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Introduction

ABSTRACT

Objective: Doxorubicin-mediated chemotherapy has been linked in cancer patients
with acute toxic manifestations. This study aimed to assess the protective effect of
natural honey against doxorubicin-induced toxicity in mice.

Methods: Forty male BALB/C mice were divided randomly and equally into four
groups of ten mice. Group [ was on a normal diet and served as the control. Group II
received only honey to investigate its antitoxic effects (oral administration at 10 g/kg for
10 days). Group III was injected with a single dose of doxorubicin (10 mg/kg i.p.).
Group IV received both doxorubicin and honey. On day 11, blood was taken from the
various groups of mice and the quantitative and qualitative changes were observed
in the white blood cells. The levels of hepatic, renal, and cardiac toxicity biomarkers
including aspartate aminotransaminase (AST), alanine aminotransaminase (ALT),
blood nitrogen urea (BUN), serum creatinine, lactate dehydrogenase (LDH), and
creatinine kinase (CK) were also assessed.

Results: This study revealed that doxorubicin caused acute toxicity, including weight
loss, depletion of white blood cells, and altered liver, kidney, and cardiac parameters
(P < 0.05). White blood cells in the blood picture from the doxorubicin-injected mice
exhibited toxicological changes, including abnormal morphology, disorganized nuclei,
dispersed chromatin strands, and granules. The consumption of honey improved the
liver, kidney, and heart biomarkers of toxicity in doxorubicin-injected mice (P < 0.05).
Honey reduced the levels of ALT, AST, BUN, serum creatinine, LDH, and CK in
doxorubicin-injected mice (P < 0.05).

Conclusion: The findings suggest that the consumption of natural honey can alleviate
doxorubicin-induced toxicity in cancer patients.

Keywords: Biochemical markers, cancer, doxorubicin, drug chemotherapy, honey,
toxicity

toxicity, nausea, vomiting, and alopecia.**! Doxorubicin
intercalates the DNA and produces free radicals by forming a

Chemotherapy is widely used to treat malignancies by
virtue of its ability to kill rapidly dividing tumor cells.
Moreover, chemotherapy targets fast-growing cells such as
the white blood cells and bone marrow cells. Therefore, the
administration of chemotherapy results in immunosuppressive
conditions in treated patients.['?! Although chemotherapy has
been successful in extending the survival of cancer patients,
its administration affects the quality of life.

Doxorubicin, also known as adriamycin, is one of the most
effective antitumor drugs with strong antineoplastic activity
against various types of cancers.’) However, the use of
doxorubicin in medicine has been limited due to its diverse
toxicities, including hematopoietic suppression, cardiac

compound called semiquinone or through oxidation-reduction
enzymes.!® These free radicals are toxic because they induce
the production of hydrogen peroxide, which reacts with lipids
and forms lipid peroxides.””’ Lipid peroxides destroy the plasma
membrane leading to toxicity of body organs such as the heart,
kidney, and liver. In recent years, various drug delivery
formulations have been prepared to increase the efficacy and
reduce the toxicity of doxorubicin.®*! Co-administration of
some immune-stimulating molecules have been resulted in
the recovery of doxorubicin-induced immunosuppression.%!!

The consumption of some natural dietary supplements

imparts health benefits and reduces the toxicity of the drugs.
For example, drinking camel milk and black tea have been
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reported to possess health benefits.!'>!3] Moreover, the
consumption of honey reduced the toxic effects of anticancer
drug cyclophosphamide.l" Honey has been utilized by humans
for centuries for nutritional and medicinal purposes.t'>'¢ It is
a natural food product formed from the nectar of flowers by
honey bees (Apis mellifera) and has therapeutic, nutritional,
and religious value.l' It is widely used as a therapeutic agent
for wound healing, cataracts, cough, sore throat, leg ulcers,
and measles.['>!"] The polyphenols in natural honey have
antiproliferative properties against different types of cancer,
and it has been shown to act as an immune booster in cancer
chemotherapy."®!Y Honey has also been shown to attenuate the
toxic effects of tartrazine and melamine in rats.2?!1 Here, we
assessed the protective effect of honey against doxorubicin-
induced toxicity in a murine model.

Materials and Methods

Reagents

Doxorubicin was obtained from Tocris Biosciences (Bristol,
UK). White blood cell counting reagents and the Leishman
stain were supplied by Loba Chemie (Mumbai, India). Natural
honey was collected freshly from sealed honeycombs in the
College of Agriculture Farm, Qassim University, Buraydah,
Saudi Arabia. The honey kept in the dark glass bottles and
preserved at 10°C.

Mice

Male BALB/C mice were procured from the vivarium of King
Saud University, Riyadh, Saudi Arabia. Mice were housed

under standard housing conditions (25 + 2°C temperature and
12 h light/dark cycle) for several weeks to acclimatize them
before the start of the experiment. Mice were supplied with
standard chow and tap water ad libitum.

Animal grouping and treatment

This work used 12—-14-week-old male BALB/C mice. Mice
were divided randomly and equally into four groups, and each
group contained 10 mice. Group I was on a normal diet and
served as a control. Mice in Group II received honey orally
at 10 g/kg. Group III was labeled as the treatment group and
mice received doxorubicin at a dose 10 mg/kg through an
intraperitoneal route as described previously.®! Group 1V
was labeled as a protective group and received doxorubicin
and honey, where a group of doxorubicin-injected mice was
given natural honey orally at a dose of 10 g/kg twice for 10
days.?” The blood samples were collected from the mice for
analysis after the completion of treatment. A schematic of the
experimental design is shown in Figure 1.

Quantitative and qualitative analysis of white
blood cells

The protective effect of the natural product honey against
doxorubicin-induced leukopenia in male BALB/C mice was
determined by evaluating both changes in the quantitative and
qualitative in white blood cells. The process of quantitative
analysis of white blood cells started on day 11 post-doxorubicin
injection in male BALB/C mice. The blood samples were
collected through retro-orbital puncture from three male
BALB/C mice in all mice groups, and the number of white
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Group 1 (10 mice)
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Group 2 (10 mice)
Honey (10 g/kg)

Male BALB/C mice

Group 3 (10 mice)
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ﬂ After 10 days ﬂ
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After 10 days
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Figure 1: Schematic diagram of the study methodology. AST: Aspartate transaminase; ALT: Alanine transaminase; BUN: Blood nitrogen urea;

LDH: Lactate dehydrogenase; CK: Creatinine kinase
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blood cells was then counted. Analysis of qualitative changes
in the white blood cells was performed by preparing the blood
smear and then staining these prepared slides with Leishman
reagent. The stained slides were washed and dried. The slides
were then examined under the microscope to analyze the
structural changes in the white blood cells.

Determination of the protective effect of natural
honey against doxorubicin-induced toxicity

The protective effect of natural honey against hepatotoxicity
induced by doxorubicin was determined in this study by
measuring the levels of liver inflammation biomarkers in
the blood such as aspartate aminotransaminase (AST) and
alanine aminotransaminase (ALT) through commercial
kits as described.?*! The effect of natural honey against
doxorubicin-induced renal and cardiac toxicity was also
determined by estimating the levels of blood urea, serum
creatinine, lactate dehydrogenase (LDH), and creatinine
kinase (CK).®

Statistical analysis

The data were expressed in the current study as mean =+
standard error of the mean (SEM). Various groups were
compared using a one-way ANOVA followed by Bonferroni’s
post hoc test. P<0.05 was considered statistically significant.
Data were graphed and analyzed using Prism software (Version
6.0, San Diego, USA).

Results

Consumption of honey protects white blood
cells against doxorubicin-induced toxicity

The protective effect of the natural product honey against
doxorubicin-induced toxicity was also evaluated in this study
by determining the quantitative and qualitative changes in
the white blood cells. The results showed that there was a
significant decrease in the number of white blood cells in
doxorubicin-injected mice (2827 £ 233/mm? of the blood)
versus the white blood cell count in the control mice (6302 +
352/mm? of the blood) on day 10 post-doxorubicin. Mice in
the group that received honey following doxorubicin injection
have (4400 + 349 white blood cells per mm?* of the blood):
This was significantly higher than in doxorubicin-injected mice
(P < 0.05) [Figure 2]. Mice in the group that received honey
but no doxorubicin have (6502 + 878 white blood cells per mm?
of the blood) [Figure 2].

Doxorubicin induces morphologic changes in
white blood cells

There were changes in both the shape and structure of the white
blood cells 10 days after doxorubicin injection. The cells from
negative control mice exhibited a normal structure [Figure 3a].
Those from doxorubicin-injected mice had an abnormal
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Figure 2: Effect of honey consumption recovery of doxorubicin-
induced leukopenia. Honey at a dose of 10 g/kg was given orally to
doxorubicin-injected male mice for 10 days. The white blood cells
were counted 11 days after doxorubicin in three mice per group.
The data are the mean values + standard error of the mean (SEM);
P <0.05. Dox: Doxorubicin

morphology, disorganized nuclei, dispersed chromatin strands,
and granules [Figure 3b]. Furthermore, most white blood cells
lost their compactness and integrity, which is important for
normal cell function. The white blood cells from the mice
that received both doxorubicin and honey had a lower effect
of doxorubicin [Figure 3c].

Honey consumption ameliorated doxorubicin-
induced hepatic toxicity

The effect of honey consumption against doxorubicin-induced
hepatic toxicity was determined by measuring the levels of
AST and ALT enzymes in the serum samples for both the
untreated male mice (control group) and treated male mice.
Administration of doxorubicin increased the level of AST to
118.6 £ 8.6 IU/L versus 26 + 2.50 IU/L in the control mice
group (P < 0.001). The honey co-administration remarkably
lowered the AST enzyme level to 56.33 + 6.6 (P < 0.01)
[Figure 4a].

The ALT levels were also higher in the blood samples of
the male mice treated with doxorubicin. The ALT was
88.33 £ 9.62 TU/L in doxorubicin-injected male mice versus
16.7 £ 2.6 IU/L in the normal control mice. Doxorubicin-
injected mice treated with honey had a significantly lower ALT
level of 48 + 5.5 TU/L (P < 0.01) [Figure 4b].

Consumption of honey reduces doxorubicin-
induced nephrotoxicity

Honey also reduced the doxorubicin-induced nephrotoxicity
as assessed by blood nitrogen urea (BUN) and serum creatinine
[Figure 5a and b]. Administration of doxorubicin substantially
increased the BUN level to 180 = 22.4 mg/dL versus 22.3 +
3.1 mg/dL in the control mice group [Figure 5a] (P < 0.001).
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Figure 3: Doxorubicin causes qualitative changes in white blood cells. Using 40x magnification, white blood cells from (a) normal control
mice, (b) doxorubicin-injected mice, and (c) doxorubicin-injected mice with honey treatment. Mice treated with doxorubicin at a dose of

10 mg/kg showed disintegrated white blood cells with dispersed chromatin strands and granules (b). Mice treated with doxorubicin and honey
showed normal white blood cells and white blood cells undergoing apoptosis (c). Dox: Doxorubicin
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Figure 4: Consumption of honey improves the liver functioning in doxorubicin-injected male mice. On day 11 after doxorubicin injection, the
blood sample was drawn from various groups of male mice to determine the levels of (a) aspartate transaminase and (b) alanine transaminase.
Data are the mean values + standard error of the mean; P < 0.01. Dox: Doxorubicin
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Figure 5: Consumption of honey reduces doxorubicin-induced renal toxicity. On day 11 post-doxorubicin injection, the blood sample was
drawn from various groups of male mice to determine the levels of (a) blood nitrogen urea and (b) serum creatinine. Data shown are mean

values =+ standard error of the mean; P < 0.05. Dox: Doxorubicin
The consumption of honey resulted in a significant reduction
of BUN from 180 + 22.4 mg/dL to 103.6 + 13.8 mg/dL
(P <0.05).

Serum creatinine is another biomarker of kidney dysfunction
and was measured in doxorubicin-injected mice with and
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without honey co-treatment. The serum creatinine level was
2.59 £ 0.36 mg/dL, which is considerably higher than the
value of 0.57 £ 0.064 mg/dL seen in male BALB/C mice in
the control group [Figure 5b] (P < 0.001). The consumption
of honey normalized serum creatinine to 1.61 = 0.32 mg/dL
[Figure 5b] (P < 0.05 vs. no treatment).
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Honey lowers the levels of LDH and CK enzymes
in doxorubicin-injected male mice

The effect of honey on doxorubicin-induced cardiac toxicity
was determined by measuring serum LDH and CK levels.
Male mice injected with doxorubicin at 10 mg/kg had LDH
levels that increased to 192.7 = 11.57% [Figure 6a]. This
was markedly higher than the LDH value in control mice
(P < 0.001). The consumption of natural honey reduced the
LDH levels to 152.3 £ 7.5% (P < 0.05).

The CK levels were 249 + 19% higher in doxorubicin-injected
mice than the normal control (P < 0.001) butonly 172+ 11.4%
higher when co-administered with honey (P < 0.05). The CK
levels were comparable in mice from the control group and
the honey-treated group [Figure 6b].

Discussion

Doxorubicin is a chemotherapy drug which is commonly used
in the treatment of different types of cancers.* It can also treat
several autoimmune diseases/non-specific immunopathies
and can prevent organ rejection due to its immunosuppressive
properties.?>?% This study assessed whether the oral administration
of honey could reduce doxorubicin-induced toxicity.

The results of the current study showed that doxorubicin
caused severe toxicity, including immunosuppression as
well as hepatic, renal, and cardiac toxicity. Consumption
of natural honey alleviated the toxic effects of doxorubicin.
This is evident from the findings of this study, which showed
the recovery of white blood cells in the doxorubicin-injected
mice that received honey. The metabolism of doxorubicin
generates highly reactive superoxide free radicals that are
highly toxic to cells, including white blood cells.?”? Honey
contains polyphenols and antioxidants that opposes the effects
of doxorubicin-generated free radicals to white blood cells.!"”!

Doxorubicin administration is toxic to hepatic cells because
of the production of reactive oxygen species, which includes

hydroxyl radicals and superoxide anions that lead to lipid
peroxidation and tissue damage.®?! These results indicated
that the administration of doxorubicin caused a substantial
elevation of enzymes such as AST and ALT, suggesting
liver inflammation and damage. Honey has been shown to
have healing properties in previous studies." In this work,
honey reduced the serum levels of AST and ALT enzymes in
doxorubicin-injected mice that received honey.

The therapeutic use of doxorubicin also led to nephrotoxicity.[”
The increased levels of BUN and creatinine in the doxorubicin-
injected mice suggest deterioration of kidney dysfunction.
Earlier, the consumption of honey has been shown to
protect against cisplatin-induced kidney toxicity through
the suppression of inflammation.B?'"! The results of this study
confirmed the protective effect of honey against doxorubicin-
induced kidney toxicity in mice.

Doxorubicin induces severe cardiac toxicity through multiple
mechanisms which include free radical stress, calcium
overloading, and mitochondrial dysfunction.?” The results of
this study suggested that doxorubicin substantially increases
the levels of the cardiac toxicity markers LDH and CK in mice
(these markers are indicative of cardiac toxicity). Honey is
an antioxidant and can significantly ameliorate doxorubicin-
induced cardiac toxicity.

The findings of this study can be explained by the fact
that reactive superoxide free radicals that generated in the
metabolism of doxorubicin are highly toxic to cells. Honey
has been shown to contain polyphenols and antioxidants that
oppose the effects of doxorubicin-generated free radicals.
Therefore, treatment with honey which contains several
antioxidants as reported previously can reverse the toxic
oxidative damages generated after doxorubicin treatment.['632]
Furthermore, it has been shown that honey has the capacity to
significantly decrease the lipid hydroperoxides concentration
generated during the lipid peroxidation process after
doxorubicin treatment.3! This is attributed to the content
of polyphenolic compounds found in the honey as shown in
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Figure 6: Consumption of honey reduces doxorubicin-induced cardiac toxicity as measured by (a) lactate dehydrogenase and (b) creatinine
kinase on day 11 post-doxorubicin injection. Data shown are mean values + standard error of the mean; P < 0.01. Dox: Doxorubicin
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previous reports.l'!?] Furthermore, honey has been reported
to have antimutagenic activity and a multifactorial process are
involved in the antitumoral effects of honey.!'¢

Conclusions

This study shows that the ingestion of honey after treatment
with doxorubicin in mice reduces the toxicological effects of
doxorubicin, protects white blood cells, and restores liver,
kidney, and heart function. These findings confirm the potency
of honey in protecting health due to its contents of some
important antioxidants including flavonoids and carotenoids.
Further research is needed to evaluate the effectiveness of the
honey as an antitoxic agent against other toxic drugs and in
humans.
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