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Ascorbic acid mitigates doxorubicin-induced spleen injury in rats:
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Abstract: This study assessed the protective potential of ascorbic acid against doxorubicin-induced spleen tissue damage
in rats. Twenty-eight male Sprague-Dawley rats were divided into four groups. The control group received saline every
other day at a dose of 1mL throughout the experiment. The ascorbic acid group was administered 50mg/kg of ascorbic
acid daily for 10 days. The doxorubicin group received a single dose of 15mg/kg of doxorubicin on day 7. The ascorbic
acid + doxorubicin group received both 50mg/kg of ascorbic acid daily for 10 days and a single dose of 15mg/kg of
doxorubicin on day 7. After the experiment, splenic tissue samples were examined histopathologically and
immunohistochemically. Histopathological analysis revealed edema, destruction, and degeneration in the doxorubicin
group, but these changes were alleviated in the ascorbic acid-treated group, approaching control group levels.
Immunohistochemical analysis showed increased CD4* and CD8* cell immunopositivity in the ascorbic acid +
doxorubicin group compared to the doxorubicin group. Biochemical tests indicated that doxorubicin reduced superoxide
dismutase activity and increased malondialdehyde levels, whereas ascorbic acid mitigated these effects. The findings

suggest that ascorbic acid may have a protective role against doxorubicin-induced spleen injury in rats.
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INTRODUCTION

Cancer ranks among the foremost contributors to global
mortality, morbidity and various agents are widely used to
treat it (Debela et al., 2021). Doxorubicin (DOX), a
broad-spectrum antineoplastic anthracycline drug, is one
of the most widely used chemotherapeutic drugs (Ma et
al., 2022). Doxorubicin has demonstrated efficacy as a
chemotherapeutic agent in the treatment of soft tissue
sarcomas, thyroid, ovarian, breast, lung and stomach
cancers, as well as non-Hodgkin’s and Hodgkin’s
lymphoma, pediatric cancers, and multiple myeloma
(Songbo et al., 2019, Sohail et al., 2021). DOX acts by
forming complexes by intercalating between DNA and
base pairs in cells, stabilizing the DNA-topoisomerase 11
complex and causing DNA damage. DOX also causes
oxidative damage by producing free radicals that can
damage DNA (Johnson-Arbor & Dubey, 2019, Songbo et
al., 2019). However, DOX not only targets tumor cells
but also exerts cytotoxic effects on healthy tissues and
growing cells by leading to oxidative stress and the
manufacturing of proinflammatory cytokines (Peter et al.,
2022). Side effects such as peripheral neuropathy,
hepatotoxicity, cardiotoxicity and myelosuppression limit
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the use of DOX, despite its broad spectrum of use
(Corremans et al., 2019; Thotakura et al., 2021). These
unwanted side effects can significantly affect a patient's
health and quality of life. Hence, DOX needs to be used
in combination with protective agents to reduce its
adverse effects (Singh et al., 2023).

There is growing interest in the use of natural compounds
with antioxidant activity as possible therapeutic agents
and immunostimulants (Gezer et al., 2023). The use of
combined therapy involving phytochemicals exhibiting
antioxidant and anti-inflammatory characteristics has
been discovered to provide defense against
chemotherapy-induced oxidative injury and immune
modulation (Liu et al., 2021). Ascorbic acid (AA), also
known as vitamin C, is a vitamin that plays a vital role in
many important body processes, such as the normal
functioning of tissues, the immune system and iron
absorption. AA, an essential micronutrient, consists of six
carbons and is related to hexoses. Today, AA s
industrially produced from D-glucose (Loi et al., 2020).
AA has positive effects on DOX-induced hepatotoxicity
(Hatamkhani et al., 2020) and cardiotoxicity (Rawat et
al., 2021). In addition, it has the ability to prevent
oxidative stress, dyslipidemia and electrolyte imbalance
(Ifeanacho et al., 2021). These findings make clear that
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AA may have protective potential against chemical-
induced toxicity.

The immune system aids the body in adjusting and
protecting itself from assaults by detrimental agents and
disease-inducing pathogens. Splenic tissue is among the
secondary lymphoid organs in which antigens from the
bloodstream are released by lymphocytes and has an
important function in the immune response (Lewis et al.,
2019). T and B lymphocytes lead to a long-term specific
immune response through the production of cytokines and
chemokines. Mature T Iymphocytes differentiate into
CD4* (T helper cells) and CD8* (cytotoxic cells), which
are involved in regulating immune responses, and these
cells activate phagocytes to eliminate pathogens (Lewis et
al., 2019, Daniel et al., 2023).

Supraphysiologic doses of DOX are known to affect
immunologic function. DOX may adversely affect quality
of life by causing toxicity in normal tissues and
suppressing the immune system (Shaldoum et al., 2021,
Rocca et al., 2020, Bhagat et al., 2022). The use of
natural antioxidants to mitigate the toxic effects of
chemotherapeutic drugs, leading to dose limitations, has
become increasingly important (Ikewuchi et al., 2021).
Many agents with antioxidant properties show promise
for preventing or reducing toxic effects without reducing
the antitumor effect of DOX (Corremans et al., 2019,
Khan et al., 2020).

The protective effect of AA, which is an exogenous
antioxidant that plays an active role in strengthening the
immune system, against DOX-induced splenic tissue
damage was evaluated in this study. The AA of
leukocytes is approximately ten times greater than that of
plasma. This finding suggested that AA has functional
roles in immune system cells. AA reportedly increases T-
and B-cell differentiation and proliferation due to its gene
regulatory effect (Agarwal et al., 2022, El Deib et al.,
2021). These data suggest that AA may be useful against
possible DOX-induced splenic damage. However, there
are few reports on the toxicity of DOX in splenic tissue.

Thus, this study histopathologically, immunohisto-
chemically and biochemically researched the protective
effect of AA against DOX-induced splenic injury and
dysfunction in rats.

MATERIALS AND METHODS

Ethics consideration

Ethics Committee approval was acquired from the
Ataturk University Animal Experiments Local Ethics
Committee, as per the decision dated 11/29/2022 and
numbered 2022/13.

Chemicals . .
Doxorubicin was taken from Deva Ila¢g (Istanbul,
Tirkiye), xylazine for analgesia and sedation were

obtained from Bayer (Rompun, Istanbul, Tiirkiye),
ketamine was obtained from Pfizer (Ketalar, Istanbul,
Tirkiye) and ascorbic acid was taken from Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA).

Animals and study design

The study animals, comprising 3-month-old male
Sprague-Dawley rats (n=28) weighing 250+20g, were
obtained from the Ataturk University Medical
Experimental ~ Application and Research  Center
Directorate. The animals were fed ad libitum under
standard care conditions (at 50+2% room humidity and a
temperature of 21°C) with a 12-hour light/dark circle.

The 28 rats were randomly distributed into 4 groups of 7
rats in each group:

Control group (n=7): Rats in this group were administered
a physiological dose of 1mL of saline intraperitoneally
(i.p.) every other day for a total of 5 days.

AA group (n =7): Rats in this group were given 50mg/kg
ascorbic acid by oral gavage daily for 10 days (Igbal et
al., 2022).

DOX group (n=7): Rats in this group were given a one-
time dose 15 mg/kg doxorubicin i.p. on day 7 (Jasim &
Mutlag, 2023).

In the AA+DOX group (n=7), the rats in this group were
administered both ascorbic acid at a dose of 50 mg/kg by
oral gavage daily for 10 days and a one-time dose 15
mg/kg doxorubicin via the i.p. route on day 7.

Histopathological examination

On day 11, the rats were subjected to necropsy, and
spleen tissue samples were gathered and preserved in a
10% formalin solution. The tissues underwent standard
alcohol-xylene procedures and were inserted in paraffin.
Then, sections of 5-um thickness obtained from the
paraffin blocks were stained using hematoxylin and eosin
(H&E). The preparations were semiquantitatively
evaluated under a light microscope for edematous and
degenerative changes and were scored as absent (-), mild
(+), moderate (++), or severe (+++) (Gezer & Sari, 2023).

Immunohistochemical examination

The 5-um sections were transferred to polylysine slides,
passed through a xylol and alcohol series, washed with
phosphate-buffered saline (PBS), and then incubated in
3% H,0, for 10min to inactivate the endogenous per
oxidase. The tissues were treated with antigen retrieval
solution at 500 W for 2 x 5 min to release the antigens.
After protein blocking buffer was added, the tissues were
washed with PBS and incubated with CD4* (Cat. No. sc-
19641, Santa Cruz) and CD8" (Cat. No. sc-1177, Santa
Cruz) at a dilution ratio of 1/100 at + 4°C overnight. Next,
a large volume of the anti-polyvalent HRP detection
system (Cat. No. TP-125-HL Thermo Fisher Scientific,
Waltham, MA, USA) was employed as recommended by
the manufacturer. 3-Amino-9-ethylcarbazole (AEC) was
used as the chromogen. After staining with Mayer’s
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hematoxylin, the slides were masked with water-based
adhesive and inspected under a light microscope.
Immunopositivity in 6 different random areas was
quantified (Gezer & Sari, 2023).

Biochemical examinations

Superoxide dismutase (SOD) activity was assessed
following the protocol outlined by Mc Cord and Fridovich
(Gezer et al., 2023) and the enzyme activity was stated as
U/mg protein. Malondialdehyde (MDA) analysis was
conducted using the procedure described by Draper and
Hadley (Gezer et al., 2023), and the results are reported as
nmol/g.

STATISTICAL ANALYSIS

The data collected were analyzed utilizing IBM SPSS
Statistics for Windows 20.0 (IBM Corp., Armonk, NY,
USA). Differences between the groups according to the
histopathological findings were determined applying the
Kruskal-Wallis test, a nonparametric test, and the group
causing the difference was confirmed applying the Mann-
Whitney U test. Immunopositivity detected via immuno-
histochemical examination was assessed using one-way
analysis of variance (P<0.05).

RESULTS

Histopathological results

The splenotoxicity model was induced by injecting DOX.
Relative to those of the control group, the DOX group
exhibited a markedly reduced spleen weight-to-body
weight ratio (P=0.001). However, this ratio was not
markedly lower in the AA+DOX group (P>0.05). There
was no statistically substantial distinction between the
control group and the AA group (P>0.05), as shown in
table 1 and fig. 1.

When edema in the spleen tissue, destruction of lymphoid
cells and degeneration in the central arteriole were
evaluated, considerable variations were observed between
the experimental groups (table 2, P<0.05).

Examination of the spleen tissues revealed a normal
histologic appearance in the control and AA groups. The
histopathological changes (edema, destruction of
lymphoid cells, and degeneration of the central arteriole)
detected in the DOX group were moderate, while they
were mild in the AA+DOX group (figs. 1-2). (P<0.05).

Immunochistochemical results

Immunohistochemical staining of the spleen tissue from
the two groups revealed significant differences in terms of
CD4" and CD8* immunopositivity (table 3, P<0.05).

There was less CD4* and CD8* immunopositivity in the
control and AA groups than in the DOX group.
Nevertheless, the AA+DOX group had greater

Arzu Gezer et al

immunopositivity than the DOX group. When comparing
CD4* and CD8* immunopositivity, the overall CD4*
positivity was greater than the overall CD8" positivity
(figs. 3-4). (P<0.05).

Biochemical results

Analysis of the SOD activity in our study revealed that
the SOD activity in the DOX group was markedly lower
than that in the control group (P<0.001). However, in the
AA+DOX group, we observed a significant increase in
SOD activity, which decreased due to DOX, upon the
administration of AA (P<0.001) (see fig. 5).

Our findings revealed a substantial increase in the MDA
concentration in the DOX group compared to that in the
control group (P<0.001). In contrast, in the AA+DOX
group, the elevated MDA levels induced by DOX were
significantly reduced following AA administration
(P<0.001) (fig. 6).

DISCUSSION

Anticancer treatment can damage healthy cells as well as
cancer cells (Mosleh-Shirazi et al., 2023). This damage
can have adverse effects on many organs and may lead to
undesirable  physiological outcomes (Redrado &
Fernandez - Moreira, 2023). Thus, side effects during or
after cancer treatment are of concern. This necessitates
clarifying the mechanisms of action for targeted
therapeutics or identifying supplementary agents that can
mitigate drug toxicity without compromising the
effectiveness of the treatment (Wang et al., 2023). In this
study, immune system organs and spleen tissue were
examined  histopathologically and  immunohisto-
chemically to evaluate DOX-induced splenic injury and
toxicity in  DOX-treated experimental  models.
Additionally, the inquiry into the protective mechanism of
AA against DOX was conducted using the examined
parameters.

Immune system parameters are often used to assess the
overall immune function of the body. Arsenic-exposed
rats exhibit a decrease in the size and parameters of the
spleen, which is ameliorated by AA (Maity et al., 2023).
The use of DOX is known to cause a reduce in the
thickness of white pulp, red pulp and the margin region
per volume (Dias et al., 2024) and to weaken immunity
by reducing the white pulp volume as well as the white
pulp/red pulp ratio (Shaldoum et al., 2021). The observed
decrease in the percentage of spleen white pulp may be
due to the suppression of lymphoproliferation and
genotoxic effects and possible cytotoxicity induced by
DOX (Karaulov et al., 2019).

The decrease in splenic parameters observed in the
present study was indicative of immunosuppression due
to DOX treatment. This difference may have been caused
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Table 1: Effect of ascorbic acid on the spleen weight/body weight ratio in patients with doxorubicin-induced

splenotoxicity.

Groups Spleen Weight/Body Weight %
Control 0.6529 £ 0.01162
AA 0.6575 £ 0.04792
DOX 0.5571 +0.0133°
AA+DOX 0.6296 + 0.03682

AA: ascorbic acid, DOX: Doxorubicin, AA+DOX: ascorbic acid+doxorubicin. ® "Differences between groups. (P<0.05).

Table 2: Comparison of histopathological changes among the groups.

Groups Edema Destruction in lymphoid cells Degeneration in the central arteriole
Control 0.16 £ 0.40° 0.00 £ 0.002 0.00 + 0.00?
AA 0.33+0.52 0.00 £ 0.002 0.00 + 0.00?
DOX 1.66 + 0.5° 1.66 + 0.40° 1.83 +0.40°
AA+DOX 0.83 £ 0.40° 1.00 £ 0.00° 1.12 + 0.40°

AA: ascorbic acid, DOX: doxorubicin, AA+DOX: ascorbic acid+doxorubicin. ® °Differences between groups (P<0.05).

Table 3: CD4* and CD8" immunopositivity in the spleen.

Groups CD4* CD8*
Control 48.56 + 0.19%A 40.41 £ 1.04%8
AA 50.42 £ 0.57%A 39.17 £ 0.26%®
DOX 35.80 + 1.64°A 31.60 + 1.93%8
AA+DOX 42.23 £ 0.3 36.04 + 1.42¢8

AA: ascorbic acid, DOX: doxorubicin, AA+DOX: ascorbic acid+doxorubicin. & 2 cDifferent letters in the same column indicate
differences between groups. ~ BDifferent letters in the same row indicate intra-group differences. (P<0.05).

by DOX-induced apoptosis, decreased absolute T-cell
counts, inhibition of lymphocyte stimulation, or
suppression of lymphoproliferation (Akter et al., 2022). In
accordance with these findings, the present study showed
that DOX disrupted the histological structure of the
spleen. The spleen tissue of the DOX-treated rats
exhibited sclerosis and hyalinosis in the central artery of
the germinal center, a reduction in the size of the white
pulp, and hyperplasia of interstitial fibrous tissue. DOX
caused hypoplasia, edema, destruction of lymphoid cells,
and degeneration of the central arteriole in the splenic
tissue, while AA alleviated hypoplasia and prevented
edema and destruction and degeneration in the spleen
tissue. Vitamin C administration strengthens the immune
system by activating lymphatic nodules in the central
arterioles of rats (El Deib et al., 2021). There are also
many studies on the effects of AA on splenic tissue
toxicity. However, there is no information on the
preventative action of AA against DOX-induced damage.

Disturbance of the intestinal epithelium, the most frequent
cause of adverse effects caused by DOX (20 mg/kg, i.p.),
leads to leakage of gut microbial-related endotoxins,
resulting in increased TLR4 signaling. This process
causes immunotoxicity via systemic inflammation and
multiple-organ damage (Chu et al., 2020). The
management of DOX at a dose of 18 mg/kg to albino rats
has been shown to cause marked congestion and
degenerative changes in the kidney, heart, liver, and testis

(Moustafa et al., 2021). In addition to its known side
effects, DOX use is also associated with the risk of
splenic injury (Shaldoum et al., 2021, Rocca et al., 2020).
One mechanism thought to be responsible for the severe
side effects of DOX is damage to the cellular elements
accountable for triggering immune responses, increasing
the likelihood of microbial infection and suppressing the
immune system (Lubis et al., 2019). It has been proven
that the use of DOX in rats leads to a decrease in
lymphocyte count and its toxic effects on the
hematopoietic system are evidenced by decreases in
erythrocyte, leukocyte, granulocyte, lymphocyte, and
monocyte counts (Owumi et al., 2021, Shaldoum et al.,
2021). DOX has been reported to be immunosuppressive
in rats, as it decreases interleukin-10 (IL-10) levels and
suppresses CD8* cytotoxic T cells (Wang et al., 2021).
The use of DOX in rats with tumors reportedly decreases
splenocyte IL-2 and INF-y production, lymphocyte
proliferation, the CD4*/CD8* ratio and natural Killer cell
cytotoxicity (Wang et al., 2023).

Consistent with the results herein, the immunosuppressive
effects of DOX, like CD4* and CD8" inhibition and a
delay in the decline of composite tissue allografts, have
been demonstrated (Lubis et al., 2019). One study
reported that DOX was found to impede lymphocyte
proliferation, macrophage phagocytic capacity and
activity, CD8+ cells and IL-10 (Chen et al., 2021).
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Fig. 1: A) Control group; normal view of red pulp (Rp) and white pulp (Wp); B) AA group; normal view of red pulp
(Rp) and white pulp (Wp); C) DOX group; normal view of red pulp (Rp) with moderate edematous areas in white pulp
(Wp) (Y); D) AA+DOX group; normal view of red pulp (Rp) with mild edematous areas in white pulp (Wp) (Y).
Spleen. H&E.

Fig. 2: A) Control group; central arteriole in its normal view (arrow) and lymphoid cells (arrowhead); B) AA group;
central arteriole in its normal view (arrow) and lymphoid cells (arrowhead); C) DOX group; moderately edematous
areas (Y), degenerative central arteriole (arrow), and destruction in lymphoid cells (arrowhead); D) AA+DOX group;
mildly edematous areas (Y), degenerative central arteriole (arrow), and damage in lymphoid cells (arrowhead). Spleen.
H&E.
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Fig. 3: A) Control group and B) AA group; CD4* immunopositivity, C) DOX group; decrease in CD4*
immunopositivity, D) AA+DOX group; increase in CD4* immunopositivity. Spleen. IHC.
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Fig. 4: A) Control group and B) AA group; CD8* immunopositivity, C) DOX group; decrease in CD8*
immunopositivity, D) AA+DOX group; increase in CD8* immunopositivity. Spleen. IHC.
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AA has been shown to be effective at preventing and
reversing lead acetate toxicity in the spleens of rats. AA
also has protective effects against mercuric chloride
toxicity in the spleen of experimental animals (Ahmed et
al., 2023). It is known that arsenic causes a decrease in
CD4* and CD8" counts in spleen tissue, and AA increases
CD4* and CD8* counts (Maity et al., 2023). Consistent
with these findings, AA attenuated the DOX-induced
decrease in CD4* and CD8* T lymphocytes by increasing
their immunostimulatory activity. This was probably due
to the antioxidant and genetic protective effects of AA,
which improved the lymphocyte count and reduced the
inflammatory result in the spleens of the DOX-treated
rats.
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Fig. 5: SOD enzyme activity. AA: ascorbic acid, DOX:
doxorubicin, AA+DOX: ascorbic acid+doxorubicin.
*(Comparison according to the healthy group), *:
indicates P<0.05 **:P<0.01 and ***:P<0.001. ©
(Comparison by spleen mjury group), 6: P<0.05 60: P<
0.01 666: p<0.001.
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Fig. 6: MDA enzyme activity. AA: Ascorbic acid, DOX:
doxorubicin, AA+DOX: Ascorbic acid + doxorubicin.
*(Comparison according to the healthy group), *:
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indicates P<0.05 **:P<0.01 and ***:P<0.001. 6
(Comparison by spleen njury group), 6: P<0.05 66: P<
0.01 666: p<0.001.

Our study revealed that SOD activity was decrease in the
AA+DOX group than in the DOX group, indicating that
the histological damage induced in the spleens of DOX
rats correlated with decreased SOD antioxidant enzyme
activity. Additionally, the MDA levels were greater in the
DOX group than in the AA+DOX group. Elevated levels
of MDA, a marker of lipid per oxidation, suggest cellular
damage. These findings align with a study by Erbas et al.
(2024), which also reported that histological damage
induced in the spleen of DOX rats was associated with
increased lipid peroxide content and decreased SOD
antioxidant enzyme activity.

Dysfunction of organs and components of the immune
system can weaken an organism’s defense mechanisms,
especially in the case of uncontrolled inflammation.
Inflammation usually occurs as a defense mechanism,
providing protection against different pathogens and
initiating repair and regeneration processes following
tissue damage. However, if inflammation progresses
undetected, chronic inflammation can occur, possibly
damaging the immune response as well as other systems
in the body. Therefore, maintaining a balanced
inflammatory balance and under control are important
(Galler et al., 2021).

CONCLUSION

In conclusion, DOX treatment affected the concentration
of CD4* and CD8" cells and the histologic structure of the
spleen tissue in rats. These findings indicate that
coadministration of AA with DOX may reduce DOX-
induced spleen tissue toxicity, immunotoxicity and
inflammatory responses and prevent cellular damage.
Therefore, AA can be considered a chemoprotective agent
against DOX-induced spleen toxicity. Nevertheless,
additional investigation is required to gain a deeper
understanding of the basic molecular processes the
protective impact of AA in rats treated with DOX and to
more effectively evaluate the potential hazards associated
with DOX.
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