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Abstract: Nephrotoxicity is one of the limiting factors for using doxorubicin (DOX). Honey, propolis,
and royal jelly were evaluated for their ability to protect against nephrotoxicity caused by DOX.
Forty-two adult albino rats were divided into control groups. The DOX group was injected i.p. with a
weekly dose of 3 mg/kg of DOX for six weeks. The DOX plus honey treated group was injected with
DOX and on the next day, received 500 mg/kg/day of honey orally for 21 days. The DOX plus royal
jelly treated group was injected with DOX and on the following day, received 100 mg/kg/day of royal
jelly orally for 21 days. The DOX plus propolis treated group received DOX and on the following day,
was treated orally with 50 mg/kg/day of propolis for 21 days. The DOX plus combined treatment
group received DOX and on the following day, was treated with a mix of honey, royal jelly, and
propolis orally for 21 days. Results confirmed that DOX raised creatinine, urea, MDA, and TNF-α
while decreasing GPX and SOD. Damages and elevated caspase-3 expression were discovered during
renal tissue’s histopathological and immunohistochemical studies. Combined treatment with honey,
royal jelly, and propolis improved biochemical, histological, and immunohistochemical studies in the
renal tissue. qRT-PCR revealed increased expression of poly (ADP-Ribose) polymerase-1 (PARP-1)
and a decline of Bcl-2 in the DOX group. However, combined treatment induced a significant decrease
in the PARP-1 gene and increased Bcl-2 expression levels. In addition, the combined treatment led
to significant improvement in the expression of both PARP-1 and Bcl-2 genes. In conclusion, the
combined treatment effectively inhibited nephrotoxicity induced by DOX.

Keywords: doxorubicin; nephrotoxicity; PARP-1; Bcl-2; TNF-α; honey; royal jelly; propolis

1. Introduction

Doxorubicin (DOX), an anthracycline antibiotic, has been applied as an effective
anti-cancer therapy since 1969 [1,2]. Despite its potent anti-cancer properties, the clinical
usefulness of DOX in cancer chemotherapy is limited by its severe consequences on non-
targeted organs, including the kidneys, liver, and brain [3]. DOX was reported to raise the
permeability of glomerular capillaries and atrophy of the glomeruli in rat kidneys [4]. After
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DOX accumulation, severe glomerular damage was produced due to oxidative stress [5].
Lipid peroxidation and diminished antioxidant enzyme activity are common mediators
promoting nephrotic syndrome [6]. Inflammation plays an influential role in renal damage
exhibited by DOX through cytokines and other cytotoxic factors [7]. Protein excretion
due to renal failure is primarily associated with damage to the filtration barrier [7]. This
filtration barrier deterioration is caused by DOX [8]. Several researchers reported that DOX
caused alterations in the kidney function parameters. Manal et al. (2019) published that
DOX caused significant increases in creatinine and urea levels [9]. DOX causes oxidative
stress in kidney tissues characterized by low antioxidant enzyme activity and enhanced
malondialdehyde activity [10]. DOX-induced nephrotoxicity causes increased vascular
porousness and glomerular contraction. It is marked by increased kidney functions and
raised lactate dehydrogenase activity, along with decreased renal Ca2+- ATPase, Mg2+-
ATPase, and Na+, K+-ATPase rates [11,12]. Natural antioxidants reduce harmful side
effects and improve the antitumor activity of anti-cancer medications [13–15]. Different
studies have demonstrated that a diet high in honey and bee products (propolis and royal
jelly) provides significant health benefits against various diseases due to their antioxidant
properties [16,17].

Honey is a naturally occurring food that is produced by bees. It is known worldwide
for its great nutrient ingredients beneficial to humans. Major sugars and vitamins, phenolic
acids, minerals, and phytochemicals are found in honey. Egyptians, Greeks, Romans, and
Chinese have all utilized honey to treat wounds and intestinal disorders, including gastric
ulcers. It has also been used to treat earache, coughs, and sore throats [18,19]. Honey has
lately been used for its anti-inflammatory, antimicrobial, and antioxidant activities and
for enhancing the immune response [20]. Honey’s biological activity can be related to its
polyphenolic content, linked to its antioxidant and anti-inflammatory properties, and its
cardiovascular, anti-proliferative, and antibacterial benefit [21,22].

Royal jelly is made from the mandibular glands and hypopharyngeal of worker
honeybees as a milky secretion [23]. It contains royalactin proteins, monosaccharides,
lipids, fatty acids, minerals, free amino acids, and vitamins. Antitumor, anti-inflammatory,
antioxidant, hypoglycemic, and hypo-cholesterolemic actions are considered biological
benefits of royal jelly [24,25].

Propolis, another defense product from the bee, is collected from different plant
sources. Additionally, propolis has several biological properties, including antioxidant and
free radical scavenger action, antimicrobial activity against a broad spectrum of pathogens,
anti-malignant action, anti-inflammatory activities, and immune-boosting properties by
promoting numerous pro-inflammatory cytokines [19]. Propolis was reported to enhance
the protective effect on kidney failure induced by paracetamol, carbon tetrachloride, and
Doxorubicin [26,27]. The current study aims to assess the preventive roles of natural honey,
royal jelly, and propolis administration, both alone and combined, on Dox-induced renal
toxicity. The biochemical, histopathological, immunohistochemical, and gene expression
modifications in albino rats were examined.

2. Materials and Methods
2.1. Chemicals and Natural Products

Doxorubicin (DOX) hydrochloride, honey, royal jelly, and propolis were obtained from
Sigma chemical company (St. Louis, MO, USA).

2.2. Experimental Animals

The protocol of the Institutes of Health (NIH) and the Commission for Control and
Supervision of Experiments on Animals (CPCSEA) (registration number: 13/165) were
performed in our experimental animal study. Our research was conducted in the biology
lab of Ain Shams University’s Department of Zoology, Faculty of Women for Arts, Science,
and Education. The rats used in this investigation were 42 adult male albino rats weighing
(150–160 g). Rats were kept in a properly ventilated room and exposed to natural light
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(12:12 h light-dark cycle). In the laboratory, the animals were housed in metabolic labeled
cages at a constant temperature of 25 ◦C. They had unrestricted access to conventional dry
pellet food and water. They were acclimated for a week before the experiment started.

2.3. Induction of Nephrotoxicity

Doxorubicin (DOX) hydrochloride 10 mg vial (Pharmacia Italia, Milano, Italy) was
injected intraperitoneally in six equal doses (i.p., 3 mg/kg b.w.) for six weeks (one dosage
each week for a total dose was18 mg/kg b.w.) as previously described [28]. All other
chemicals and reagents used were of analytical grade.

2.4. Experimental Design

Forty-two male albino rats were divided into six groups of seven animals each. The
control group (NG) was given saline; the Doxorubicin group (DOX-G) was administrated
with a single dose of 3 mg/kg/week i.p. of DOX for six weeks for kidney toxicity induction;
the Dox plus honey treated group (DOX-H) was introduced with DOX (single dosage
of 3 mg/kg/week i.p. for six weeks) and on the next day receiving 500 mg/kg/day of
honey orally for 21 days; the Dox plus royal jelly treated group (DOX-R) treated with
DOX (only one dose 3 mg/kg/week i.p. for six weeks) and on the next day treated orally
with 100 mg/kg/day royal jelly for 21 days; the Dox plus propolis treated group (DOXP)
received DOX (single dose 3 mg/kg/week i.p.) and on the next day treated orally with
50 mg/kg/day propolis for 21 days; the Dox plus honey, royal jelly, and propolis combined
group (DOXHRP) received DOX (15 mg/kg, i.p.) and on the subsequent day treated with
500 mg/kg/day of honey, 100 mg/kg/day Royal jelly, and 50 mg/kg/day propolis orally
for 21 days.

At the end of the experiment, non-heparinized capillary tubes were used to collect
blood samples from the retro-orbital plexus. To analyze kidney functions, serum specimens
were produced after centrifuging for 20 min and collecting the supernatants. The kidneys
were promptly divided and cleaned with saline after decapitating the rats. One portion of
the kidney was homogenized in phosphate-buffered saline and centrifuged to prepare 25%
w/v tissue homogenates. After that, the supernatants were collected and kept at −80 ◦C
until analysis. For histopathology and immunohistochemistry examination, another kidney
section was rinsed with saline and then put in 10% formal saline. The third part was kept
at −80 ◦C in trizol for gene expression analyses.

2.5. Biochemical Determinations

Renal Biomarkers: Biodiagnostic Co. Egypt kit was used as a colorimetric method to
assay urea, as previously described [29]. Creatinine was measured using a Kit obtained
from Diamond Diagnostics Co., Cairo, Egypt, according to [30].

Antioxidants and oxidative markers: Biodiagnostic Co., Egypt kits were used in
colorimetric methods to determine renal malondialdehyde (MDA), superoxidase dismutase
(SOD), and glutathione peroxidase (GPX) according to [31–34], respectively.

Tumor necrosis factor-α (TNF-α) and B-Cell Leukemia/Lymphoma 2 (Bcl2): Tumor
necrosis factor-α (TNF-α) content was evaluated by ELISA technique using a TNF-α assay
kit acquired from Assay Pro., Co., Charles city, IA, USA, following the procedure described
by [35]. B-Cell Leukemia/Lymphoma 2 (Bcl2) was measured using the ELISA technique
following the manufacturer’s instructions for ELISA KIT of rat Bcl2 procured from Cloud-
Clone Corp. (CCC, Houston, TX, USA).

2.6. Cell Examination of Kidney Tissues

Dissected renal tissue samples were rinsed in normal saline and fixed in 10% saline
for 72 h. After that, the specimens were cut and dried in alcohol, then cleared in xylene,
filtered in wax, and finally blocked out into Paraplast tissue embedding media. A rotatory
microtome was used to cut 5 µm thick sections of each sample. According to the previ-
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ously reported methodology, the sections were stained with hematoxylin and eosin (H&E)
stain [36]. Slides were examined under a microscope at 400×magnification.

2.7. Immuno-Histochemical Study (Caspase-3)

Caspase 3 antibodies were stained immunohistochemically at dilution (1:50) and on
4-µm, paraffin-embedded sections. Antigen retrieval in all samples was accomplished
by heating the plates for 30 min in a solution of EDTA (1-mmol/L, pH 8.0), followed
by endogenous biotin inhibition. Staining with an automated immune Stainer (DAKO)
was performed, then detected with a streptavidin-biotin detection system. Additionally,
positive and negative control sections were applied.

2.8. Gene Expression Analysis

The changes in mRNA levels of PARP1 and Bcl2 genes were assessed using quantitative
real-time PCR [37,38]. An internal control GAPDH was used as a standard for the RT- PCR analysis.
Trizol reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) was used to extract the total RNA
of kidney tissue following the supported manufacture. The spectrophotometer was used to investi-
gate the purity and concentration of total RNA. The cDNA synthesis kit (Takara, Kyoto, Japan) was
used for cDNA synthesizing according to the manufacturer’s instructions. Quantitative RT-PCR
was conducted using the SYBR Green mix kit (Applied Biosystems, Foster City, CA, USA) applying
Mini TM thermocycler (Bio-Rad Laboratories Inc., New York, CA, USA). In a final volume of 25 µL,
2 µL cDNA was added to 12.5 µL 2× SYBR Green mix, 1 µL of each forward and reverse primers,
and 8.5µL of deionized distal water. The primers sequences were designed using primer design soft-
ware Primer 3 version 4.1.0 online at https://primer3.ut.ee/ (accessed on 31 March 2022): Bcl-2 (F)
5′-TTTGATTTCTCCTGGCTGTCT-3′ and (R) 5′-CTGATTTGACCATTTGCCTG-3′; PARP-1 (F) 5′-
TCTCCAATCGCT TCTACACCCT-3′ and (R) 5′-TACTGCTGTCATCAGACCCACC-3′; GAPDH
(F) 5-GCAAGTTC GCAAGTTCAACGGCACAGTCAAG-3 and (R) 5-GTACTCAGCACCAGCAT
CACC-3(The PCR reactions followed programs of first 95 ◦C for 10 min, then 40 cycles consisting
of 94 ◦C for 15 s, and 60 ◦C for 1 min, finally melting curve analysis was used to specify the
amplification. gene accession number Bcl_2, PARP-1, NM_013063.2 and NM_016993.2) The 2∆∆CT
method was used to analyze the obtained data. The mRNA levels results were generalized against
the amount of housekeeping gene GAPDH Results were presented as fold change relative to the
negative control (RFC) [39].

2.9. Statistical Analysis

The SPSS program version 25 (IBM Corp., Armonk, NY, USA) was used to analyze the
obtained data statistically. The mean and standard error were used to summarize our data.
For comparisons between groups, variance analysis (ANOVA) was used with a multiple
comparisons post hoc test for every two groups.

3. Results
3.1. Renal Biomarkers

The findings in Figure 1A,B show that serum creatinine and urea levels in the DOX
group were significantly higher (p ≤ 0.05) than in the control group. However, compared to
the DOX group, treatment of H, R, or P alone or a mixture of H, R, and P led to a substantial
reduction (p ≤ 0.05) in the serum urea and creatinine levels.

3.2. Antioxidants Status

The effects of H, R, and P, alone or combined of all H, R, and P on MDA and enzymatic
antioxidants in DOX-treated rats are shown in Figure 2A,B. The DOX group had a significant
rise in renal MDA content (p ≤ 0.05) in contrast to the control group. Treatment of the DOX
group with H, R, and P or all of H, R, and P together, on the other hand, reversed this rise
as evidenced by a significant decline (p ≤ 0.05) in MDA concentration when compared to
the DOX group. Compared to controls, the DOX group had significantly lower SOD and
GPX. As the DOX group was treated with H, R, and P, alone or combined of all H, R, and P

https://primer3.ut.ee/
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together, the level of SOD and GPX in the kidney homogenate increased (p ≤ 0.05) relative
to the DOX group.
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Figure 1. Effect of honey (H), royal jelly (R), and propolis (P) on the renal functions in rats treated
with Doxorubicin, (A) creatinine, and (B) urea. Values are shown as mean ± SE. Different lowercase
letters indicate significant differences compared to the corresponding value in the control group at
p < 0.05.

3.3. Inflammatory Markers

Results in Figure 3 demonstrate the treatment with H, R, and P, alone or combined
of H, R, and P together on renal TNF-α in the DOX group. The DOX group showed a
significant increase (p ≤ 0.05) in TNF-α levels compared to the control group. In contrast,
when the DOX group was treated with H, R, and P, alone or combined with H, R, and P,
the renal levels of TNF-α were markedly decreased (p ≤ 0.05) compared to the untreated
DOX group.
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activity in renal tissues of rats treated with Doxorubicin, (A) MDA, (B) SOD, and (C) GPX. Values
are shown as mean ± SE. Statistically, Different lowercase letters indicate significant differences
compared to the corresponding value in the control group at p < 0.05.
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3.4. Histopathological Analysis: Haematoxylin and Eosin

The control group’s kidney sections (Figure 4A) revealed an average renal capsule,
average glomeruli with average Bowman’s spaces, average proximal tubules with pre-
served brush borders, average distal tubules, and an average renal medulla with average
collecting tubules, average epithelial lining, and average interstitium. In the DOX group,
the kidney showed average renal capsule, atrophied glomeruli with enlarged Bowman’s
gaps, proximal tubules with apoptotic epithelial lining, partial loss of brush borders, and
intra-tubular debris notably dilated congested interstitial blood vessels with areas of hem-
orrhage. The renal medulla demonstrated collecting tubules with apoptotic epithelial
lining and congested peri-tubular capillaries (Figure 4B). Regarding the renal medulla of
the Dox + H group (Figure 4C), no histopathological changes were detected except for a
few sections that exhibited marked congestion. Similarly, the renal medulla of the Dox +
R group (Figure 4D) was apparently normal except for some sections that showed renal
tubular degeneration and necrosis. Figure 4E (Dox + P) and Figure 4F (DOX + H + R + P)
show an apparently normal renal cortex with congestion in some instances while exhibiting
an apparently normal renal medulla.
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Figure 4. Control group (A) high power view shows average glomeruli with average Bowman’s
spaces, average proximal tubules with preserved brush borders (black arrow), average distal tubules,
and average interstitium (H&E); Dox group (B) showing focal cystic dilation of renal tubules with
focal interstitial nephritis (H&E); Dox + H group (C) showing apparently normal renal cortex with
few tubules containing renal cast (arrow) (H&E); (D) (Dox + R), showing some degenerating renal
tubules (H&E); Dox + P group (E) showing apparently normal renal medulla (H&E); Dox + H + R + P
group (F) showing apparently normal renal cortex (H&E).
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3.5. Immuno-Histochemical Studies: Caspase 3

In the control group, the kidneys showed negative reactivity (0) for caspase-3 in
glomeruli, negative cytoplasmic reactivity (0) in proximal tubules, and negative reactivity
(0) in collecting tubules (Figure 5A); however, in the DOX Group, the kidneys showed
an average renal capsule, atrophied glomeruli with widened Bowman’s spaces, proximal
tubules with apoptotic epithelial lining with high expression of caspase 3% when compared
with the control group at p≤ 0.05 (Figure 5G), partial loss of brush borders and intra-tubular
debris, and markedly dilated congested interstitial blood vessels with areas of hemorrhage.
The renal medulla showed collecting tubules with apoptotic epithelial lining and congested
peri-tubular capillaries (Figure 5B). In particular Dox + H and Dox + R groups, the kidneys
showed moderate cytoplasmic reactivity (++) for caspase-3 in glomeruli, moderate (++)
in proximal tubules, and moderate reactivity (++) in collecting tubules (Figure 5C,D) with
a significant decrease in optical density % of Caspase 3 in comparison with Dox group at
p ≤ 0.05 (Figure 5G). On the other hand, kidneys in both Dox + P and Dox + H + R + P
groups showed improvement in weak cytoplasmic reactivity (+) for caspase-3 (Figure 5E,F)
with significant inhibition in optical density % of Caspase 3 in comparison with Dox group
as well as Dox + H and Dox + R groups at p ≤ 0.05 (Figure 5G).
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Figure 5. Control group (A) high power view showing negative expression of caspase 3 (immunos-
taining); Dox group (B) showing higher expression of caspase 3 (immunostaining); Dox + H group (C)
and Dox + R group (D) showing moderate expression of caspase 3 (immunostaining); Dox + P group
(E) and Dox + H + R + P group (F) show weak expression of caspase 3 (immunostaining). (G) Optical
density% for Caspase 3 in experimental groups. Results are expressed as mean± S.E.M. and analyzed
using one-way ANOVA followed by Bonferroni’s test for multiple comparisons. * p ≤ 0.05 versus
control group. & p ≤ 0.05 versus Dox group. a p ≤ 0.05 versus Dox + H group. b p ≤ 0.05 versus Dox
+ R group. n = 5.
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3.6. Gene Expression Analysis

The present study detects changes in the mRNA expression levels of two genes as
molecular biomarkers using real-time PCR. The inflammatory impact and anti-apoptotic
effect of DOX and treatment with honey, royal jelly, and propolis were detected in kidney
tissues. A statistically significant (p ≤ 0.05) increase in PARP-1 gene expression was
determined after DOX injection compared to the control group (5.5, 1.06, respectively).
The protective effect of honey, propolis, and royal jelly treatment was detected in the
significant downregulation (p ≤ 0.05) of the PARP-1 gene expression level, whereas highly
significant (p≤ 0.01) downregulation was demonstrated after combined treatment of honey,
royal jelly, and propolis as compared to the DOX group (4.3, 4.7, 3.9, 2.6, 5.5, respectively).
The apoptotic molecular biomarker Bcl2 showed significant downregulation of Bcl2 gene
expression after treatment with DOX (1.3) compared to the control group (5.9). Treatment
with honey, propolis, and royal jelly after nephrotoxicity induction with DOX resulted in a
significant (p ≤ 0.05) increase in Bcl2 mRNA expression and was highly significant with a
combined honey, royal jelly, and propolis treatment as compared with the DOX group (1.7,
1.8, 1.9, 2.4, 1.3, respectively) (Figure 6).
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Figure 6. Histogram for poly (ADP-ribose) polymerase 1 (PARP-1) and Bcl2 genes expression in
response to treatment with honey (H), propolis (P), and royal jelly (R) mix (H + P + R) on rats treated
with Doxorubicin. The groups are negative control; Dox treated group (Dox); the Dox +hony treated
group (Dox + H); the Dox + royal jelly treated group (Dox + R); the Dox +propolis treated group
(Dox + P); the Dox + mix of honey, royal jelly, and propolis treated group (Dox + H + P + R). * mean
significant p-value less than 0.05. ** mean significant p-value less than 0.01.

4. Discussion

Our study revealed a decline in the glomerular filtration level and a considerable
increase in blood creatinine and urea after DOX administration. These findings were
consistent with data previously published by [8,40]. They stated that chemotherapy causes
acute renal failure with severe renal tubular impairments. The mechanism of DOX-inducing
renal injury is through inflammation, which stimulates ROS production and apoptosis,
with a decrease in antioxidant enzymes in the kidneys [41]. The most sensitive markers of
nephrotoxicity are serum urea and creatinine [42]. The elevated creatinine level in the DOX
group is related to DOX toxicity disrupting kidney function, which profoundly affects total
body metabolism (Figure 7). Our investigation parallels the earlier analyses [43].
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In contrast, the treatment with H, R, and P, or all of them as a mixture, improved ab-
normalities in renal parameters (serum creatinine and urea) caused by DOX. Previously, the
utilization of honey was revealed to protect against cisplatin-induced kidney toxicity via the
suppression of inflammation [44]. These findings established the protecting role of honey
against DOX-induced kidney toxicity in rats. These results agree with the results found by
Omotayo et al. (2012), Waykar et al. (2018), and Alhumaydhi (2020), who indicated that royal
jelly and honey have preventive properties on renal dysfunctions [22,45,46]. Honey and royal
jelly are both beneficial foods with high antioxidant capacity. They have hepato-protective,
hypoglycemic, reproductive, and antihypertensive benefits. Several investigations declared
the protective effect of honey in kidney functions against many drugs [47]. Another study
reported the capability of honey to preclude hepato-nephrotoxicity-induced rats treated with
cadmium. Additionally, the nephroprotective effect of propolis was evaluated by Baykara et al.
by improving renal oxidation and decreasing serum creatinine urea levels which are similar to
our data [48].

Promsan et al. studied pretreatment with one of the main constituents of propolis
flavonoids, pinocembrin (5,7-dihydroxyflavone), which enhanced renal function and di-
minished apoptotic and oxidative stress markers [49]. These conclusions determined the
protective effect of pinocembrin against nephrotoxicity because of its antioxidant and anti-
apoptotic roles. It regulates the antioxidant enzymes and attenuates the rise in oxidative
stress through Nrf2/HO-1 and NQO1 pathways [50]. An increase of MDA, an indicator of
lipid peroxidation, is directly associated with free radical impairment to the glomerular
basement membrane. The dismutation of O2 to H2O2 and molecular oxygen is catalyzed
by the SOD enzyme, while GPX catalyzes the degradation of H2O2 to O2 and H2O. The
reduction of SOD and GPX activities and increment of MDA content were revealed after
DOX injection, resulting in diminished kidney ability to scavenge toxic H2O2 and lipid
peroxides. These conclusions agree with El-Sheikh et al., who discussed the mechanism by
which DOX-induced nephrotoxicity and cytotoxicity, evidenced by the breakdown of cell
membranes and cellular components, is accelerated by oxidative stress generated by excess
reactive oxygen species (ROS) [51]. ROS activity changes specific intracellular components,
including proteins, lipids, and nuclear DNA [52].
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The treatment with H, R, and P, separated or mixed, was proven to lower MDA levels
and alter SOD and GPX levels. These results are consistent with earlier research that
indicated an increase in antioxidant levels in honey use; this effect might be accompanied
by the honey composition, such as many nutrients and antioxidants [53,54]. Additionally,
these findings suggest a potent protective effect against oxidative stress, resulting in honey
administration. Moreover, royal jelly’s high antioxidant capacity facilitates scavenging free
radicals, lowering the nitric oxide level and subsequently reducing lipid oxidation and
inhibiting protein oxidation, as reflected through the decline in renal function parameters.
Additionally, honey and royal jelly serve an effective role in developing normal cellular
immunity [55]. Propolis, a strong antioxidant rich in flavonoids, can scavenge free radicals
and therefore protect the cell membrane against lipid peroxidation. Caffeic acid phenethyl
ester (CAPE) is one of the main components of propolis, which can block ROS production
in several systems [56]. Additionally, propolis induced upregulation of Nrf2 expression, the
main intracellular transcription factor. It is released under oxidative stress from its repressor
(Keap1) and thus restores antioxidant enzyme function. The released Nrf2 binds to the an-
tioxidant response element (ARE) in the gene promoter of cytoprotective genes, stimulating
their expression. Subsequently, to remove the effect of cytotoxic oxidants, the expression
of free radical-scavenging enzymes occurred [57,58]. DOX administration produced a
significant increase in TNF-α levels, a pro-inflammatory cytokine created by glomerular
and tubular cells and outside injected inflammatory cells, and acts via mitogen-activated
protein kinases (MAPKs) and nuclear factor kappa B (NF-κB) signaling pathways [59]. The
initiation of these paths upregulates the expression of some inflammatory cytokines, such
as TNF-α [60]. Al-Saedi et al. DOX-produced superoxide anion was found responsible for
TNF-induced nuclear factor (NF) stimulation [61] and TNF upregulation [62].

After the DOX group was treated with H, R, and P, or a mixture of them, there
was a noticeable increase in TNF-α levels. These findings were in accordance with Thi
Lan Nguyen et al., who found that the anti-inflammatory activity of honey is due to its
phenolic mixes and other minor constituents [63]. Ahmad et al. and Kassim et al. detected
that quercetin, chrysin, ellagic acid, and ferulic acid hesperetin in honey are protective
supplements for different inflammatory diseases [64,65]. Royal jelly treatment controlled
the alterations of measured pro-inflammatory cytokine. Several reports documented the
beneficial impact of royal jelly and its ingredients on anti-inflammatory activity in different
experimental models. Moreover, one of the major lipid constituents in royal jelly is 10-
hydroxy-2-decenoic acid, which was said to exert anti-inflammatory consequences in colon
cancer cells passing through inhibiting NF-κB, which further inhibited the release of TNF-α.
CAPE, the main constituent in propolis, may be responsible for propolis’s anti-inflammatory
effects by lowering the inflammatory cytokines in the inflammatory cells [66].

The histological examination in the present study revealed glomerular congestion,
tubular degeneration, vacuolization, necrosis, hyaline cast, brush border loss of proximal
cells, and epithelial cell detachment in the DOX group. These alterations were linked to
the failure of renal functions, such as elevated creatinine and urea levels. These results
were attributed to DOX, which was absorbed by the kidney’s tubular cells, especially in
proximal tubules. Additionally, this result could be associated with the high concentration
of free radicals that cause lipid peroxidation due to the induction of DOX. Similarly, Köse
et al. reported that DOX administration resulted in renal cell degeneration with detectable
apoptotic bodies due to ROS production [67]. Administration of H, R, and P provided renal
histological treatment as normal tubules, glomeruli, and interstitial nephritis were detected.
These facts are in harmony with [67,68]. The current findings point to the antioxidant
involvement of H, R, and P in scavenging ROS and furthermore their anti-apoptotic and
anti-inflammatory properties.

Apoptosis recreates a causative function in developing DOX toxicity in different tis-
sues [69]. In the current work, DOX produced a significant elevation in the immunological
reactivity of caspase-3 in the cytoplasm of renal cells. These results were attributed to the
reactive oxidative stress-producing oxidative stress in addition to inflammation, leading to
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the apoptosis of tubular cells. These statements agree with Rashid et al., who attributed
the activation of apoptotic DOX, which resulted in DNA injury and mitochondrial DNA
damage [70]. The present work also explained the sufficient suppression of apoptosis by
propolis extract in kidneys exposed to DOX. This anti-apoptotic effect of honey, royal jelly,
and propolis was reported by other investigators [71]. To clarify the protective mechanisms
of H, P, and R, and (H + P + R) combined at the molecular level, the expression levels
of Bcl-2 and PARP-1 were evaluated. Poly (ADP-ribose) polymerase (PARP) is known to
stimulate a specific response wherein the ADP-ribose moiety of NAD+ is transmitted to an
amino acid receptor, producing poly (ADP-ribose) polymers. The PARP family includes 17
enzymes participating in a conserved catalytic domain [72].

Additionally, PARP-1 is mainly depicted as a key enzyme for detecting and repairing
DNA damage; however, excessive activation of PARP-1 causes necrotic cell death by
depleting intracellular ATP [73]. Our results indicated that treatment with DOX induces
kidney injury and increases PARP-1 gene expression level two-fold. These effects were
modulated by treatment with the H, P, and R, and (H + P + R) mixture. These findings
were in line with other studies that point out PARP-1 inhibition of expression of adhesion
molecules, infiltration in the inflammatory cells, and secondary oxidative injury in the
kidney [74–76]. Mixed administration of royal jelly and honey diminished the cisplatin-
induced alterations in diagnostic markers of both kidney and liver functions, under the
effect of the capability of honey and royal jelly to scavenge free radicals, lipid peroxidation
inhibition, and its anti-inflammatory roles [46,77]. Bcl-2, an anti-apoptotic gene, and
its product of the Bcl-2 protein, inhibits the progression of apoptosis by the variability
of oxidative stress and through interaction with mitochondrial superoxide dismutase
SOD [78]. Obtained results showed that Bcl-2 gene expression was lessened in the DOX
treatment group and increased significantly due to treatment with H, P, and R, and (H +
P + R) combined. This effect might be due to the antioxidant potentiality of H, P, and R.
Honey, propolis, and royal jelly are shown to have antioxidant properties [79,80].

5. Conclusions

We conclude that the administration of honey, propolis, and royal jelly significantly
enhanced and resolved the renal injuries and toxicity that took place after the Doxorubicin
injection. The mitigation of renal damage was in the significant improvement of kidney
function assays, renal histopathology and immunohistochemistry, and mRNA of Bcl-2 and
PARP-1 expression levels. Furthermore, the combined treatment significantly inhibited
nephrotoxicity induced by DOX compared to the honey, propolis, and royal jelly alone.
These natural products induce antioxidant effects, prevent oxidative stress, and enhance
the expression level of anti-apoptotic genes.

Author Contributions: Conceptualization, H.K.M., M.A.M., R.A.E., H.M.H. and N.S.A.; methodol-
ogy, H.K.M., M.A.M., R.A.E., M.T.H., R.E.-S., S.A.-G., M.M.S. and N.S.A.; software, H.K.M., M.A.M.,
R.A.E., M.T.H., H.M.H., S.A.-G. and M.M.S.; validation, M.T.H., H.M.H., R.E.-S. and N.S.A.; formal
analysis, H.K.M., M.A.M., R.A.E., M.T.H., R.E.-S., S.A.-G., M.M.S. and N.S.A.; investigation, M.T.H.,
H.M.H., R.E.-S. and N.S.A.; resources, R.E.-S., S.A.-G. and M.M.S.; data curation, H.K.M., M.A.M.,
R.A.E., H.M.H., S.A.-G. and M.M.S.; writing—original draft preparation, H.K.M., M.A.M., R.A.E.,
M.T.H., S.A.-G., M.M.S. and N.S.A.; writing—review and editing, H.K.M., M.A.M., R.A.E., M.T.H.,
H.M.H., R.E.-S., S.A.-G., M.M.S. and N.S.A.; visualization, R.A.E., M.T.H., H.M.H., R.E.-S., S.A.-G.,
M.M.S. and N.S.A.; supervision, M.T.H., S.A.-G., M.M.S. and N.S.A.; project administration, H.K.M.,
M.A.M., R.A.E., M.T.H., H.M.H. and N.S.A.; funding acquisition, R.E.-S. All authors have read and
agreed to the published version of the manuscript.

Funding: This work was funded by the Deanship of Scientific Research at Jouf University under
grant No (DSR-2021-01-03146).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article.



Antioxidants 2022, 11, 1029 13 of 15

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Refaie, M.M.; Amin, E.F.; El-Tahawy, N.F.; Abdelrahman, A.M. Possible protective effect of diacerein on doxorubicin-induced

nephrotoxicity in rats. J. Toxicol. 2016, 2016, 9507563. [CrossRef] [PubMed]
2. Hekmat, A.S.; Chenari, A.; Alipanah, H.; Javanmardi, K. Protective effect of alamandine on doxorubicin-induced nephrotoxicity

in rats. BMC Pharm. Toxicol. 2021, 22, 31.
3. Özgermen, B.; Bulut, G.; Alpaslan Pinarli, F.; Gültekin, S.; Özen, D.; Yavuz, O.; Haydardedeoglu, A.E. Investigation of the effects of

fetal rat kidney-derived mesenchymal stem cells implementation on doxorubicin-induced nephropathy in male Sprague–Dawley
rats. Ank. Univ. Vet. Fak. Derg. 2022, 69, 201–209. [CrossRef]

4. Saad, S.Y.; Najjar, T.A.; Al-Rýkabý, A.C. The preventive role of deferoxamine against acute doxorubicin-induced cardiac, renal
and hepatic toxicity in rats. Pharmacol. Res. 2001, 43, 211–218. [CrossRef] [PubMed]

5. Khodeer, D.M.; Mehanna, E.T.; Abushouk, A.I.; Abdel-Daim, M.M. Protective Effects of Evening Primrose Oil against
Cyclophosphamide-Induced Biochemical, Histopathological, and Genotoxic Alterations in Mice. Pathogens 2020, 9, 98. [CrossRef]

6. Rafiee, Z.; Moaiedi, M.Z.; Gorji, A.V.; Mansouri, E. p-Coumaric Acid Mitigates Doxorubicin-Induced Nephrotoxicity Through
Suppression of Oxidative Stress, Inflammation and Apoptosis. Arch. Med. Res. 2020, 51, 32–40. [CrossRef]

7. Saad, Z.A.; Khodeer, D.M.; Zaitone, S.A.; Ahmed, A.A.M.; Moustafa, Y.M. Exenatide Ameliorates Experimental Non-Alcoholic
Fatty Liver in Rats via Suppression of Toll-like Receptor 4/NFκB Signaling: Comparison to Metformin. Life Sci. 2020, 253, 117725.
[CrossRef]

8. Afsar, T.; Razak, S.; Almajwal, A.; Al-Disi, D. Doxorubicin-induced alterations in kidney functioning, oxidative stress, DNA
damage, and renal tissue morphology; Improvement by Acacia hydaspica tannin-rich ethyl acetate fraction. Saudi J. Biol. Sci. 2020,
27, 2251–2260. [CrossRef]

9. Sami, M.M.; Ali, E.A.; Galhom, R.A.; Youssef, A.M.; Mohammad, H.M. Boswellic acids ameliorate doxorubicin-induced
nephrotoxicity in mice: A focus on antioxidant and anti-apoptotic effects. Egypt. J. Basic Appl. Sci. 2019, 6, 10–24. [CrossRef]

10. Deaval, D.G.; Martin, E.A.; Horner, J.M. Drug-induced oxidative stress and toxicity. J. Toxicol. 2012, 21, 645460. [CrossRef]
11. Crook, M.A. Clinical Biochemistry and Metabolic Medicine, 8th ed.; Hodder and Stoughton Ltd.: London, UK, 2012.
12. El-Rahman, G.I.A.; Behairy, A.; Elseddawy, N.M.; Batiha, G.E.-S.; Hozzein, W.N.; Khodeer, D.M.; Abd-Elhakim, Y.M. Saussurea

Lappa Ethanolic Extract Attenuates Triamcinolone Acetonide-Induced Pulmonary and Splenic Tissue Damage in Rats via
Modulation of Oxidative Stress, Inflammation, and Apoptosis. Antioxidants 2020, 9, 396. [CrossRef] [PubMed]

13. Montaser, M.; Ebiya, R.A.; Afifi, M.; Saddick, S.; Allogmani, A.S.; Almaghrabi, O.A. Effect of natural and synthetic food colorants
on spermatogenesis and the expression of its controlling genes. Slov. Vet. Res. 2018, 55, 187–199. [CrossRef]

14. Madbouly, S.; Ebiya, R. Histopathological and molecular assessment of moringa and sesame oil as protective potential in
gentamicin induced nephrotoxicity. Cienc. Tec. Vitivinic. 2018, 33, 248–267.

15. Zhang, X.; Yeung, E.D.; Wang, J.; Panzhinskiy, E.E.; Tong, C.; Li, W.; Li, J. Isoliquiritigenin, a natural antioxidant, selectively
inhibits the proliferation of prostate cancer cells. Clin. Exp. Pharmacol. Physiol. 2010, 4, 841–847. [CrossRef] [PubMed]

16. Atrooz, O.M.; Al-Sabayleh, M.A.; Al-Abbadi, S.Y. Studies on physical and chemical analysis of various honey samples and their
antioxidant activities. J. Biol. Sci. 2008, 8, 1338–1342. [CrossRef]

17. Ahmed, S.; Othman, N.H. Honey as a potential natural anti-cancer agent: A review of its mechanisms. Evid.-Based Complement.
Altern. Med. 2013, 2013, 829070. [CrossRef] [PubMed]

18. Subramanian, A.P.; John, A.A.; Vellayappan, M.V.; Balaji, A.; Jaganathan, S.K.; Mandal, M.; Supriyanto, E. Honey and its
phytochemicals: Plausible agents in combating colon cancer through its diversified actions. J. Food Biochem. 2016, 40, 613–629.
[CrossRef]

19. Pasupuleti, V.; Sammugam, L.; Ramesh, N.; Gan, S.H. Honey, Propolis, and royal jelly: A comprehensive review of their biological
actions and health benefits. Oxid. Med. Cell Longev. 2017, 2017, 21. [CrossRef]

20. Abeshu, M.A.; Geleta, B. Medicinal uses of honey. Biol. Med. 2016, 8, 1–7.
21. Alvarez-Suarez, J.M.; Giampieri, F.; Battino, M. Honey as a source of dietary antioxidants: Structures, bioavailability, and evidence

of protective effects against human chronic diseases. Curr. Med. Chem. 2013, 20, 621–638. [CrossRef]
22. Alhumaydhi, F.A. Biochemical studies on the protective effect of honey against doxorubicin-induced toxicity in BALB/C mice.

Int. J. Health Sci. 2020, 14, 31.
23. Ibrahim, R.S.; El-Banna, A.A. Royal jelly fatty acids bioprofiling using TLC-MS and digital image analysis coupled with

chemometrics and non-parametric regression for discovering efficient biomarkers against melanoma. RSC Adv. 2021, 11, 18717.
[CrossRef] [PubMed]

24. Pan, Y. Royal Jelly Reduces Cholesterol Levels, Ameliorates Abeta Pathology and Enhances Neuronal Metabolic Activities in a
Rabbit Model of Alzheimer’s Disease. Front. Aging Neurosci. 2018, 10, 50. [CrossRef] [PubMed]

25. Kunugi, H.; Ali, M.A. Royal Jelly and Its Components Promote Healthy Aging and Longevity: From Animal Models to Humans.
J. Mol. Sci. 2019, 20, 4662. [CrossRef] [PubMed]

26. Bhadauria, M. Propolis prevents hepatorenal injury induced by chronic exposure to carbon tetrachloride. Evid.-Based Complement.
Altern. Med. 2012, 2012, 235358. [CrossRef] [PubMed]

http://doi.org/10.1155/2016/9507563
http://www.ncbi.nlm.nih.gov/pubmed/26904117
http://doi.org/10.33988/auvfd.822776
http://doi.org/10.1006/phrs.2000.0769
http://www.ncbi.nlm.nih.gov/pubmed/11401411
http://doi.org/10.3390/pathogens9020098
http://doi.org/10.1016/j.arcmed.2019.12.004
http://doi.org/10.1016/j.lfs.2020.117725
http://doi.org/10.1016/j.sjbs.2020.07.011
http://doi.org/10.1080/2314808X.2019.1586359
http://doi.org/10.1155/2012/645460
http://doi.org/10.3390/antiox9050396
http://www.ncbi.nlm.nih.gov/pubmed/32397156
http://doi.org/10.26873/SVR-645-2018.66
http://doi.org/10.1111/j.1440-1681.2010.05395.x
http://www.ncbi.nlm.nih.gov/pubmed/20456427
http://doi.org/10.3923/jbs.2008.1338.1342
http://doi.org/10.1155/2013/829070
http://www.ncbi.nlm.nih.gov/pubmed/24363771
http://doi.org/10.1111/jfbc.12239
http://doi.org/10.1155/2017/1259510
http://doi.org/10.2174/092986713804999358
http://doi.org/10.1039/D1RA00580D
http://www.ncbi.nlm.nih.gov/pubmed/35478617
http://doi.org/10.3389/fnagi.2018.00050
http://www.ncbi.nlm.nih.gov/pubmed/29556189
http://doi.org/10.3390/ijms20194662
http://www.ncbi.nlm.nih.gov/pubmed/31547049
http://doi.org/10.1155/2012/235358
http://www.ncbi.nlm.nih.gov/pubmed/21837248


Antioxidants 2022, 11, 1029 14 of 15

27. Mohamed, E.K.; Osman, A.A.; Moghazy, A.M.; Rahman, A.; AS, A. Propolis Protective Effects Against Doxorubicin-Induced
Multi-Organ Toxicity via Suppression of Oxidative Stress, Inflammation, Apoptosis, and Histopathological Alterations in Female
Albino Rats. Biointerface Res. Appl. Chem. 2021, 12, 1762–1777.

28. Zhao, X.; Zhang, J.; Tong, N.; Chen, Y.; Luo, Y. Protective effects of berberine on doxorubicin-induced hepatotoxicity in mice. Biol.
Pharm. Bull. 2012, 35, 796–800. [CrossRef]

29. Fawcett, J.K.; Scott, J.E. A rapid and precise method for the determination of urea. J. Clin. Pathol. 1960, 13, 156–159. [CrossRef]
30. Schirmeister, J.; Willmann, H.; Kiefer, H. Plasma Creatinine as Rough Indicator of Renal Function. Dtsch. Med. Wochenschr. 1964,

89, 1940.
31. Satoh, K. Serum lipid peroxide in cerebrovascular disorders determined by a new colorimetric method. Clin. Chim. Acta 1978,

90, 37.
32. Ohkawa, H.; Ohishi, W.; Yagi, K. Anal Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. Anal. Biochem.

1979, 95, 351. [CrossRef]
33. Nishikimi, M.; Roa, N.A.; Yogi, K. The occurrence of superoxide anion in the reaction of reduced phenazine methosulfate and

molecular oxygen. Biochem. Biophys. Res. Commun. 1972, 46, 849–854. [CrossRef]
34. Paglia, D.E.; Valentine, W.N. Studies on the quantitative and qualitative characterization of erythrocyte glutathione peroxidase. J.

Lab. Clin. Med. 1967, 70, 158–169. [PubMed]
35. Taylor, P.C. Anti-TNF therapy for rheumatoid arthritis and other inflammatory diseases. Mol. Biotechnol. 2001, 19, 153–168.

[CrossRef]
36. Bancroft, J.; Gamble, M. Theory and Practice of Histological Techniques; Churchill Livingstone Elsevier: London, UK, 2002.
37. Wang, L.; Liu, X.; Chen, H.; Chen, Z.; Weng, X.; Qiu, T.; Liu, L. Effect of picroside II on apoptosis induced by renal is-

chemia/reperfusion injury in rats. Exp. Ther. Med. 2015, 9, 817–822. [CrossRef]
38. Ebiya, R.A.; Montaser, M.M.; Darwish, S.M. Downregulated StAR gene and male reproductive dysfunction caused by nifedipine

and ethosuximide. J. Basic Appl. Zool. 2016, 76, 42–51. [CrossRef]
39. Montaser, M.; Mahmoud, S.; Mahdi, E.; El-Hallous, E.; Ebiya, R.A. Molecular and histopathological assessment of Arabic Coffee

effect on fertility in Male Albino Rats. Res. J. Pharm. Biol. Chem. Sci. 2017, 8, 666–677.
40. Ruggiero, A.; Ferrara, P.; Attinà, G.; Rizzo, D.; Riccardi, R. Renal toxicity and chemotherapy in children with cancer. Brit. J. Clin.

Pharmacol. 2017, 83, 2605–2614. [CrossRef]
41. Abdelmeguid, N.E.; Chmaisse, H.N.; Zeinab, N.A. Protective effect of silymarin on cisplatin-induced nephrotoxicity in rats. Pak.

J. Nutr. 2010, 9, 624–636. [CrossRef]
42. Khan, N.; Sultana, S. Abrogation of potassium bromate induced renal oxidative stress and subsequent cell proliferation response

by soy isoflavones in Wistar rats. Toxicology 2004, 201, 173–184. [CrossRef]
43. Razaa, Z.; Naureen, Z. Melatonin ameliorates the drug induced nephrotoxicity: Molecular insights. Nefrologia 2020, 40, 12–25.

[CrossRef] [PubMed]
44. Hamad, R.; Jayakumar, C.; Ranganathan, P.; Mohamed, R.; El-Hamamy, M.M.; Dessouki, A.A.; Ibrahim, A.; Ramesh, G. Honey

feeding protects kidney against cisplatin nephrotoxicity through suppression of inflammation. Clin. Exp. Pharm. Physiol. 2015,
42, 843–848. [CrossRef] [PubMed]

45. Oktem, G.; Ayla, S.; Seckin, I.; Tanriverdi, G.; Cengiz, M.; Eser, M. Doxorubicin induced nephrotoxicity: Protective effect of
nicotinamide. Int. J. Cell Biol. 2011, 2011, 390238.

46. Bhalchandra, W.; Alqadhi, Y.A. Administration of Honey and Royal Jelly Ameliorate Cisplatin-Induced Changes in Liver and
Kidney Function in Rat. Biomed. Pharmacol. J. 2018, 11, 2191–2199.

47. Al-Yahya, M.; Mothana, R.; Al-Said, M.; Al-Dosari, M.; Al-Musayeib, N.; Al-Sohaibani, M.; Parvez, M.K.; Rafatullah, S. Attenuation
of CCl4-Induced Oxidative Stress and Hepatonephrotoxicity by Saudi Sidr Honeyin Rats. Evid.-Based Complement. Altern. Med.
2013, 10, 569037.
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