higher incidence of severe oral mucositis. A sim-
ilar study by Nishii et al.” evaluated 326 patients, who
underwent radiotherapy for oral and oropharyngeal can-
cer, to investigate the factors associated with severe oral
mucositis, concluding that low hemoglobin levels, low
leukocytes/lymphocytes, concurrent cisplatin or cetux-

imab treatment, and oral feeding were found to be sig-
nificantly associated with a higher incidence of severe
oral mucositis. Mendonga et al.** found no association
between oral mucositis severity and hemoglobin levels,
while Curra et al.” reported lower levels of hemoglobin
in patients with severe oral mucositis. In our study,
hemoglobin levels increased in the groups treated with
5-FU, withstatistically higher hemoglobin levels being
detected in Groups 3 and 4, compared to Group 1 (con-
trol group) (Table 1). Finkelstein et al.” reported an asso-
ciation between higher plasma vitamin C levels and
higher hemoglobin levels. Vitamin C serves a key role in
the kinetics of iron metabolism and the utilization of iron
for erythropoiesis®. Hanson et al.” reported a significant
improvement in hemoglobin levels in patients with zinc
supplementation, which might be due to the importance
of zinc as a catalyst, structural element and regulatory
ion in the metabolic processes of erythropoiesis. Groups
3 and 4 exhibited smaller initial lesion size compared to
the other groups, but the difference was not statistically
significant [Kruskal-Wallis H (x2=1.574; p=0.665)]
(Table 2). No statistically significant association was
observed between the initial lesion size and hemoglobin
(r=0.065; p=0.797) (Table 3). While it is expected for
chemotherapy to cause myelosuppression, anemia and
lower hemoglobin levels, in our study, the hemoglobin
levels increased in the treatment groups, which can be
explained by the increase of hemoglobin levels in the
plasma, caused by the ROS damage toerythrocytes.
Plasma hemoglobin levels can beconsidered a very good
indicator of the oxidative damage of the erythrocyte
membrane”’. While it is logical for low hemoglobin lev-
els to be negatively associated with the severity of oral
mucositis, the findings in literature are inconsistent.
Platelets: Platelets are a key factor in the injury
repair of ulcers and studies have demonstrated a variety
of cytokines released by the platelets which are impor-
tant for wound healing****. Given that the platelet-
derived growth factor (PDGF) attracts mesenchymal
cells which play a vital role in cell division regulation
and growth, angiogenesis, stimulation of neutrophils and
macrophages chemotaxis, as well as fibroblast prolifera-
tion, indicates that platelet count may be an important
sign for wound healing capability®. Studies®'*'>** report
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that there is an increased risk of occurrence and inverse
association between platelet count and mucositis grade,
i.e. higher pretreatment platelet count resulted in milder
oral mucosal reactions. Contrarily, Damascena et al.**
reported that an increased platelet count was identified
as a risk factor for severe oral mucositis. They elaborate
that these findings might be due to platelet concentrate
transfusions done during the myelosuppression which
can lead to the occurrence of side effects, such as severe
oral mucositis. The platelets in our study decreased in all
groups treated with 5-FU, compared to the control group
(Table 1), with significantly lower platelet levels being
registered in Group 3 compared to Group 1 (control
group). It is already recognized and reported that 5-FU
injections can lead to significant platelet decrease®.
Lesion size was not statistically significantly different
between the treated groups [Kruskal-Wallis H (y2=1.574;
p=0.665)] (Table 2) and no statistically significant asso-
ciation was registered between platelet count and initial
lesion size (r=0.035; p=0.891) (Table 3).

White blood cells: Patients with leukopenia have an
impaired immune system and are at higher risk of bacte-
rial colonization of the damaged epithelium, which can
lead to an increase of pro-inflammatory cytokines in the
oral mucosa, thus aggravating oral mucositis®>*?’,
Studies demonstrate that patients with lower leukocyte
count had severe oral mucositis’?, and that low neu-
trophil count might be a predictor® and risk factor” of
chemotherapy-induced oral mucositis. In our study, the
white blood cells exhibited an increase in Group 2, as
well as a decrease in Groups 3-5, compared to the con-
trol group (Table 1). The decrease in white blood cells
was expected due to the effect of 5-FU to reduce the cir-
culating leukocytes. A statistically significant difference
was registered in the white blood cells count between
Groups 1 and 3. Controversially, the white blood cells
count was highest in Group 2 (Table 1), where the initial
size was also largest, but not statistically different than
the other treated groups [Kruskal-Wallis H (y2=1.574;
p=0.665)] (Table 2). No statistically significant associa-
tion was registered between white blood cells count and
initial lesion size (r=-0.202; p=0.421) (Table 3). The
adequate inflammatory response to the chemotherapy
cytotoxic effects on the oral mucosa might be a result of
a decrease in neutrophils®, which was not the case in
Group 2 of our study. Additionally, even minor mucosal
toxicity may progress to evident ulceration provided the
neutrophil counts are low®.

The lack of a statistically significant association
between the complete blood count parameters and oral
mucositis severity may be attributed to the limitations of
the animal model, which induces lesions irrespective of
the biochemical parameters within the body, due to the

injection of acetic acid. However, these results could
provide valuable insights into how chemotherapy and
treatments influence complete blood count parameters,
contributing to a better understanding of the physiologi-
cal changes induced by these interventions.

The findings reported in this study are only a small
fraction of a more extensive research project, which may
clarify certain methodological peculiarities in the study

Conclusions

The modulatory effects of antioxidants may influence
oxidative stress, and, consequently, may have an impact on
the hematological profile. While significant differences in
WBC, RBC, HGB, HCT, MCH and PLT were observed
among the groups treated with antioxidants and the nega-
tive control group, no significant differences in lesion size
or associations between complete blood count parameters
and lesion size were detected. This lack of correlation might
reflect limitations of the experimental model, where lesion
induction occurs independently of systemic biochemical
factors due to acetic acid injection. Nonetheless, the find-
ings underscore the influence of chemotherapy and antiox-
idants on hematological parameters, paving the way for fur-
ther investigations into the interactions between antioxi-
dants, complete blood count parameters and oral mucositis
severity.
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