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ARTICLE INFO ABSTRACT

Article History Background and aim: Hydroxyurea (HU) possesses several characteristics
Received:7/7/2024 of an ideal drug for various diseases, despite the reported side effects. The
Accepted:15/8/2024  current study intends to search for the potential ameliorative effectiveness
Available:19/8/2024 of vitamin C on hydroxyurea-induced hepatotoxicity in a rat model.
Materials and methods: 24 adult male albino rats were split into four

Keywords: groups. Group I served as the control; Group II received 5 mg/kg bw of
Hydroxyurea; vitamin C; Group III received 100 mg/kg bw of HU; and Group IV received
Vitamin C; a combination of 5 mg/kg bw VC and 100 mg/kg bw HU, which were

S administered orally for 30 days to assess liver function tests, oxidative
g?sl?[?);;);?h)i)llc(ig;al' stress, histopathology, a'nd.the detectign of DNA dgmage. Results: The
Genotoxicity > results demonstrated a significant decline (p < 0.01) in the absolute organ

weight of rats treated with HU. However, there was no significant contrast
in the liver-relative condition. The rats exhibited elevated levels of AST,
ALT, and MDA a reduction in albumin, total protein, SOD, CAT, and GSH.
The group that received HU displayed signs of degeneration, hydropic
deterioration, and fatty degeneration. A comet assay revealed an increase
in tail length and DNA content in liver cells. There was no significant
difference in olive tail moment but a significant decrease in % tailed, %
DNA in the tail, and tail moment. Conclusion: The administration of VC
with HU improved liver function tests, oxidative stress, and histopathology
compared to the HU group.

INTRODUCTION

In the field of medical research and clinical practice, it is imperative to understand
the effects of different substances on physiological systems. Hydroxyurea (HU) is a
ribonucleotide reductase inhibitor medication known to be a genotoxic chemical with
biological effects on living organisms (Rosenthal ez al., 1928). It is a pharmacological agent
predominantly employed in the management of haematological illnesses such as sickle cell
disease and specific malignancies (Alsalman ef al., 2021). In 1960, it was discovered to
possess anti-tumor abilities (Stearns et al., 1963; Adamson, 1965). Additionally, it has
evolved into a therapy for a variety of disorders, including myeloproliferative disorders
(Spivak and Hasselbalch, 2011), brain tumors (Madaan et al., 2012), Alzheimer’s disease
(Brose et al., 2018), and HIV (Lisziewicz et al., 2003). However, it is critical to consider its
potential influence on liver function. Its mechanism of action is the suppression of DNA
synthesis, thereby impacting cells undergoing fast division (Demchuk et al., 2020). The
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main focus of this drug is on the formation of blood cells and the management of vaso-
occlusive crises in individuals affected by sickle cell disease (Weaver et al., 2021).

Therefore, a theoretical understanding of the precise methods by which HU
impacts live cells holds excellent practical relevance (Ashley et al., 2014; Yazinski and Zou,
2016). Cells with checkpoint abnormalities are highly susceptible to HU, although it does
not affect cells that have the S-phase checkpoint intact once the medication is stopped. HU’s
cytotoxic effects are associated with the formation of DNA strand breaks (Xu et al., 2016;
Kramara et al., 2018 Julius et al., 2019). Patients on long-term HU treatment exhibited a
higher survival rate with no elevated risk of stroke, infection, or malignancy (Steinberg et
al.,2010; Hankins et al., 2014). Several studies have shown that HU has hepatotoxic effects,
including the acute elevation of liver function tests (Hallam and Kolesar, 2008), hepatic
dysfunction (Shimizu et al., 2019), and hepatitis (Heddle and Calvert, 1980). However, the
mechanism underlying this impact has not been well studied.

Vitamin C is an important vitamin that plays a crucial role in various
physiological processes, like collagen formation, antioxidant activity, prevention of tissue
damage in human disease, and immune system function (Goncharova et al., 2021). Ascorbic
acid is classified as a water-soluble antioxidant vitamin present both intracellularly and
extracellularly (Chihuailaf et al., 2002). It is a natural antioxidant that contributes to the
stability of cellular and basal membranes, protecting against free radical production. It may
protect lipids and lipoproteins in cellular membranes from oxidative damage via its
oxidation and reduction properties (Gupta et al., 2004) and exhibit hepatoprotective effects
(McDowell, 1989 Sies et al., 1992).

As the scientific community further investigates the impact of hydroxyurea and
vitamin C on liver health, it becomes apparent that a comprehensive and nuanced
methodology is required. Although the primary target of hydroxyurea is not the liver, it is
necessary to closely monitor any potential side effects on liver function. The potential
advantages associated with its use in the management of blood diseases need to be carefully
considered in light of any potential negative impact on liver health.

This study investigates the application of HU therapy on hepatic enzymes,
oxidative status, histopathology, and DNA damage in liver cells, while also investigating
the protective potential of vitamin C against HU-induced hepatotoxicity in rats.

MATERIALS AND METHODS

1- Animals and Management:

Male albino rats with weights between 170 and 220 g were purchased from the
National Research Center's (NRC) Animal Breeding House in Dokki, Giza, Egypt. Rats
were kept in polypropylene cages with six rats in each cage and had unrestricted access to
food, water, and standard pellets while being housed in standardized settings (light cycle of
12 hours, temperature of 23 C, and minimum relative humidity of 48%). Prior to this trial,
rats were acclimated for seven days. All of the rats were maintained following the "Guide
for the Care and Use of Laboratory Animals," which was authorized by the national research
center's Local Ethical Review Committee, and their well-being was also protected.

2- Chemicals:

Hydroxyurea (HU) capsules with an active component of 100 mg hydroxyurea
(E.R. Squibb and Sons Ltd., England). HU and Vitamin C 5mg. were dissolved in purified
water immediately before delivery. The assay kits used for biochemical measurements of
alanine transferase (ALT), aspartate aminotransferase (AST), total protein (TP), albumin,
superoxide dismutase (SOD), catalase (CAT), glutathione reduced (GSH), lipid
peroxidation biomarker as malondialdehyde (MDA), were purchased from Biodiagnostic
Company, Doki, Giza, Egypt.
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3- Experimental Design:

After two weeks of acclimatization period, 24 rats were randomly assigned into
four experimental groups. Group I was only given water, which served as the control group.
Group II was placed on VC at S5Smg/kg.bw. Group III was placed on HU at 100mg/kg.bw
(based on the pilot research). Group IV was placed on a combination of VC+HU at the same
dosage as groups II and III. These substances were administered orally for 30 days, the rats
were observed daily for signs of toxicity and mortality.

4- Collection and Processing of Samples:

After the last treatment rats fasted overnight and were anaesthetized using sodium
pentobarbital (30 mg kgl, i.p.) (Liu ef al., 2007). The blood samples were obtained by
puncturing the animals' retro-orbital venous plexus with a fine sterilized glass capillary
(Kendro Laboratory Products GmbH, Germany). The serum was isolated and stored at 4°C
for future biochemical examination of liver enzymes. Following euthanasia with
intraperitoneal injections of 80 mg/kg ketamine (Nimatek; Eurovet, Bladel, the
Netherlands) combined with 0.5mg/kg of medetomidine (Domitor, Novartis, Arnhem, The
Netherlands) (Vermeij et al., 2013). The abdomens of all rats were opened, and a portion of
their livers were promptly removed following the sacrifice, washed with saline, and
weighed. Small portions of each liver were preserved for 48 hours in 10% buffered formalin
for analysis of histological studies. Another portion of each rat's liver was stored at 20°C for
analysis of oxidative stress biomarkers studies.

5- Biochemical Analysis of Serum:
5.1- Liver Function Tests:

To measure the toxicity caused by HU, liver functions were studied. The enzymes
aspartate aminotransferase (AST), alanine transferase (ALT), albumin, and total protein
were the parameters assessed for the liver function test. The Activity of serum aspartate
aminotransferase (AST) and alanine transferase (ALT), were estimated using the UV kinetic
method given by Reitman and Frankel, (1957), serum albumin was estimated by the method
given by Westgard and Poquette, (1972), serum of total proteins were determined by
coloremetric method according to Gornall ef al., (1949). All serum biomarkers were
performed in accordance with instructions provided by the Biodiagnostic kit (Biodiagnostic
Company, Dokki, Giza, Egypt).

5.2- Oxidative Stress Biomarkers:

The biochemical indicators of oxidative stress, including the levels of SOD, CAT,
GSH, and MDA, were assessed in the liver homogenate according to the instructions
included with the Biodiagnostic kit. Superoxide dismutase (SOD) levels were measured as
described previously by the method given by (Nishikimi et al., 1972), and CAT was
estimated by the method given by Sinha, (1972). While reduced glutathione (GSH) was
estimated by the method given by Beutler et al., (1963) and lipid peroxidation biomarker as
malondialdehyde (MDA) was estimated by the method given by Ohkawa et al., (1979).
6-Histopathological Studies:

All the rats' livers were washed, ethanol-dried, xylene-cleaned, and paraffin wax-
fixed. Slices of liver five to six micrometers thick sections were stained with hematoxylin
and eosin and prepared for microscopic examination. (Banchroft ef al., 1996).

7 - Comet Assay:

Single-cell gel electrophoresis (SCGE) was used to measure induced DNA
damage, as reported previously (Tice ef al., 2000). In brief, a lobe of the liver was washed
and homogenised in Sml of homogenising buffer (Hanks' balanced salt solutions containing
25 mmol/l EDTA-2Na and 10% DMSO). The liver lobes were put in ice-cold mincing
buffer and washed thoroughly with cold mincing buffer to eliminate any remaining blood.
Cell suspensions were cooled on ice for 5 minutes before being centrifuged at 1000 rpm for
5 minutes. After removing the supernatant, the cells were resuspended in homogenising
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buffer. 90 ml of 0.5% low-melting agarose gel and 10 microliters of the single-cell
suspension were combined, and 90 ml of the resulting combination was applied to a slide
that had already been covered with 1% normal melting agarose (NMA). For 30 minutes, the
slides were placed on ice to allow the agarose layer to set.

The slides were set on ice for 30 minutes to solidify the agarose coating. The
slides were then immersed overnight in a freshly prepared cold lysing solution (2.5 M NacCl,
100mM EDTA-2Na, and 10mM Tris, pH10.0: DMSO: Triton X-100, 89:10:1). the next
day. The slides were electrophoresed in a horizontal electrophoresis device for 20 minutes
at 1 V/cm and 300 mA, after spending 20 minutes in the electrophoresis buffer (300 mM
NaOH, 1 mM EDTA, pH 13). Then the slides were washed three to four times with
neutralisation buffer (0.4M Tris), dehydrated in cooled 100% alcohol and saved until
analysis. To avoid extra DNA damage, all procedure stages were completed under reduced
light conditions.

8 — Statistical Analysis:

The data were subjected to statistical analysis by the Statistical Package for the
Social Sciences (SPSS) program (version 20) using one-way ANOVA followed by
Duncan's multiple Range test (DMRT). The data were expressed as mean + standard error
(SE). P values < 0.01 and 0.05 are significant.

RESULTS

1. Signs of Toxicity:

No mortality was recorded during the experimental period.
3.2. Absolute and Relative Weights:

The data presented in Figure 1, shows the final absolute and relative organ weights
of male rats in different treatment groups. There was a significant decrease (p <0.01) in the
absolute organ weight of rats treated with HU compared to the control group. Additionally,
rats treated with HU+VC showed a significant reduction (p <0.05) in absolute organ weight
compared to the control group. However, there were no significant differences in the relative
liver weight among all the groups.
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Fig. 1: This figure shows the effect of oral administration of vitamin C (5mg/kg bwt),
hydroxyurea (100mg/kg bwt), and a combination of both (100mg/kg bwt of hydroxyurea
and Smg/kg bwt of vitamin C) for 30 days on the absolute and relative liver weight of rats.
The data is presented as the mean £+ SEM. Compared to the control group, the significance
level is denoted as *p < 0.05 and **p < 0.01 (ANOVA with Duncan's test).

3. Serum Hepatocellular Enzymes:

Table 1, shows a significant increase (p < 0.01) in the level of serum hepatocellular
enzymes (AST & ALT) in rats treated with HU and HU+VC groups in comparison with
control. However, there was a significant decrease (p < 0.01) in the levels of (Albumin &
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Total protein) in both HU and HU+VC groups in comparison to the control group.

Table 1. Effect of HU on AST, ALT, Albumin and Total protein levels in sera of male

rats.
Treatmen AST ALT Albumin | Total Protein
ts
Control 31.334+2.86 25.00+1.47 4.16+.04 7.13+.11
vC 41.33+£1.02 31.00+1.87 4.10+.04 7.00+£.04
HU 112.66+£5.43%* | 85.66+4.98** 3.63+£.06** | 6.73+.06**
HU+VC 63.66+£2.71** 48.33+£3.79%* 3.66+.12*%* | 6.63+.06%*

Values are means + SE

* Significantly different from control (P< 0.05).
** Significantly different from control (P< 0.01).
SE: standard error.

4. Hepatic Oxidative Stress:

The results of hepatic oxidative stress (SOD, CAT, GSH, and MDA) of the rats
were presented in Table 2. The level of (SOD, CAT, and GSH) significantly decreased (p <
0.01) in rats treated with HU compared to control. There was a significant decrease (p <
0.05) observed in rats treated with the combination group (VC+HU) compared to the control
group. Rats given HU and VC+HU showed a significant (p < 0.01) increase in MDA content
compared to the control.

Table 2. Effect of HU on Oxidative Stress biomarkers in liver tissues of male rats.

Treatments SOD CAT GSH MDA
Control 1045.00+45.14 84.00+5.09 3.92+.32 71.33+4.55
VC 963.334+22.75 93.00+3.08 3.76+.05 87.66+1.24
HU 682.66+13.45%* | 48.00+£1.47** | 1.69+.19*%* | 166.33+2.71**
HU+VC 932.66+14.94* 58.66+1.24%* | 2 57+ 16%* | 122.66+1.64**

Values are means + SE
* Significantly different from control (P< 0.05).
** Significantly different from control (P<0.01).
SE: standard error.

3.5. Hepatic Histopathology:

A photomicrograph of liver sections stained by H&E for histopathological
changes is shown in Figure 2. The control group (A) displayed the normal histopathological
structure of the hepatic lobule (H). The 100 mg/kg bw of HU group (C) exhibited
hydropically deteriorated cells (notch arrow), changed lobular shape, nuclear degradation
in several areas, necrosis (N), and severe fatty degeneration. Enlargement and congestion
of the hepatic portal vein (PV) were observed, along with infiltration of lymphocytes (*) in
the portal area and around the central vein (CV). Some hepatic cells showed degenerated
alteration (dh) (pyknosis (head arrow) and karyolitic nuclei (bold arrow)) as well as the
appearance of cytoplasmic vacuoles (bifid arrow). The VC group (B), treated with 5 mg/kg
bw, showed a typical arrangement of hepatic cells (H), with no necrosis or fatty
degeneration seen in liver sections. The (VC+HU) group (D) displayed evidence of
improvement in the liver (H), moderate congestion, and a mild level of fatty deterioration
(wavy arrow), but no necrotic areas or mononuclear cells were observed, although some
hepatic cells showed a degree of degeneration (dh).



44
Faiza Milad; et al.

ated control, )
(B) VC treated group with Smg/kg bw, (C) HU treated group with 100 mg/kg bw and (D)
HU+VC treated group with (100+5 mg/kg bw).

6. Comet Parameters:

The results of comet assays using the liver cells of rats given VC, HU, and VC+HU
are summarized in Table 3. The values for % Tailed, % DNA in Tail, and Tail Moment were
significantly increased (p < 0.01) in both the HU and VC+HU groups compared to the
control group. Additionally, we observed a significant increase in rats treated with HU and
a substantial decrease in rats treated with VC+HU at (p < 0.05) as shown in Figure 3. No
significant differences were observed in Olive tail moment in all treated groups.

Table 3. Comet parameters; % Tailed, Tail Length, % DNA in Tail, Tail Moment, and
Olive tail moment of different treatment groups.

Treatment % Tailed | Tail length | % DNA in | Tail moment | Olive tail
tail moment
Control 8.88+.26 7.89+.26 5.83+.74 A40£.05 1.02+.06
VC 18.05+.30 9.19+.50 8.64+.94 .75+.08 1.21+.09
HU 15.90£.21** | 10.20+.57* | 6.88+.25%** | .67+.07** 1.24+.06
HU+VC | 22.73+.24** | 7.60+.98* 8.66+.36™* | .60+.08%* 1.30+.06

Values are means + SE
* Significantly different from control (P< 0.05).
** Significantly different from control (P<0.01).
SE: standard error.




45
Ameliorative Effect of Vitamin C against Hydroxyurea-Induced Hepatic Toxicity in Male Rats

C
»

Fig. 3: Photographs of cells tested using the comet assay analysis. This figure displays
images captured during the comet assay analysis. The spots in the images depict the DNA
of'individual cells. The intact DNA is represented by a "dark/white" round spot. Intact DNA
is a large molecule that doesn't move much in the electrophoretic field. The less dark,
"comet-shaped" area next to the nucleus represents small DNA breaks that can move in the
gel. (A) control group, (B) VC group, (C) HU group, and (D) VC+HU group.

DISCUSSION

The study investigates the ameliorative effect of vitamin C against hydroxyurea-
induced hepatic toxicity in male rats. Findings revealed a significant decrease in absolute
organ weight was seen in rats treated with HU and a significant decrease in rats treated with
HU+VC in comparison with the control group. However, all groups had no significant
difference in relative liver weight. Khamis and co-workers found that hydroxyurea
treatment led to weight loss in rats after 20 days of administration at different doses.
(Khamis et al., 2017).

Helvaci and colleagues' study on hydroxyurea therapy's effects on sickle cell
disorders (SCD) revealed that it leads to weight loss in SCD patients (Helvaci ef al., 2021).
This aligns with previous investigations into the harmful effects of hydroxyurea on various
organs and tissues, including hepatotoxicity in rats leading to fatty infiltration, necrosis, and
inflammation (Morton et al., 2015). In addition, hydroxyurea therapy in mice reduced the
testicular weight and sperm count (Jones et al., 2009). It also caused a decrease in body
weight of juvenile rats (Huang et al., 2021). These results imply that hydroxyurea may have
harmful effects on several organs and tissues, which may be a factor in the observed
reduction in absolute organ weight in rats given HU and HU+VC treatment. As a result, the
lack of a significant difference in relative liver weight between any of the groups is
consistent with the findings and implies that the therapies had no impact on relative liver
weight.
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Moreover, this study explored the potential protective effect of vitamin C against
hydroxyurea-induced hepatic toxicity. We observed significant changes in hepatic oxidative
stress markers, with levels of superoxide dismutase (SOD), catalase (CAT), and reduced
glutathione (GSH) significantly decreased in rats treated with hydroxyurea alone, while a
combination of vitamin C and hydroxyurea resulted in a significant increase in these
antioxidant levels compared to the control group. Conversely, malondialdehyde (MDA)
content, an indicator of lipid peroxidation, significantly increased in rats treated with HU
and HU+VC compared to the control group.

Tohamy and co-workers' findings were consistent with the results of this study,
showing increased oxidative biomarkers and reduced hepatic antioxidant molecules in HU-
treated rats (Tohamy et al., 2022). Additionally, Suleiman and co-workers observed that
lead-induced AST, ALT, and ALP serum concentrations decreased with vitamin C
administration, suggesting a potential protective effect against lead-induced liver damage
(Suleiman et al., 2013). Antioxidants and oxidative stress have been extensively studied
among liver conditions, and non-alcoholic fatty liver disease (NAFLD) is included. A
randomized clinical experiment by He and co-workers demonstrated improved liver
function tests in NAFLD patients with oral vitamin C supplementation (He et al., 2021).
Similar protective effects were observed in rats treated with 5-fluorouracil and lead
suggesting a potential role for vitamin C in preventing drug-induced liver injury. (EI-
Neweshy and El-Sayed, 2011; Al-Asmari et al., 2016).

Furthermore, in this study, histopathological analysis revealed severe hepatic
lesions in rats treated with hydroxyurea, including cellular degeneration, necrosis, fatty
degeneration, and inflammatory cell infiltration which were consistent with previous studies
(Gao et al.,2021). However, co-treatment with vitamin C showed evidence of improvement,
emphasizing the potential protective role of vitamin C against hydroxyurea-induced liver
damage. However, several studies have explored vitamin C's protective effects against
hepatotoxicity induced by different drugs, including emamectin benzoate (Khaldoun
Oularbi ef al., 2017), alcohol (Okamura ef al., 2018), and UVC (Attia ef al., 2023). These
studies consistently demonstrated that vitamin C attenuates liver damage and oxidative
stress caused by these substances (Khaldoun Oularbi et al., 2017; Okamura ef al., 2018 and
Attia et al., 2023).

The findings of this study also demonstrated notable alterations in the comet assay
parameters. Specifically, the percentages of cells exhibiting comet tails, the amount of DNA
in the comet tails, and the magnitude of the comet tails (Tail Moment) exhibited significant
increases in both the hydroxyurea (HU) group and the group treated with a combination of
vitamin C and hydroxyurea (VC+HU), when compared to the control group. However, in
the VC+HU group, these parameters showed a significant decrease compared to the HU
group. On the other hand, no significant disparity was observed in the Olive tail moment
across all the treated groups. These findings highlight the impact of hydroxyurea and the
potential mitigating effect of vitamin C on the comet assay parameters, underscoring the
importance of further investigation in this area.

Prior in vivo studies on chromosome aberrations in SCA patients receiving
hydroxyurea showed mixed results, with some studies showing increased DNA damage
(Friedrisch et al., 2018), while a study by McGann ef al. (2012)was not associated with any
significant increases in genotoxicity.

In conclusion, our study provides comprehensive evidence of the potential
defensive impact of vitamin C in opposition to hydroxyurea-induced hepatic toxicity in male
rats. Vitamin C supplementation demonstrated benefits in mitigating changes in body
weight, liver parameters, serum hepatocellular enzymes, oxidative stress indicators,
histopathological alterations, and DNA damage. Further research is recommended to
elucidate the underlying mechanisms and therapeutic implications of vitamin C in
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hydroxyurea-induced liver damage. Mathematical modelling can be employed to advance
understanding of hydroxyurea's mechanism of action.
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