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Abstract

Myelosuppression is the most common and seriousside effect of chemotherapy.
Oxidative stress, inflammation, and apoptosis are the primary cause of toxicity.This
study was designed to evaluate and compare effects of carvedilol and vitamin D when
used either alone or together for the abrogation of 5-fluorouracil (5-FU) induced
myelosuppression. Carvedilol and vitamin D effects on myelosuppression were not
assessed before.This study was carried out on 50 female Sprague Dawley rats divided
into five equal groups. The bodyweight and blood film were assessed weekly, vitamin D
levels wereassessed at the start and at the end. At the end of the experiment, blood was
collected to perform complete blood count(CBC) and assessreduced glutathione (GSH),
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malondialdehyde (MDA) and tumor necrosis factor alpha (TNFa).The right femurs and
tibiae were processed for examination of histopathological changes and
immunohistochemistry of Bcl-2, while left femurs and tibiae were prepared for bone
marrow cell count.Combination of both carvedilol and vitamin D provide a significant
decrease in MDA, TNF o and a significant increase in GSH, Bcl-2 expression, with
significant improvement in CBC, bone marrow cell count and histopathological finding
when compared to other groups.Carvedilol and vitamin D were found to be promising
candidates for the abrogation of 5-Fu inducedmyelosuppression. Their combination is
superior to treatment by each one alone.

Keywords:Myelosuppression, 5-fluorouracil, carvedilol, vitamin D.
Abbreviations:

(5-FU) 5-fluorouracil

(Bcl-2) B cell lymphoma 2
(CBC) complete blood count
(CMC) Carboxy methyl cellulose
(GSH) Reduced glutathione

(i.p.) intraperitoneal injection
(MDA) malondialdehyde

(PBS) phosphate-buffered saline
(PLTs) Platelets

(RBCs) Red blood cells

(SOD) superoxide dismutase
(TNFa)Tumor necrosis factor alpha
(vit D) vitamin D

(WBCs) White blood cells
(ROS) reactive oxygen species
Introduction:

Myelosuppressionis considered the most common and dangerous adverse effect of
cytotoxic cancer chemotherapy that can interrupt the course of treatment.
Myelosuppression affects not only the course of chemotherapy but also quality of life in
cancer patients (Fernandez-Ortega et al., 2012). It can be induced by most of cytotoxic

chemotherapeutic agents (Xiao et al., 2017).
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5-Fluorouracil (5-FU) is a pyrimidine analogue cytotoxic drugprescribed for
various types of cancers (Bergh et al., 2000; Twelves et al., 2005; Wang et al., 2015). Its
mechanism of action is mediated through irreversible inhibition of the enzyme
thymidylate synthase, so interrupting DNA replication (Longley, Harkin, & Johnston,
2003). Hematopoietic progenitors are rapidly proliferating so, inhibition of DNA
synthesisandincorporation of 5-FU into DNA elicit apoptosis (Li & Slayton, 2013). Also,
5-FU causes an uncontrolled increase in the intracellular reactive oxygen species (ROS)
such as superoxide ions and hydrogen peroxide as well as a reductionin the antioxidant
capacity marked by superoxide dismutase and glutathione peroxidase (Xiao et al., 2017).

Carvedilol is a nonspecific B-blockerwith a adrenergic blocking activityand it was
proved to has unique potent antioxidant and antiapoptotic properties. It is indicated for
the inthe therapy of hypertension and heart failure(Kawai et al., 2004). Carvedilol was
reported to suppress caspase-9 and subsequent apoptotic pathways (Xu et al., 2014). In
addition it was proved to improve the B-cell lymphoma 2 (BCL-2) gene expression,
which possess antioxidant and antiapoptotic properties(Abdel-Raheem et al., 2015).

It is well known that vitamin D (vit D) regulates calcium and phosphorus
metabolism. However, it also has various roles beyond its role in skeletal homeostasis. It
has been reported that it can help prevent chronic diseases like diabetes, cardiovascular
disease, and chronic kidney disease through regulation of oxidative stress by the
following ways; the enhancementof the antioxidant defense system by inducing the
expression of reduced glutathione (GSH), Glutathione peroxidase, and superoxide
dismutase (SOD) and inhibiting the expression of NADPH oxidase (Mokhtari,
Hekmatdoost, & Nourian, 2017). Also, recent studies showed that vitamin D decreased
the apoptosis rate in peripheral blood mononuclear cells (PBMCs) of lupus patients. Also,
vitamin D inhibits apoptosis by increasing the expression of Bcl-2 (Tabasi et al., 2015).

1. Material and methods:
2.1. Drugs and chemicals

Carvedilol, Vitamin D, and 5-fluorouracil were purchased from (Multi-Alpha

Pharma),(HOLLAND & BARRETT), and (Amriya Pharmaceutical Industries-Egypt);

respectively.
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1.2.  Experimental animals

50female Sprague Dawley rats were purchased from the supplier of the Faculty of
Medicine, Tanta University. Those weighing 120— 200 g body weight were used in this
experiment. Before the start of the study, they were acclimated for seven daysunder an
environment of 22 £+ 2, 12 h light/dark cycle, and fed commercial standard chow and tap
water ad libitum. The handling of animals and all experimental procedures were
conducted in accordance with protocols approved by the institutional “Research Ethics
Committee, REC”, Faculty of Medicine, Tanta University, Egypt (Approval no.
33219/07/19).
1.3.  Induction of a myelosuppression model by 5-FU:

Myelosuppression (in groups 2,3,4 and 5) was induced by 5-FU 150 mg/kgas a
single dose by intraperitoneal injection (i.p.)(Park et al., 2012).
1.4, Experimental design and treatment protocol

This study was performed on 50 female Sprague Dawley rats. The animals were
divided randomly into 5 equal groups (10 rats for each).(Group 1) served as the normal
control group, received vehicles of saline (i.p) once, in addition to 0.5% CMC and
distilled water by oral gavage. (Group 2)served as untreated induced-myelosuppression
by 5-FU as a single dose of 150 mg/kg by intraperitoneal (i.p) injection and received
vehicles of 0.5% CMC and distilled water by oral gavage. (Group 3)induced-
myelosuppression group treated by carvedilol in a dose of 10 mg/kg/day by oral
gavage.(Group 4)induced-myelosuppression group treated by Vit D by oral gavage in a
dose of 500 IU /kg/day. (Group 5)induced-myelosuppression group treated by both
carvedilol and vit D in the same doses mentioned before.

Treatment protocol by CMC and distilled water vehicles (for groups 1 and 2) and
by drugs (for groups 3, 4, and 5) was started one week before induction of
myelosuppression and continued tothe end of the experiment on the 21% day. Bodyweight

(g) was recorded daily and blood film was done on zero point, 7", 14" and 21% days.

At the end of experiment (21% day), animals were euthanized by the
administration of phenobarbital sodium and lidocaine, blood was collected from each

animal by intracardiac puncture and divided into two parts; one part was processed for
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complete blood count (CBC) and detection of blood reduced glutathione (GSH), and the
other part was left to clot for 10 minutes at room temperature and then centrifuged for 20
minutes at speed of 2000 r.p.m to obtain serum for assaying serum levels of
malondialdehyde (MDA) and tumor necrosis factor-alpha (TNF-a). The samples were

preserved until assaying at - 80°C.

Then, both femurs and tibiae of each rat were dissected, to clear any red blood
cells and clots, all samples were washed with phosphate-buffered saline (PBS) solution
(pH 7.4). The right femur and tibia were fixed in 10 % formalin and processed
forhistopathological changes and immunohistochemical expression of Bcl-2, while the

left femur and tibia were used to count bone marrow cells by hemocytometer.

1.4.1. The bodyweight (g):
Body weight of each rat was recorded on zero points, 7, 14™, and 21% days.
1.4.2. Leukopenia grade:

Blood film for all groups was done on zero points, 7", 14", and 21% days by
puncture of tail vein of the rat, leukopenia is graded by The World Health Organization
(WHO) grading system which classifies leukopenia during chemotherapy as follows:
absent (grade 0), mild (grades 1), moderate ( grade 2), and severe (grades 3 and 4) (W.
Liu, Zhang, & Li, 2013).

1.4.3. Counting bone marrow cell:

The femurs and tibiae at both ends were cut with sharp sterile scissors using a 26-
gauge needle and a 10-cc syringe filled with phosphate-buffered solution (PBS) to flush
the bone marrow out into a 50 ml Falcon conical tube. Centrifugation of cells at 1,500
rpm for 7 min at 4°C, the cells were resuspended gently by pipetting the cell suspension
up and down. Two ml of cell suspension was taken and mixed with 8 ml of PBS for
dilution to avoid overcrowding of cells.100 pl of the suspension and 100 pl of PBS were
taken in a new eppendorf tube to reach a dilution factor (1) (X. Liu & Quan, 2015).

The full grid on a hemocytometer contains nine squares, each of which is 1 mm?.
Each square of the four corner squares of the hemocytometer contains 16 smaller squares.
Using a hand tally counter, the cells were counted in one set of 16 squares. When

counting, a system was employed whereby cells are only counted when they are set

tp://annalsofrscb.ro 19411


https://www.google.com/search?sxsrf=ACYBGNTdkz8ToG2eYc2GfTWUszlv4AsQeQ:1578333629994&q=eppendorf&spell=1&sa=X&ved=2ahUKEwjLgun6xu_mAhXSxYUKHcBaC4wQkeECKAB6BAgSECk

ils of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 19407 - 19432
iived 25 April 2021; Accepted 08 May 2021.

within a square or on the right-hand or top boundary line to avoid counting cells twice.
The hemocytometer then moved to the next set of 16 corner squares andcounting was
carried on until all 4 sets of 16 corners are counted (Absher, 1973). Cell concentration

can be calculated from the following formula:

dilution factor

Total cells/ml= Total cells counted X X 10,000 cells / ml

number of squares

1.5.  Biochemical analysis:

1.5.1. Determination of blood reduced glutathione (GSH) levels:

The assay of reduced glutathione (GSH) levels (mg/dl) was performed using
Biodiagnostic Kit (Cat. No GR 25 11)according to the method described by Konard.
(Konrad, Richards, Valentine, & Paglia, 1972). It depends on the reduction of 5,5
dithiobis (2 - nitrobenzoic acid) with glutathione (GSH) to produce a yellow compound.
The reduced chromogen directly proportional to GSH concentration and its absorbance

can be measured at 405 nm.
1.5.2. Determination of serum malondialdehyde (MDA) levels:

MDA level was assessedby a kit purchased from Biodiagnostic company (Cat. No
MD 2529),through measuring thiobarbituric reactive speciesaccording to the method
described by Ohkawa(Ohkawa, Ohishi, & Yagi, 1979),wherethiobarbituric acid reactive
product result from reaction of thiobarbituric acid with MDA in a low pH medium at a
temperature of 95°C for 30 min, the absorbance of the formed pink product can be
measured at 534 nm.

1.5.3. Assay (ELISA) of serum tumor necrosis factor- alpha (TNF-a).

It was measured in serum by rat Enzyme-linked immunosorbent(ELISA) kit
obtained from Biodiagnostic Company (Cat. No 201-11-0765) in accordance with the
manufacture's protocol. Measurements of optical density were recorded using a 96-well
microtiter plate reader (photometry at 450 nm) and verified against its standardized curve.
The results were expressed as nanogram per litre(ng/L).
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1.5.4. Assay of serum 25(OH) vitamin D (ng/dl)

Blood was obtained from retroorbital venous plexus by a capillary tube, and
allowed to clot for 10 minutes at room temperature and then centrifuged for 20 minutes at
speed of 2000 r.p.m to obtain serum for further assay of serum levels of 25-hydroxy Vit
D, it was measured on automated fluorescence immunoassay analyzers (Tosoh AIA 1800
ST, Tokyo, Japan) (Kwiecinski, Petrie, & DelL.uca, 1989)

1.6.  Histological examination of hematoxylin and eosin(H&E) stained sections:

The right femur and tibia were decalcified by 15% EDTA for 5 weeks, the EDTA
solution was changed every day then, paraffin sections (4 pm) were prepared and
processed for examination of histopathological changes by light microscopeafter staining
with H&E.

1.7.  Immunohistochemical expression of Bcl-2:

Immunohistochemical staining was performed using Rabbit Anti-Human Bcl-2
monoclonal Antibody (Clone [EPR17509]) obtained from MasterDiagnostica, in
accordance with the manufacturer's instructions, 4 m thick sections of right femurs and
tibiae were mounted on charged slides, dried overnight at 60 °C, deparaffinized,
rehydrated, and heat-induced epitope retrieval boil tissue for 20 minutes at 95 °C using
Master Diagnostica EDTA buffer pH 8. After finishing, rinsed with 3-5 changes of
distilled water and cooled to room temperature for 20 minutes. Peroxidase solution was
used to block for 10 minutes at room temperature. Incubation time for the primary
antibody (Rabbit Anti-Human Bcl-2 Monoclonal Antibody Clone EP36) was 20 minutes.
Finally, hematoxylin counterstaining and final mounting of the slide. The color intensity
was measured using the software (Image J) (National Institute of Health, Bethesda,
Maryland, USA) (Schneider, Rasband, & Eliceiri, 2012), the colourintensiy of Bcl-2
stainingexpressed from zero to 4 grade, cytoplasmic and nuclear staining considered
positive, then one-way analysis of variance (ANOVA) test was used to analyze the data
statistically, followed by Post-Hoc Tukey-s test.

1.8.  Statistical analysis
All obtained data were tabulated and statistically analyzed using Graph Pad Prism

software 5. Shapiro-Wilk test for normality was performed. Data were represented as
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mean + standard error of the mean (SEM).The significance was determined at values of
P<0.05.

2. Results

3.1. Bodyweight results (g) on zero-points, 7, 14" and 21% days: (Fig.1.)

On zero point and 7™ day, values of bodyweight didn't differ significantly between the
different studied groups. While on the 14™ and 21% days, the untreated group displayed a
significant drop in bodyweight value as compared to the normal control group (group 1).
Group treated by carvedilol (Group 3)displayed a significant increase in body weight
value when compared to the untreated myelosuppression group (group 2). Also, the
vitamin D treated group (group 4) displayed a significant increase in bodyweight value
when compared to the untreated myelosuppression group (group 2) and a non-significant
difference in bodyweight value as compared to the carvedilol treated group (group 3).
Group treated by both carvedilol and vitamin D showed a significant rise in body weight
value as compared to the untreated myelosuppression group (group 2), Also it showed a
non-significant difference in bodyweight value as compared to the carvedilol treated

group, as well as vitamin D treated group.
2.2.  Leukopenia grade in blood film at zero-point, 7, 14" and 21 days: (Fig.2)

There was no leukopenia in all groups on zero points and 7™ daywhile on the 14", and
21% days, the untreated myelosuppression group (group 2) revealed leukopenia severe
grade on 21°* day with a non-significant decrease as compared to leukopenia severe grade
on the 14™ day. Carvedilol treated group (group 3), the group treated by vitamin D (group
4), and the group treated by both carvedilol and vitamin D revealed leukopenia mild
grade on the 21* day with significant decrease as compared to moderate leukopenia grade
on the 14" day.

2.3.  Complete blood count (CBC) in different studied groups: (Table 1)

RBCs, WBCs and PLTs counts were significantly reduced in the untreated
myelosuppression group (group 2) compared to the normal control group (group 1), while
the group treated by carvedilol (group 3) and vitamin D treated group (group 4) both
revealed a significant elevation in RBCs, WBCs and, PLTs counts when compared to the

untreated myelosuppression group (group 2), and there was a non-significant difference
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in RBCs, WBCs and PLTs counts when both previous groups compared to each other.
When compared to groups 2, 3, and 4, the group treated with both carvedilol and vitamin
D (group 5) had a significant increase in RBCs, WBCs, and PLTs.

2.4.  Bone marrow cell count (x10*/mm?®) from right femurs and tibiae of different
studied groups: (Fig.3A)

The untreated myelosuppression group (group 2) hada significant lowering in
bone marrow cellcount when compared to the normal control (group 1), carvedilol treated
group (group 3) and vitamin D treated group (group 4) hada significant rise in bone
marrow cell count as compared to the untreated myelosuppression group (group 2) and
there was a non-significant difference when compared to each other. Group treated by
both carvedilol and vitamin D (group 5) displayed a significant elevation in bone marrow
cell count when compared to group 2, group 3, and group 4.

2.5.  Results of blood GSH (mg/dl) and serum MDA levels (nmol/ml): (Fig.4A, 4B)
Comparing the untreated myelosuppression group (group 2) to the normal control group
(group 1); it revealed a significant reduction in blood GSH levels and a significant
elevation in serum MDA levels. In the carvedilol treated group (group 3) and treatment of
myelosuppression by vitamin D (group 4); there was a significant elevation in blood GSH
levels and a significant reduction in serum MDA levels when compared to the untreated
myelosuppression group (group 2), and a non-significant variation as compared to each
other. Comparing group 2, group 3 and group 4 to group treated with both carvedilol and
vitamin D (group 5); displayed a significant rise in blood GSH levels,and a significant
decline in serum MDA levels.

2.6. Results of serum tumor necrosis factor-alpha (ng/L) (TNF-a): (Fig.4C)

The untreated myelosuppression group (group 2) showed a significant increase in serum
TNF o level as compared to the normal control (group 1). Myelosuppression treated by
carvedilol (group 3), and group treated by vitamin D showed a significant decrease in
TNFa level as compared to the untreated myelosuppression (group 2).In the group treated
with both carvedilol and vitamin D (group 5); showed a significant decrease in serum

TNF a level as compared to group 2, group 3, and group 4.
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2.7.Results of serum vitamin D (vit D) levels (ng/dl) before the start (zero-points) and

after the experiment (21% day): (Fig. 5)

Normal control group (group 1); serum vit D level was non significantly different when it
was measured before the experiment at zero-points and after at 21% day. In the untreated
myelosuppression group (group 2); there was a significant decrease in vit D level after

the experiment as compared to its level before at zero points.

2.8.Histopathological examination of H& E stained sections of femoral and tibial

bone marrow by light microscope: (Fig.6)

Group 1 (normal control group) (A, B) where (A) showing normal bone marrow
cellularity (H & E X100). and (B) Higher magnification showing normal bone marrow
cellularity (H & E X 400). Group 2 (untreated myelosuppression) (C, D) where (C)
showing a drastically reduced cellular components (H&E X 100). (D) Higher
magnification showing drastically reduced bone marrow cellularity (H & E X 400).
Group 3 (Carvedilol treated group) (E, F) where (E) showing a mild increase in
cellularity (H & E X 100) and (F) Higher magnification showing a mild increase in bone
marrow cellularity (H & E X 400).Group 4 (vitamin D treated group) (G, H) where (G)
showing a moderate increase in cellularity (H & E X 100). and (H) Higher magnification
showing a moderate increase in bone marrow cellularity (H & E X 400). Group 5 (CARV
= VitD group) (I, J) where (I) showing almost normal bone marrow cellularity (H & E X
100) and (J) Higher magnification showing almost normal bone marrow cellularity (H &
E X 400).

2.9. Results of Bcl-2 immunohistochemical expression in femoral and tibial bone
marrow: (Fig.3B&7)

The untreated myelosuppression group (group 2) displayed a significant decline in the
estimated color intensity of Bcl-2 when compared to the normal control group (group 1).
Group treated by carvedilol (group 3) displayed a significant elevation in the estimated
color intensity of Bcl-2 when compared to group 2. Also, the vitamin D treated group
(group 4) displayed a significant elevation in the estimated color intensity of Bcl-2 when

compared to group 2 and group 3. Treatment of myelosuppression by both carvedilol and
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vitamin D (group 5) showed a significant increase in the estimated color intensity of Bcl-
2 as compared to group 2 and group 3 while, there was a non-significant difference in
estimated color intensity of Bcl-2 as compared to vitamin D treated group (group 4).

2.10.  Correlation of leukopenia grade with GSH, MDA, TNF a levels, and Bcl-2
expression in the untreated myelosuppression group (group 2): (Table.2)

In the untreated myelosuppression group, there was a significant negative
correlation between leukopenia grade and blood GSH level & Bcl-2 expression, also
there was a non-significant positive correlation between leukopenia grade and serum
MDA level, while there was a significant positive correlation between leukopenia and
serum TNF o level.

2.11.  Correlation of bone marrow cells count with GSH, MDA, TNF «a levels, and
Bcl-2 expression in the untreated myelosuppression group (group 2): (Table.3)

There was a significant positive correlation between bone marrow cells count and
blood GSH level & Bcl-2 expression, while there was a significant negative correlation
between bone marrow cells count and serum MDA & TNF o levels.

2.12.  Correlation of serum vitamin D levels with GSH, MDA, TNF a levels, Bcl-2
expression, leukopenia grade, and bone marrow cell count in the untreated
myelosuppression group (group 2): (Table.4)

The untreated myelosuppression group revealed a significant positive correlation
between serum vitamin D levels and blood GSH level, Bcl-2 expression, and bone
marrow cells count, while it revealed a significant negative correlation between serum
vitamin D levels and serum TNF-o levels & leukopenia grade, and a non-significant
negative correlation between serum vitamin D levels and serum MDA level.

3. Discussion

Seeking new approaches for managing myelosuppression is in demand, as all current
available treatments are expensive and ineffective.Blood transfusion, growth factors, and
bone marrow transplantation are the most common procedures. Neutropenia is the most
severe complication of myelosuppression, and blood transfusions are unsuccessful in
reversing it. Chemotherapy regimens that induce profound myelosuppression are treated
with growth factors. Growth factors, on the other hand, require a large enough pool of

hematopoietic progenitors to be successful.
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The present results of the untreated myelosuppression group when compared to
the normal control group showed a significant increase in serum level of MDA and TNF
alpha, while there was a significant decrease in body weight, GSH, RBCs, WBCs and
PLTs count, serum Vit D, bone marrow cell count, Bcl-2 expression and marked
hypocellularity in the femoral and tibial bone marrow.

In the present study, according to the blood film performed on zero points, 7™,
14" 21% days, rats of the "Untreated myelosuppression group" showed grade 4
leucopenia by the day 7" post-injection. Although there is slight recovery started by day
14™ it is non-significant, indicating the importance to start treatment to achieve earlier
improvement of the condition. This result is in agreement with previous studies in mice
and rats(Kojima et al., 2003; Park et al., 2012; Takano, Tanaka, Aoi, Yahagi, & Fushiya,
2004).

5-FU induced myelosuppression is accompanied by marked loss of body weight
(M. Song, Baik, Hong, & Sung, 2016). In the present study, there was a significant
decrease in body weights in the untreated myelosuppression group after induction which
is in line with the results ofprevious studies(Lee et al., 2006; M. Song et al., 2016). 5-FU
injections do significant damage to the gastric epithelium in the stomach and small
intestine tissue, resulting in malnutrition, malabsorption, mucositis, and diarrhea, both of
which contribute to progressive weight loss. (M.-K. Song, Park, & Sung, 2013; Sonis,
2010; Sonis et al., 2004).

The results of the present study showed a significant decrease in the count of the
three hematological parameters WBCs, RBCs and, PLTs in addition to bone marrow
hypocellularity in the group of untreated myelosuppression induced by 5-FU that is in
line with the previous studies (Taylor et al., 2017; Wang et al., 2015).

The findings of this research support the notion that oxidative stress plays a
significant role in the pathophysiology of myelosuppression. Some animals in the
untreated myelosuppression group showed signs of oxidative stress in their blood and
serum, as represented by a significant decrease in reduced glutathione level and a
significant increase in MDA. These results agree with that reported in the previous 5-FU
induced myelosuppression model in rats using GSH and MDA as markers of oxidative
stress(Atiq et al., 2019; M. Song et al., 2016). Also, in the untreated myelosuppression
19418
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group, we found a significant negative correlation between leukopenia grade and blood
GSH level, while a positive correlation between leukopenia grade and MDA level was
present, but this correlation achieved no statistical significance. However, this non-
significant correlation doesn’t deny the causality as it may be attributed to other unknown
undetermined factors owing to oxidative stress being controlled by a wide variety of
enzymatic and non-enzymatic antioxidant molecules (Suhail et al., 2012).

Furthermore, in the present study the untreated myelosuppression group showed a
significant positive correlation between bone marrow cells count and blood GSH level,
while there was a significant negative correlation between bone marrow cells count and
serum MDA level, these results confirm the entanglement of oxidative stress in the
pathogenesis of myelosuppression.

Overproduction of pro-inflammatory cytokines including interferon and tumour
necrosis factor (TNF) has been implicated in the activation of hematopoietic stem cells’
oxidative DNA damage checkpoint mechanisms (Baldridge, King, & Goodell,
2011).Furthermore, oxidative mediators have been shown to activate inflammatory
cascades by upregulating transcription factors, such as nuclear factor-kappa B (NF-kB)
(Savoia & Schiffrin, 2007), which in turn enhances the expression of pro-inflammatory
cytokines, chemokines, adhesion molecules, and inducible nitric oxide synthase in a
vicious cycle (Kleinert, 2004; Tak & Firestein, 2001).

The obtained result of the untreated myelosuppression group revealed a marked
increase in TNF-alpha which proves that inflammation has a main role in the
development of myelosuppression. These results agree with that reported by Xiao et al,
(2017)(Xiao et al., 2017).

In addition to that, the present work showed a negative significant correlation between
bone marrow cells count and levels of TNF-o, and a positive significant correlation
between leukopenia grade and levels of TNF-a, this relationship proved the implication
of pro- inflammatory cytokines in the pathogenesis of myelosuppression. This finding is
in agreement with Stifter et al. (2005) who found a negative correlation between bone
marrow cellularity and peripheral cytopenia and levels of TNF-a in patients with

myelodysplastic syndromes (Stifter, Heiss, Gastl, Tzankov, & Stauder, 2005).
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In the present study, the untreated myelosuppression group showed a significant
decrease in Bcl-2 immunohistochemical expression in bone marrow sections indicating
that cells undergo programmed cell death "apoptosis" when exposed to chemotherapy,
these results agree with previous apoptotic results in myelosuppression models (K
Kontos, Christodoulou, & Scorilas, 2014; Xiao et al., 2017). 5-FU
distributes readily into bone marrow, small intestine, kidney, liver, and spleen (Chadwick
& Chang, 1976; Shirasaka, 2009). In the bone marrow, 5-FU is incorporated in the DNA
and induces oxidative stress, which is partly responsible for myelotoxicity (Schuetz,
Wallace, & Diasio, 1984). The antioxidant potential of hematopoietic stem cells was
found to be weakened by 5-FU, and the intracellular ROS content increased significantly.
When hematopoietic cells are exposed to ROS, they undergo a DNA damage response,
which leads to apoptosis or senescence (Xiao et al., 2017). Also, in the untreated
myelosuppression group, we found a negative significant correlation between leukopenia
grade and Bcl-2 expression in marrow tissue, while there was a positive significant
correlation between bone marrow cells count and Bcl-2 expression which indicated the
less and weak expression of Bcl-2 in marrow tissue, the more severe the
myelosuppression.

Most of the animals of the untreated myelosuppression group compared to the
normal control group in the present study showed a drastic reduction in the cellular
components and these marked histopathological changes are in concordance with that
described by Park et al. (2012)(Park et al., 2012).

It was demonstrated in earlier studies that bone marrow stromal cells express o
and P adrenergic receptors (Kotova et al., 2014). Interestingly, carvedilol significantly
inhibited H,O,-induced reactive oxygen species formation, apoptosis, and subsequent cell
death in BMSCs (M. Chen, Chen, & Lin, 2016).

The present study showed that treatment by carvedilol provided antioxidant, anti-
apoptotic, and anti-inflammatory effects as evidenced by a significant decrease in MDA,
TNF-alpha, and a significant increase in GSH and Bcl-2 expression when compared to
the untreated myelosuppression group.

These results agree with the reported antioxidant and anti-inflammatory effects of

carvedilol in rat kidney mitochondria (Rodrigues et al., 2011), reduction of TNF alpha

tp://annalsofrscb.ro 19420



ils of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 19407 - 19432
iived 25 April 2021; Accepted 08 May 2021.

and MDA in cadmium-induced cardiotoxicity (Refaie, El-Hussieny, Bayoumi, &
Shehata, 2019). Furthermore, it decreased MDA and increased GSH in experimental
myocarditis (Yue-Chun et al., 2010). Because of the anti-apoptotic effects caused by
carvedilol in the present study, other previous studies confirmed the effect of carvedilol
on increasing Bcl-2 expression at different tissues including kidney (Abdel-Raheem et
al., 2015; Ahmed, Ebaid, EI-Nahass, Ragab, & Alhazza, 2020) and cardiac tissue
(Zhang, Yang, & Zhang, 2019).

These findings were reflected histopathological as a mild improvement of the cellularity
of bone marrow, as well as the disease outcome in the form of improvement of the bone
marrow cell count and the three hematological parameters (RBCs, WBCs and PLTS)
when compared to untreated myelosuppression group. Also, carvedilol ameliorated the
decrease in body weight which is in line with previous studies performed on diabetic rats
(Zheng, Li, Gao, Zhang, & Robinson, 2019). However, this effect was probably due to
decreased disease activity as carvedilol itself has no direct effect on bodyweight (Eid,
Abdelkader, Abd El-Raouf, Fawzy, & Ezz-EI-Din, 2016).

Patients taking chemotherapy were four times more prone to develop severely
depressed levels of vitamin D compared to those not on chemotherapy (Fakih et al.,
2009).

However, to our knowledge vit D level in 5-FU induced myelosuppression was not
assessed before. So, it is of great interest to assess it in our study, where the untreated
myelosuppression group showed a significant decline in Vit D level after induction of
myelosuppression by 5-FU as compared to its level before 5-FU injection.

Via activation of the enzyme glucose-6-phosphate dehydrogenase (G6-PDH), which
downregulates nitrogen oxide and upregulates superoxide dismutase, vitamin D increases
the expression of glutathione peroxidase and affects glutathione formation (SOD). These
effects of vitamin D minimize the burden of intracellular ROS. (Y. Liu, Hyde, Simpson,
& Barycki, 2014).

Also, hypovitaminosis D and the resulting defective mitochondrial activity also
induce and increase inflammation, which is known to cause cellular damage and
apoptosis (da Luz Dias et al., 2018; Morris & Maes, 2014). As a result, the anti-
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inflammatory effects of adequate vitamin D levels are of important consideration (Berk
etal., 2013).

In this framework, the untreated myelosuppression group in our present study
revealed a significant positive correlation between serum vitamin D levels and blood
GSH level, Bcl-2 expression, and bone marrow cell count and there was a significant
negative correlation between serum vitamin D levels and serum TNF a levels &
leukopenia grade. While there was a non-significant negative correlation between serum
vitamin D levels and serum MDA level. These findings are in line with a previous study
in which significant intercorrelation was reported between serum vitamin D level and
apoptotic, oxidative, and inflammatory markers in patients with chronic viral hepatitis C,
and the deficiency in vitamin D levels was shown to have a critical role in the
pathogenesis of hepatitis via apoptotic, oxidative stress, and inflammatory mechanistic
pathways (Gabr et al., 2016).

Our study revealed that the vitamin D treated group when compared to the
untreated myelosuppression group, provided antioxidant, anti-inflammatory, and anti-
apoptotic activities which is proven by a significant increase in the GSH and Bcl-2
expression and a marked decrease in MDA, TNF alpha levels.

In this context, these results are in line with BaSalamah et al. (2018), who proved
that vitamin D increase GSH and reduce MDA and TNF alpha levels in rats withrenal and
testicular injuries (BaSalamah et al., 2018), Furthermore, vitamin D was recently
evaluated to decrease TNF alpha in rat treated with 5-FU (S.-C. Chen et al., 2020).

Regarding Bcl-2 expression in bone marrow sections, there is a moderate increase
in Bcl-2 antiapoptotic marker in vitamin D treated group as compared to the untreated
myelosuppression group, a result which is consistence with previous reports performed
on rats with ischemic-reperfusion hepatic injury and rat model of periodontitis and
obstructive pulmonary disease respectively in which vitamin D increased the expression
of Bcl-2 (Han et al., 2019; Seif & Abdelwahed, 2014).

Moreover, histopathological examination revealed that the cellularity of the bone
marrow was moderately increased in the vitamin D treated group as compared to the

untreated myelosuppression group.
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This was reflected in the disease outcome which was proved by the marked
increase in the bone marrow cell count and the complete blood count results and
improvement in body weight when compared to the untreated myelosuppression group.

When the carvedilol group and the vitamin D treated group were compared to
each other, they didn't show any difference as regards to their antioxidant and anti-
inflammatory effects. However, the vitamin D treated group showed superiority in its
antiapoptotic effects as compared to the carvedilol treated group, this may be a result of
the presence of vitamin D receptors in the bone marrow tissue (Langub, Reinhardt,
Horst, Malluche, & Koszewski, 2000; Paubelle et al., 2020). Moreover, as mentioned
before that vitamin D deficiency itself contribute to apoptosis (Gabr et al., 2016) so,
compensation of this deficiency in the group treated by vitamin D protected from this
effect in addition to the antiapoptotic effect of vitamin D itself that abrogated apoptosis
induced by 5-FU. On the other hand, the carvedilol treated group and the it D treated
group did not show any significant difference in the disease outcome regarding the
histopathological finding, CBC, and the bone marrow cell count.

The group treated by both carvedilol and vitamin D showed an evident
antioxidant, anti-inflammatory, and anti-apoptotic effects proved by a significant decline
in MDA, TNF alpha, and a significant increase in GSH and Bcl-2 expression as
compared to the untreated myelosuppression group. Moreover, histopathological
examination showed apparently normal bone marrow cellularity that is reflected on the
outcome of the disease as improvement of the CBC and increased bone marrow cells
count.

When the combination group is compared to the carvedilol treated group, it
revealed superiority with regard to anti-inflammatory, anti-oxidant, and anti-apoptotic
effects.

On the other hand, when the combination group was compared to the vitamin D
treated group, it provided superiority as regards to its anti-inflammatory and anti-oxidant
effects. Although, it didn't show an advantage over the vitamin D group as regards the
antiapoptotic effect presented. However, it revealed apparently normal bone marrow

cellularity as regards histopathological findings which were reflected on the disease
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outcome proved by a significant increase in CBC and bone marrow cell count as
compared to the other treated groups.
4. Conclusion

Carvedilol and vitamin D are promising candidates for the prevention of
myelosuppressioncaused by cytotoxic drugs through combined antioxidant, anti-
inflammatory, and antiapoptoticmechanisms. Their combination is superior to treatment
by each one alone. Moreover, these findings should be confirmed in humans in future

clinical trials.
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(Table 1): Complete blood count (CBC) values in different studied groups

Groups | Groupl | Group2 |Group3 | Group4 Group | One-way
(Normal | (Untreate (Vit D) 5 ANOVA
control) d (CARV) (n=10) | (CARV + | Fvalue

(n=10) myelosup (n=10) Vit D) (P value)
CBC p-ression) (n=10)
Values (n=10)
Red 7.75+0.29 | 3.98+0.28 | 5.78+0.3 | 6.01+0.35 | 7.53+0.49 | 17.35
blood P1<0.001 |6 P2 <0.001 | P2<0.001 | (P<0.001)
cells P2 P3 NS P4 <0.01
(RBCs) <0.001 P5 <0.01
(x10%/ul)
White 8.01+0.51 | 1.64+0.40 | 4.61+0.2 | 4.86+0.46 | 7.14 £0.45 | 33.95
blood P1<0.001 |6 P2 <0.001 | P2 <0.001 | (P<0.001)
cells P2 P3 NS P4 <0.001
(WBCs) <0.001 P5 <0.001
(x10%/ul)
Platelets | 823.2+24. | 137.6+42. | 466.3+36 | 457.9+34. | 676.9+76. | 31.63
(PLTs) |87 45 .98 07 01 (P<0.001)
(x10%/pl) P1<0.001 | P2 P2 <0.001 | P2 <0.001
<0.001 P3 NS P4 <0.001
P5 <0.01
Values expressed as meant SEM, n= number, NS=non-significant
Tukey test
P1: Group 2 (Untreated myelosuppression) Vs group 1 (Normal control)
19425
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P2: Group 3 (CARV), group 4 (Vit D) and group 5 (CARV + Vit D) Vs group 2
(Untreated myelosuppression)
P3: Group 4 (Vit D) Vs Group 3 (CARV)
P4: Group 5 (CARV + Vit D) Vs group 3 (CARV)
P5: Group 5 (CARV + Vit D) Vs group 4 (Vit D)
— CARYV = Carvedilol, Vit D= Vitamin D.

Table (2): Correlation of leukopenia grade with GSH, MDA, TNF alpha levels, and Bcl-
2 expression in the untreated myelosuppression group (group 2).

Pearson correlation coefficient (r)
Leukopenia grade
r P Value

Blood reduced | -0.889 P <0.001
glutathione (GSH)
Serum 0.510 P NS
malondialdehyde
(MDA)
Serum tumor | 0.811 P<0.001
Necrosis factor
alpha (TNF a)
Bcl-2 expression 0.745 P<0.01

Table (3): Correlation of bone marrow cells count with GSH, MDA, TNF alpha levels,
and Bcl-2 expression in the untreated myelosuppression group (group 2).

Pearson correlation coefficient (r)
Bone marrow
cells count
r P Value
Blood reduced | 0.943 P <0.001
glutathione (GSH)
Serum -0.700 P <0.01
malondialdehyde
(MDA)
Serum tumor | -0.897 P <0.001
Necrosis factor
alpha (TNFa)
Bcl-2 expression 0.850 P<0.001
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Table (4) Correlation of serum vitamin D levels with GSH, MDA, TNF a levels, Bcl-
2 expression, leukopenia grade, and bone marrow cell count in the untreated
myelosuppression group (group 2):

Pearson correlation coefficient (r)
Serum vitamin D
levels
r P
Value
Blood reduced | 0.830 P <0.001
glutathione (GSH)
Serum
malondialdehyde -0.579 P NS
(MDA)
Serum tumor necrosis
factor alpha (TNFa) -0.780 P <0.001
Bcl-2 expression 0.840 P<0.001
Leukopenia grade 0.859 P<0.001
Bone marrow cells | 0.970 P<0.001
count
References

1. Abdel-Raheem, M., Salim, S., Mosad, E., Al-Rifaay, A., Salama, H., & Hasan-

Ali, H. (2015). Antiapoptotic and antioxidant effects of carvedilol and vitamin E
protect against diabetic nephropathy and cardiomyopathy in diabetic wistar albino
rats. Hormone and metabolic research, 47(02), 97-106.

Absher, M. (1973). Hemocytometer counting. In Tissue Culture (pp. 395-397):
Elsevier.

Ahmed, O. M., Ebaid, H., EI-Nahass, E.-S., Ragab, M., & Alhazza, 1. M. (2020).
Nephroprotective Effect of Pleurotus ostreatus and Agaricus bisporus Extracts and
Carvedilol on Ethylene Glycol-Induced Urolithiasis: Roles of NF-kB, p53, Bcl-2,
Bax and Bak. Biomolecules, 10(9), 1317.

Atiqg, A., Shal, B., Naveed, M., Khan, A., Ali, J., Zeeshan, S., . .. Khan, S. (2019).
Diadzein ameliorates 5-fluorouracil-induced intestinal mucositis by suppressing
oxidative stress and inflammatory mediators in rodents. European journal of
pharmacology, 843, 292-306.

Baldridge, M. T., King, K. Y., & Goodell, M. A. (2011). Inflammatory signals
regulate hematopoietic stem cells. Trends in immunology, 32(2), 57-65.

tp://annalsofrscb.ro 19427



ils of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 19407 - 19432

iived 25 April 2021; Accepted 08 May 2021.

10.

11.

12.

13.

14.

15.

16.

17.

tp://annalsofrsch.ro

BaSalamah, M. A., Abdelghany, A. H., EI-Boshy, M., Ahmad, J., Idris, S., &
Refaat, B. (2018). Vitamin D alleviates lead induced renal and testicular injuries
by immunomodulatory and antioxidant mechanisms in rats. Scientific reports,
8(1), 1-13.

Bergh, J., Wiklund, T., Erikstein, B., Lidbrink, E., Lindman, H., Malmstrom, P., .
.. Anker, G. (2000). Tailored fluorouracil, epirubicin, and cyclophosphamide
compared with marrow-supported high-dose chemotherapy as adjuvant treatment
for high-risk breast cancer: a randomised trial. The Lancet, 356(9239), 1384-1391.
Berk, M., Williams, L. J., Jacka, F. N., O’Neil, A., Pasco, J. A., Moylan, S., . ..
Byrne, M. L. (2013). So depression is an inflammatory disease, but where does
the inflammation come from? BMC medicine, 11(1), 1-16.

Chadwick, M., & Chang, C. (1976). Comparative physiologic dispositions of 5-
fluoro-2'-deoxyuridine and 5-fluorouracil in mice bearing solid L1210
lymphocytic leukemia. Cancer Treatment Reports, 60(7), 845-855.

Chen, M., Chen, S., & Lin, D. (2016). Carvedilol protects bone marrow stem cells
against hydrogen peroxide-induced cell death via PI3SK-AKT pathway.
Biomedicine & Pharmacotherapy, 78, 257-263.

Chen, S.-C., Ke, C.-Y., Subeq, Y.-M., Yang, W.-T., Huang, S.-G., Shiao, A.-S., &
Lee, R.-P. (2020). Protective Effect of Calcitriol on Organ Damage Induced by 5-
Fluorouracil Treatment. Nutrition and Cancer, 1-10.

da Luz Dias, R., Basso, B., Donadio, M. V. F., Pujol, F. V., Bartrons, R., Haute,
G. V., ... Viau, C. (2018). Leucine reduces the proliferation of MC3T3-E1 cells
through DNA damage and cell senescence. Toxicology in Vitro, 48, 1-10.

Eid, A. H., Abdelkader, N. F., Abd El-Raouf, O. M., Fawzy, H. M., & Ezz-El-
Din, S. (2016). Carvedilol alleviates testicular and spermatological damage
induced by cisplatin in rats via modulation of oxidative stress and inflammation.
Archives of pharmacal research, 39(12), 1693-1702.

Fakih, M. G., Trump, D. L., Johnson, C. S., Tian, L., Muindi, J., & Sunga, A. Y.
(2009). Chemotherapy is linked to severe vitamin D deficiency in patients with
colorectal cancer. International journal of colorectal disease, 24(2), 2109.
Fernandez-Ortega, P., Caloto, M., Chirveches, E., Marquilles, R., San Francisco,
J., Quesada, A., . . . Zabaleta, P. (2012). Chemotherapy-induced nausea and
vomiting in clinical practice: impact on patients’ quality of life. Supportive care in
cancer, 20(12), 3141-3148.

Gabr, S. A., Alghadir, A. H., Allam, A. A., Ajarem, J., Al-Basher, G., Abdel-
Maksoud, M. A., . .. Aboud, A. (2016). Correlation between vitamin D levels and
apoptosis in geriatric patients infected with hepatitis C virus genotype 4. Clinical
Interventions in Aging, 11, 523.

Han, J., Cheng, C., Zhu, Z., Lin, M., Zhang, D.-X., Wang, Z.-M., & Wang, S.
(2019). Vitamin D reduces the serum levels of inflammatory cytokines in rat

19428



ils of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 19407 - 19432

iived 25 April 2021; Accepted 08 May 2021.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

tp://annalsofrsch.ro

models of periodontitis and chronic obstructive pulmonary disease. Journal of
oral science, 61(1), 53-60.

K Kontos, C., Christodoulou, M.-l., & Scorilas, A. (2014). Apoptosis-related
BCL2-family members: Key players in chemotherapy. Anti-Cancer Agents in
Medicinal Chemistry (Formerly Current Medicinal Chemistry-Anti-Cancer
Agents), 14(3), 353-374.

Kawai, K., Qin, F., Shite, J., Mao, W., Fukuoka, S., & Liang, C.-s. (2004).
Importance of antioxidant and antiapoptotic effects of B-receptor blockers in heart
failure therapy. American Journal of Physiology-Heart and Circulatory
Physiology, 287(3), H1003-H1012.

Kleinert, H. (2004). Pautz A, Linker K, Schwarz PM. Regulation of the
expression of inducible nitric oxide synthase. Eur J Pharmacol, 500, 255-266.
Kojima, S., Takaba, K., Kimoto, N., Takeda, T., Kakuni, M., Mizutani, M., . . .
Hara, T. (2003). Protective effects of glutathione on 5-fluorouracil-induced
myelosuppression in mice. Archives of toxicology, 77(5), 285-290.

Konrad, P. N., Richards, F., Valentine, W. N., & Paglia, D. E. (1972). y-
Glutamyl-cysteine synthetase deficiency: A cause of hereditary hemolytic anemia.
New England Journal of Medicine, 286(11), 557-561.

Kotova, P. D., Sysoeva, V. Y., Rogachevskaja, O. A., Bystrova, M. F.,
Kolesnikova, A. S., Tyurin-Kuzmin, P. A., . . . Kolesnikov, S. S. (2014).
Functional expression of adrenoreceptors in mesenchymal stromal cells derived
from the human adipose tissue. Biochimica et Biophysica Acta (BBA)-Molecular
Cell Research, 1843(9), 1899-1908.

Kwiecinski, G., Petrie, G., & DeLuca, H. (1989). Vitamin D is necessary for
reproductive functions of the male rat. The Journal of nutrition, 119(5), 741-744.
Langub, M., Reinhardt, T., Horst, R., Malluche, H., & Koszewski, N. (2000).
Characterization of vitamin D receptor immunoreactivity in human bone cells.
Bone, 27(3), 383-387.

Lee, G.-J., Son, C.-G,, Lee, Y.-W,, Lee, N.-H., Yun, D.-H., Yoo, H.-S., . . . Cho,
J.-H. (2006). Effects of Saenghyul-dan (SHD) on the Myelosuppression Induced
by 5-Fluorouracil. The Journal of Korean Medicine, 27(4), 62-73.

Li, X., & Slayton, W. B. (2013). Molecular mechanisms of platelet and stem cell
rebound after 5-fluorouracil treatment. Experimental hematology, 41(7), 635-645.
e633.

Liu, W., Zhang, C.-C., & Li, K. (2013). Prognostic value of chemotherapy-
induced leukopenia in small-cell lung cancer. Cancer biology & medicine, 10(2),
92.

Liu, X., & Quan, N. (2015). Immune cell isolation from mouse femur bone
marrow. Bio Protoc, 5, e1631.

19429



ils of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 19407 - 19432

iived 25 April 2021; Accepted 08 May 2021.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

tp://annalsofrsch.ro

Liu, Y., Hyde, A. S., Simpson, M. A., & Barycki, J. J. (2014). Emerging
regulatory paradigms in glutathione metabolism. In Advances in cancer research
(Vol. 122, pp. 69-101): Elsevier.

Longley, D. B., Harkin, D. P., & Johnston, P. G. (2003). 5-fluorouracil:
mechanisms of action and clinical strategies. Nature reviews cancer, 3(5), 330-
338.

Mokhtari, Z., Hekmatdoost, A., & Nourian, M. (2017). Antioxidant efficacy of
vitamin D. J Parathyr Dis, 5(1), 11-16.

Morris, G., & Maes, M. (2014). Mitochondrial dysfunctions in myalgic
encephalomyelitis/chronic fatigue syndrome explained by activated immuno-
inflammatory, oxidative and nitrosative stress pathways. Metabolic brain disease,
29(1), 19-36.

Ohkawa, H., Ohishi, N., & Yagi, K. (1979). Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Analytical biochemistry, 95(2), 351-358.
Park, H.-J., Han, J.-M., Kim, H.-G., Choi, M.-K., Leeg, J.-S., & Son, C.-G. (2012).
Anti-Myelosuppression Effects of Korean Red Ginseng in SD Rat Injected with 5-
fluorouracil. The Journal, 33(2), 47-55.

Paubelle, E., Zylbersztejn, F., Maciel, T. T., Carvalho, C., Mupo, A., Cheok, M., .
. . Yokoyama, A. (2020). Vitamin D receptor controls cell stemness in acute
myeloid leukemia and in normal bone marrow. Cell Reports, 30(3), 739-754.
e734.

Refaie, M. M., El-Hussieny, M., Bayoumi, A. M., & Shehata, S. (2019).
Mechanisms mediating the cardioprotective effect of carvedilol in cadmium
induced cardiotoxicity. Role of eNOS and HO1/Nrf2 pathway. Environmental
toxicology and pharmacology, 70, 103198.

Rodrigues, M. C., Rodrigues, J., Martins, N., Barbosa, F., Curti, C., Santos, N., &
Santos, A. (2011). Carvedilol protects against cisplatin-induced oxidative stress,
redox state unbalance and apoptosis in rat kidney mitochondria. Chemico-
Biological Interactions, 189(1-2), 45-51.

Savoia, C., & Schiffrin, E. L. (2007). Vascular inflammation in hypertension and
diabetes: molecular mechanisms and therapeutic interventions. Clinical Science,
112(7), 375-384.

Schneider, C. A., Rasband, W. S., & Eliceiri, K. W. (2012). NIH Image to
ImageJ: 25 years of image analysis. Nature methods, 9(7), 671-675.

Schuetz, J. D., Wallace, H. J.,, & Diasio, R. B. (1984). 5-Fluorouracil
incorporation into DNA of CF-1 mouse bone marrow cells as a possible
mechanism of toxicity. Cancer research, 44(4), 1358-1363.

Seif, A. A., & Abdelwahed, D. M. (2014). Vitamin D ameliorates hepatic
ischemic/reperfusion injury in rats. Journal of physiology and biochemistry,
70(3), 659-666.

19430



ils of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 19407 - 19432

iived 25 April 2021; Accepted 08 May 2021.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Shirasaka, T. (2009). Development history and concept of an oral anticancer agent
S-1 (TS-1®): its clinical usefulness and future vistas. Japanese journal of clinical
oncology, 39(1), 2-15.

Song, M.-K., Park, M.-Y., & Sung, M.-K. (2013). 5-Fluorouracil-induced changes
of intestinal integrity biomarkers in BALB/c mice. Journal of cancer prevention,
18(4), 322.

Song, M., Baik, H. W., Hong, S.-G., & Sung, M.-K. (2016). Wheat bran
arabinoxylan supplementation alleviates 5-fluorouracil induced mucositis and
myelosuppression in BALB/c mice. Journal of Functional Foods, 21, 312-320.
Sonis, S. T. (2010). Regimen-related gastrointestinal toxicities in cancer patients.
Current opinion in supportive and palliative care, 4(1), 26-30.

Sonis, S. T., Elting, L. S., Keefe, D., Peterson, D. E., Schubert, M., Hauer-Jensen,
M., ... Rubenstein, E. B. (2004). Perspectives on cancer therapy-induced mucosal
injury: pathogenesis, measurement, epidemiology, and consequences for patients.
Cancer: Interdisciplinary International Journal of the American Cancer Society,
100(S9), 1995-2025.

Stifter, G., Heiss, S., Gastl, G., Tzankov, A., & Stauder, R. (2005).
Over-expression of tumor necrosis factor-alpha in bone marrow biopsies from
patients with myelodysplastic syndromes: relationship to anemia and prognosis.
European journal of haematology, 75(6), 485-491.

Suhail, N., Bilal, N., Khan, H., Hasan, S., Sharma, S., Khan, F., . . . Banu, N.
(2012). Effect of vitamins C and E on antioxidant status of breast-cancer patients
undergoing chemotherapy. Journal of clinical pharmacy and therapeutics, 37(1),
22-26.

Tabasi, N., Rastin, M., Mahmoudi, M., Ghoryani, M., Mirfeizi, Z., Rabe, S. Z. T.,
& Reihani, H. (2015). Influence of vitamin D on cell cycle, apoptosis, and some
apoptosis related molecules in systemic lupus erythematosus. Iranian Journal of
Basic Medical Sciences, 18(11), 1107.

Tak, P. P., & Firestein, G. S. (2001). NF-«B: a key role in inflammatory diseases.
The Journal of clinical investigation, 107(1), 7-11.

Takano, F., Tanaka, T., Aoi, J., Yahagi, N., & Fushiya, S. (2004). Protective
effect of (+)-catechin against 5-fluorouracil-induced myelosuppression in mice.
Toxicology, 201(1-3), 133-142.

Taylor, S. J., Duyvestyn, J. M., Dagger, S. A., Dishington, E. J., Rinaldi, C. A,
Dovey, O. M., . . . Langdon, W. Y. (2017). Preventing chemotherapy-induced
myelosuppression by repurposing the FLT3 inhibitor quizartinib. Science
translational medicine, 9(402).

Twelves, C., Wong, A., Nowacki, M. P., Abt, M., Burris Ill, H., Carrato, A, . ..
Georgoulias, V. (2005). Capecitabine as adjuvant treatment for stage Il colon
cancer. New England Journal of Medicine, 352(26), 2696-2704.

tp://annalsofrscb.ro 19431



ils of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 19407 - 19432

iived 25 April 2021; Accepted 08 May 2021.

55.

56.

S57.

58.

59.

60.

Wang, S., Zheng, G., Tian, S., Zhang, Y., Shen, L., Pak, Y., ... Qian, J. (2015).
Echinacoside  improves  hematopoietic ~ function in  5-FU-induced
myelosuppression mice. Life sciences, 123, 86-92.

Xiao, H., Xiong, L., Song, X., Jin, P, Chen, L., Chen, X,, ... Wang, L. (2017).
Angelica sinensis polysaccharides ameliorate stress-induced premature
senescence of hematopoietic cell via protecting bone marrow stromal cells from
oxidative injuries caused by 5-fluorouracil. International journal of molecular
sciences, 18(11), 2265.

Xu, C., Hu, Y., Hou, L., Ju, J., Li, X., Du, N., . . . Qin, W. (2014). B-Blocker
carvedilol protects cardiomyocytes against oxidative stress-induced apoptosis by
up-regulating miR-133 expression. Journal of molecular and cellular cardiology,
75, 111-121.

Yue-Chun, L., Li-Sha, G., Peng-Lin, Y., Ji-Fei, T., Jia-Feng, L., Peng, C., & Xue-
giang, G. (2010). Carvedilol treatment ameliorates acute coxsackievirus B3-
induced myocarditis associated with oxidative stress reduction. European journal
of pharmacology, 640(1-3), 112-116.

Zhang, Q.-L., Yang, J.-J., & Zhang, H.-S. (2019). Carvedilol (CAR) combined
with carnosic acid (CAA) attenuates doxorubicin-induced cardiotoxicity by
suppressing excessive oxidative stress, inflammation, apoptosis and autophagy.
Biomedicine & Pharmacotherapy, 109, 71-83.

Zheng, W., Li, D., Gao, X., Zhang, W., & Robinson, B. O. (2019). Carvedilol
alleviates diabetic cardiomyopathy in diabetic rats. Experimental and therapeutic
medicine, 17(1), 479-487.

tp://annalsofrscb.ro 19432



