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Abstract

Background and Objective: Cancer is a broad term encompassing a group of diseases characterized by the uncontrolled growth and
spread of abnormal cells. It can affect virtually any part of the body and can arise from various factors, including genetic mutations,
environmental exposures, lifestyle choices and infections. This study aimed to evaluate the effects of two chemotherapy drugs, vincristine
(VCR) and doxorubicin (DOX0), commonly used in cancer treatment, on various biological markers and chromosomal integrity in normal
female mice. Materials and Methods: Forty white female mice were divided into four groups of 10 mice each: Group 1 was treated with
0.2 mL PBS, group 2 was treated with 0.04 mg/0.1 mL vincristine (VCR), group 3 was treated with 0. 06 mg/0.1 mL doxorubicin (DOXO)
outside the untreated group, serum collected from treated animals was evaluated for total sialic acid, lactate dehydrogenase, creatine
kinase enzymes, mitotic index and chromosomal aberration count. Results: Mice treated with VCR showed significantly increased CK
levels in bone marrow cells while LDH levels remained unchanged. The TSA levels in serum and bone marrow homogenates were
significantly reduced in the VCR and DOXO-treated groups (21 and 26-30%, respectively). The Ml also decreased significantly in the
treatment groups (VCR=22%, DOXO =30%). Chromosomal structural aberrations were also observed in the form of breaks, loops or other
forms, although DOXO caused more aberrations. Conclusion: The VCR and DOXO were effective in reducing the severity of TSA and Ml
aswellas changing chromosomal patterns. These results suggest that TSA can be used as an indicator of /n vivocellular response in cancer
patients treated with chemotherapy.
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INTRODUCTION

The potency of chemotherapeutic drugs to control
uncontrolled growth of tumor cells is variable, including
alkylating agents, antimicrotubule agents and topoisomerase
inhibitors. Alkylating agents can alkylate proteins, RNA and
DNA, cross-link with double-stranded DNA, causing breaks
and leading to apoptosis. Therefore, alkylating agents are cell
cycle independent’. Anti-microtubule agents are plant
derivatives that block microtubule function and prevent cell
division. These structures are dynamic and their assembly and
disassembly are correlated with specific phases of the cell
cycle? Vincristine drug (VCR) is a vinca alkaloid gained from
Catharanthus roseus. Itis also known as leurocristine, used in
the treatment of several types of cancer, including acute
lymphocytic leukemia, acute myeloid leukemia, Hodgkin
lymphoma, neuroblastoma and small cell lung cancer*. It is
included in the World Health Organization’s 2019 list of
essential medicines and has been approved by the Food and
Drug Administration since 1963 under the trade name
Oncovin®. Reports have confirmed its ability to inhibit
leukocyte production and maturationS. However, one of the
disadvantages is that it affects all types of rapidly dividing cells
and therefore very specific drug delivery is essential’.
Doxorubicin  (DOX0), chemically known as 14-hydroxy
daunorubicin, is a chemotherapy agent extracted from
Streptomyces peucetius® and sold under the trade name
Adriamycin. It is on the World Health Organization’s List of
Essential Medicines, Geneva 2019, 2021 and on the UK
National Medicines Formulary: BNF 69, 2015. The drug is used
to treat many types of cancer, including breast cancer, brain
cancer, lymphoma and acute lymphocytic leukemia®'. Some
side effects have been associated with treatment with this
medication, including hair loss, bone marrow suppression,
vomiting, skin rash, stomatitis, allergic reactions, anaphylactic
shock, heart damage, urine color and cardiomyopathy'.

The assessment of tumor initiation and progression has
improved significantly to date with the identification of
hundreds of tumor markers'?. These substances can be
produced by the tumor itself or the body in response to a
benign condition'. Measuring tumor marker level before
starting cancer treatment allows doctors to determine the
extent of the disease before treatment and, when
measured during treatment, to monitor the patient’s
response to treatment. If tumor markers decrease to normal
levels after treatment, this may be an indication of a
positive response to cancer treatment'>'3. In this study, Lactate
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Dehydrogenase (LDH)', creatine kinase (CK) (National Cancer
Institute, 2000) and total sialicacid (TSA)" were measured and
used as cell biomarkers for injury.

The purpose of this study was to evaluate the effects of
two commonly used chemotherapy drugs, VCRand DOXO, on
LDH, CK, Sialicacid (SA), chromosomal structural abnormalities
(CSA) and mitotic index (MI) cells in blood serum and bone
marrow cells in a normal female mouse model.

This is a novel study to evaluate the comparative effects
of DOXO and VCR on CSA and Ml compared with TSA levels in
normal female rats.

MATERIALS AND METHODS

Study area: This study was done in Al-Mafraq City in Jordan
starting from April, 2023 and finished in September, 2023.

Animals: Forty mice were procured from the Department of
Medical Technology, Al-Ahliyya Amman University, Jordan.
Then divided into 4 groups, each group of 10 mice: Control
mice group 1 was not treated, group 2 was treated with PBS,
group 3 was treated with 0. 04 mg/0.1 mL VCR and group 4
was treated with 0.06 mg/0.1 mL DOXO.

Animals were treated orally once daily for 10 days and
then sacrificed by cervical dislocation.

Blood was collected in non-heparinized tubes to
coagulate and then centrifuged at 1200 rpm for 10 min and
collected serum was stored at -20°C until further analysis.

Harvestingbone marrow cells: Bone marrow cell suspensions
were collected from mouse femurs, removed and cleared from
the muscle and then injected with PBS (pH 7.2) into one end
of the bone. The cell suspension was collected into a sterile
test tube and centrifuged at 2000 rpm for 10 min. The
supernatant was discarded and the pelleted cells were stored
at-20°C until further evaluation.

Biochemical analysis: Serum collected from treated animals
was evaluated for LD and CK' enzymes based on
spectrophotometric methods. Quantitative determination of
TSA by colorimetric method at 549 nm wavelength is
performed using the SIGMA-Aldrich (MAK314) kit.

Mitoticindex (MI) and chromosomal aberration count (CAC):
The cell suspension obtained in a sterile culture medium tube
was spread on a glass slide and stained with Giemsa dye
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for 2-3 min, washed with Sorensen’s buffer and allowed to air
dry at room temperature. Slides were analyzed under a
compound light microscope Olympus microscopes made in
Japan with an oilimmersion lens (100 X) to determine mitotic
index and chromosomal aberrations.

Mitotic index (M) is defined as the ratio between the
number of mitotic cells and interphase nuclei in 100 cells
applied to the equation’®:

Mitotic index (%) = Number of dividing cells 100
Total number of cells

Chromosomal aberrations were assessed according
to Sharma and Sharma'. Around 100 metaphase cells
were analyzed per treatment to score chromosomal
changes.

Statistical analysis: Collected data were analyzed by
two way ANOVA and SPSS, version 22. Results are regarded as
statistically significant at a probability value p<0.05.

Ethical approval: The experimental protocol underwent
approval by the Animal Ethical Committee within the
Department of Biological Sciences at Al-Bayt University in
Mafraq, Jordan. Animals were handled and cared for in
compliance with CPCSEA regulations before the experiment.
Acute toxicity was assessed following the guidelines set by the
OECD.

RESULTS

The results in Table 1 show serum LDH and CK enzyme
levels after treatment with VCR or DOXO. Both chemotherapy
drugs (VCRand DOXO) significantly reduced the amount of LD
enzyme compared to the normal group or the PBS group.
The CK enzyme concentration increased significantly (50%) in
the VCR group (463%7.74 to 692%11.47) but decreased
insignificantly (7%) in the DOXO group.

The TSA values in serum and bone marrow cells were
shown in Table 2. The values show that VCR and DOXO
significantly reduced serum TSA concentrations (from 475 to
375 (21%) and from 475 to 350 (26%), respectively) and from
10.95 to 8.60 (20%) and bone marrow depression from 10.95
to 7.05 (30%).

It was also found that the mean Ml of bone marrow cells
was significantly reduced in the VCR and DOXO-treated
groups. The VCR resulted in a 22% reduction (from 2.3 to 0.8)
while DOXO resulted in a 30% reduction (from 2.3 to 0.6)
(Table 3).

Study of Giemsa-stained chromosomes from
chemotherapy-treated mice revealed distinctive abnormalities
comparable to control mice.

Chromosomal aberrations in response to VCR and DOXO
included breaks (7 and 9%, respectively), ring chromosome
formation (1% each) and other structure formation (13 and
20%, respectively (Table 4). Additionally, total chromosomal
aberrations (TCA) recorded compared to VCR and DOXO were
21 and 30%, respectively.

Table 1: Measurement of LDH and CK in serum of female mice treated with VCR and DOXO chemotherapeutic drugs

Group LDH level (n=5) CKlevel (n=15)
Normal® 92.43%1.53 461.8+33.5%
PBS (control)® 93.00% 0.58 4631+7.74%
VCR 0.04 mg/0.1 mL¢ 88.00+1.15 692+5.47
11.47%abd
DOXO 0.06 mg/0.1 mL¢ 88.00+1.73 427£5.74%

DOXO: Doxorubicin, LDL: Lactate Dehydrogenase, CK: Creatine kinase, Data are presented as Mean = Standard deviation, 2Normal, °PBS (control), VCR 0.04 mg/0.1mL,

4DOX0 0.06 mg/0.1 mL and statistically significance level at p<0.05 and *p<0.05

Table 2: Measurement of total sialic acid (TSA) in sera and bone marrow cells of female mice treated with VCR and DOXO chemotherapeutic drugs

Group TSA (Blood sera) (n =5) TSA (Bone marrow homogenate) (n = 5)
Normal (untreated control)? 462.5 10.10+0.15

PBS treated (control)® 475 10.95+0.30

VCR treated (0.04 mg/0.1 mL)° 375%* 8.60+0.37*

DOXO treated (0.06 mg/0.1 mL)¢ 350%* 7.05£0.28**

TSA: Total sialic acid, Data are shown as Mean = Standard deviation and significance level p<0.05, *p<0.05 and **p<0.001

Table 3: Mitotic index (M) of bone marrow cell in different groups of female mice treated with VCR and DOXO chemotherapy drugs

Group Mi
Normal® (n = 5) 2.30%+0.12
VCR 0.04 mg/0.1 mL (n=5) 0.8010.20%*a

DOXO0 0.06 mg/0.1 mL (n=5)

0.60£0.19**2

MI: Mitotic index, Data are presented as Mean=Standard deviation, 2Normal and significance level p<0.05, *p<0.05 and **p<0.001
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Table 4: Chromosomal aberration of Bone marrow cell in different groups of female mice treated with VCR and DOXO chemotherapy drugs

Chromosomal aberrations

Group Number of cells Break Ring OSA TCA (%)
Normal 100 0 0 0 0
VCR 0.04 mg/0.1mL 100 7 1 13 21
DOXO0 0.06 mg/0.1TmL 100 9 1 20 30

OSA: Other structural abnormalities and TCA: Total chromosomes aberrations observed

DISCUSSION

The lactate dehydrogenase level in the chemotherapy-
treated mice group (VCRand DOXO) was not far different from
the control group, suggesting that VCR and DOXO have no
role in activating metabolic pathways based on the release of
LDH. The LDH is the enzyme that catalyzes the conversion of
pyruvate to lactate and vice versa, as it converts NAD* to
NADH in both directions of the reaction. It is found in most
living cells and is widely expressed in tissues. It is released
when tissue is damaged and is therefore used as a common
marker of injury and disease'. The LDH is correlated with
tumor initiation and metabolism.

Cancer cells undergo a Warburg effect?’, in which the
majority of their stored glucose is converted to lactate,
favoring fermentative glycolysis, even under fully aerobic
conditions. This leads to faster cell growth and multiplication
than energy production alone?* Therefore, LDH is often used
as a non-specific tumor marker?-2,

The significant increase in CK levels in VCR-treated mice,
but notin the DOXO group, norin the control group, suggests
arolefor VCRininducing cell damage. The most common side
effects of vincristine treatment that have been reported
include sensory problems, hair loss, constipation, difficulty
walking, headaches, lung damage and low white blood cell
counts*. Reports have confirmed its ability to inhibit leukocyte
production and maturation®. However, one of the
disadvantages is that it affects all types of rapidly dividing cells
and therefore very specific drug delivery is essential’. Elevated
blood CK can indicate several tissue damages, such as
rhabdomyolysis, myocardial infarction, myocarditis, endocrine
disorders and musculoskeletal diseases?.

The TSA levels were significantly reduced in mice treated
with VCRand DOXO chemotherapy. This decrease may be due
todruginterference with RNA synthesis or protein synthesis?,
which would affect serum concentrations of glycoproteinsand
one component, sialic acid. The reduction in TSA observed
after DOXO treatment was consistent with the results of a
study Koyama et a/2%, which showed that actinomycin inhibits
oligosaccharide and glycoprotein synthesis. The decrease in
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TSA levels after DOXO treatment may be due to its negative
effect on sialyltransferase activity, which inhibits AS and
prevents the release of sialic acid from cells?”. The TSA may be
a potential biomarker of tumors because levels are elevated in
patients with certain types of cancer?®® and decrease after
treatment with chemotherapy?’. Other studies have shown
that TSA returns to normal levels after chemotherapy
treatment?®3! and thus this biomarker may be useful in
assessing response to chemotherapy32

Studies of the integrity, structure and karyotype of
nuclear chromosomes are important aspects of cancer
research®, Present study showed chromosomal changes,
including breakage and ring formation, after mice were
treated with VCR or DOXO compared with controls. Other
cytogenetic studies in mice after chemotherapy treatment
showed an increase in chromosomal numerical and structural
abnormalities.

The VCR is known to interfere with the cell cycle in S and
G1 phases, causing abnormalities*, due to affected
nucleoproteins®. Vincristine binds to tubulin protein and
participates in tubulin dimerization and microtubule
formation. This causes defects in chromosome segregation
during cell division® and leads to apoptosis. Some antitumor
chemotherapeutic drugs with antibiotic effects, such as
actinomycin D, can cause chromosomal abnormalities in
hamster lymphocyte cultures through the induction of
breakage chromosomes, bicentric chromosomes and
chromosome exchange®. Doxorubicin interacts with DNA,
causing inhibition of macromolecule biosynthesis®. It also
inhibits the progression of topoisomerase Il activity in
unwinding DNA supercoils during transcription®®. By
stabilizing topoisomerase Il which partially intercalates
between DNA base pairs after breaking the DNA strand for
replication, shutting down the integral enzyme prevents DNA
release and stops replication®. Its cytotoxicity may also be due
to its role in the production of free radicals, especially the
quinone type®. Cells exposed to DOXO were found to have
several deficiencies in the cellular response to DNA damage,
such as epigenetic and transcriptional dysregulation*® after
histone export of transcriptionally active chromatin®.
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CONCLUSION

The study’s findings on LDH, CK, TSA and chromosomal
alterations post-VCR and DOXO treatments offer potential
implications for clinical assessments, treatment response
evaluations and advancements in understanding drug-
induced cytotoxic effects. Further research validating these
biomarkers and elucidating underlying mechanisms is
essential for optimizing cancer therapies and improving
patient outcomes.

SIGNIFICANCE STATEMENT

The investigation into vincristine (VCR) and doxorubicin
(DOXO) chemotherapy effects on female mice revealed
significant findings: VCR increased bone marrow CK levels,
while both drugs reduced total sialic acid (TSA), indicating
cellular changes, decreased mitotic index (MI), slowing cell
division crucial in cancer treatment. Genetic effects: DOXO
caused more chromosomal aberrations, highlighting potential
differences in their genotoxic impact. These results provide
vital insights into how VCR and DOXO affect cellular and
genetic levels, paving the way for potential clinical
applications in cancer treatment and monitoring patient
response.
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