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Abstract: This study was performed to evaluate the reno-protective and antioxidant effects of aqueous
Citrus sinensis (orange) peel extract in male Wistar rats administrated adenine. Adenine was
administrated to male Wistar rats at a dose of 0.75 percent w/w in feed daily for four weeks. Rats
previously fed adenine were treated with orange peel extract at a dose of 40 mg/kg BW/day by oral
gavage during the same period of adenine administration. The results indicate that rats fed adenine-
with aqueous orange peel extract significantly decreased urea, creatinine, and uric acid concentrations
in the blood. The elevated kidney lipid peroxidation product, the lowered glutathione concentration,
and the suppressed antioxidant enzyme activities were significantly improved. At the same time, the
expressions of heme-oxygenasel (HO-1), wnt7a, and [-catenin genes were actively regulated.
Histological changes in the kidney were represented by congestion, hypertrophied glomerulus,
vacuolization of the endothelial cells lining the glomerular tuft, and interstitial nephritis in adenine-
administrated rats also remarkably improved. In conclusion, administering orange peel aqueous extract
with adenine reduces the signs of adenine toxicity on renal function by enhancing the antioxidant
defense system.

Keywords: chronic kidney disease (CKD); adenine; Citrus sinensis (orange) peel; oxidative stress;
HO-1; Wnt7a.
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1. Introduction

A deficiency in the function and structure of the kidneys is referred to as renal disease.
High rates of kidney disease represent a considerable burden on healthcare systems, and they
may advance to end-stage renal disease (ESRD), in which case transplantation or dialysis will
be the only treatment choice, both of which are too expensive or unavailable in developing
countries [1].
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Many problems associated with renal disease are linked to oxidative stress [2].
Oxidative stress boosts endogenous antioxidants and cell-protective proteins, which limit or
prevent tissue damage and dysfunction under normal circumstances. In various human and
animal models of kidney disease, the heme oxygenase-1 (HO-1) system plays an important role
in controlling oxidative stress and is protective [3]. Additionally, the Wnt/B-catenin pathway
has important functions in nephrogenesis [4]. Also, Lin et al. [5] demonstrated that Wnt and j-
catenin genes could be pivotal in promoting tubular repair and regeneration after kidney injury
induced by either ischemia-reperfusion injury or nephrotoxins. Wnt signals were expressed at
low levels in adult kidneys under normal conditions; therefore, they are reactivated in kidney
disorders [6].

Traditional therapies only focus on the early repression of the principal source of kidney
injury to maintain or postpone chronic renal failure [7]. The developments of several new renal
protective treatments, with a particular focus on natural products with antioxidant activity and
safety profiles, are urgently needed to either delay or reverse the decline in kidney function [8].
According to Newman and Cragg [9], herbs are used in 46% of the FDA. Several investigators
reported that flavonoids are naturally occurring substances with various therapeutic and
pharmacological activities [10-12]. Orange peel extracts are rich in flavonoids such as
polymethoxylated flavones (PMF), C- or O-glycosylated flavones, O-glycosylated flavanones,
flavonols, and a variety of other phenolic acids and derivatives, and exhibit potent free radical
scavenging efficacy [13]. In this regard, several studies have demonstrated that orange fruit
peel has various pharmacological benefits, including antioxidant, anti-inflammatory, and anti-
diabetic [14]. As a result, the current study was planned to evaluate the effect of orange peel
agueous extract on the biochemical, molecular, and histopathological changes related to
chronic kidney disease induced by adenine in a rat model.

2. Materials and Methods

2.1. Chemicals and plant materials.

Adenine was purchased from Alfa-Aeser Co. Citrus sinensis (orange) fruit was
obtained from a local market in Mansoura City, Egypt. All other chemicals and reagents used
in this investigation were of high analytical grade.

2.2. Experimental animals.

Twenty-four Wistar rats weighing 100-120 g were obtained from Theodore Bilharz
Research Institute, Giza, Egypt. They were kept for 7 days for acclimatization having free
admission to a feed composed of standard feeding. The experimental protocol was approved
by University Animal Ethical Committee (code no. ph-ch-2020-9).

2.3. Preparation of the aqueous Citrus sinensis peel extract.

The aqueous extract was prepared according to the method of [16]. 350 g of fresh
orange peel was extracted with 1.5 L of distilled water at 100 °C for 15 min, and the mixture
was filtrated. 1.9 L of water was added to the filter and boiled for a further 20 min. The soluble
aqueous extract was filtered and concentrated to dryness. The percentage yield was 2.77 g.
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2.4. Free radical-scavenging activity on DPPH.

Free radical scavenging capacity of aqueous extract of orange peel extract was
determined using 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging activity as
described by Jo et al., [17]. Briefly, various concentrations of orange peel aqueous extract (1.0,
2.5, 5.0 pg/mL) were mixed with 1 mL of 0.3 mM methanol solution of DPPH and incubated
at 27°C for 30 min. The absorption, A, of the sample was measured at 518 nm. DPPH radical-
scavenging activity, expressed as a percentage, was assessed utilizing the following equation:

DPPH radical scavenging activity (%) =
= [l' (ABS sample—ABS sblank)/ (ABS control~= ABS cblank)] x 100

In the same concentration as the aqueous test extract, ascorbic acid was used as the
standard material. All analyses were carried out in triplicate.

2.5. LDsg of aqueous extract of orange peel.

The animals were divided into 7 groups of four animals. Group 1: orange peel aqueous
extract (100 mg/kg) once /oral, group 2: orange peel aqueous extract (200 mg/kg) once/ oral,
group 3: orange peel aqueous extract (300 mg/kg) / oral, group 4: orange peel aqueous extract
(400 mg/kg) once/ oral, group 5: orange peel aqueous extract (500 mg/kg) once/oral, group 6:
orange peel aqueous extract (600 mg/kg) once/ oral and Group 7: orange peel extract (700
mg/kg) once/oral. All of the animals were kept under constant observation for 24 hours after
the dose was administered, looking for any changes in behavior or physical activities and the
mortality rate in each. The animals were counted at the end of the experiment. The Karber
arithmetic method was used to calculate the LDso [18].

2.6. Experimental design.

Following a seven-day acclimation period, rats were randomly divided into four groups,
six of each. Group 1 (Normal control group) was fed on a standard diet without any
supplementation. Group 2 (aqueous orange peel extract): rats were given aqueous orange peel
extract orally by gavage for four weeks at a 40 mg/kg/day dose. Group 3 (adenine group): rats
were fed a diet containing adenine at a dose of 0.75% w/w/day for four weeks. Group 4
(adenine treated group): rats were given adenine at a dose in the third group and orange peel
agueous extract at a dose in the second group for 28 days. After 24 hours of the last dose, the
rats were fasted overnight, anesthetized with halothane, and sacrificed. Blood samples were
collected, and sera were separated by centrifugation for 10 minutes at 3000 g and kept at -20°C.
The kidney was immediately dissected, washed with ice-cold saline solution, blotted dry, and
stored at -20 °C for the assay of biochemical parameters and histopathological examination.

2.7.Biochemical parameters.

Creatinine, Urea, Uric acid, Albumin, Alanine aminotransferase (ALT), Aspartate
aminotransferase (AST), Superoxide dismutase (SOD) activity, Glutathione —S- transferase
(GST) activity, Total antioxidant capacity, and Malondialdehyde (MDA) concentration were
determined in serum and kidney using Biodiagnostic assay kits, Egypt.

2.8.Real-time Polymerase Chain Reaction.
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RNAs were extracted from kidney samples using GeneJET RNA Purification Kit
(Thermo Scientific). For RT-PCR, The HiSenScript ™ RH (-) cDNA synthesis Kit was used
to convert RNAs to cDNA. qRT-PCR products were detected with SYBR Green (SensiFAST
SYBR Hi-ROX Kit) with 20 ul reactions. GAPDH gene was included as an internal control.
gPCR results were analyzed by the method of 2724¢r [19]. PCR primers of HO-1, Wnt7a, and
B-catenin genes were listed in Table (1).

Table 1. The primer arrangements for the target genes.

Gene Primer sequence
Wnt7a F:5-GCCCACCTTTCTGAAGATCAAG-3
R:5-TGGGTCCTCTTCACAGTAATTGG-3
B-catenin F:5-TGAAGGTGCTGTCTGTCTGCTC-3
R:5-TGCATCGGACCAGTTTCTCAGA-3
HO-1 F: 5’TGCTTGTTTCGCTCTATCTCC-3
R: 5'CTTTCAGAAGGGTCAGGTGTC-3'
GAPDH F: 5'-TATCGGACGCCTGGTTAC-3,
R: 5-CTGTGCCGTTGAACTTGC-3’

2.9. Histopathological examination.

Kidney and liver tissues were fixed, embedded in paraffin wax, then 5- um thick
sections were prepared and stained with Hematoxylin and Eosin (H & E) stains for microscopic
examination.

2.10. Statistical analysis.

All data were presented as mean S.E.M., and the statistical analysis was performed
using SPSS version 14 (SPSS, Chicago, IL, USA). The statistical significance of the parameters
in groups with and without a significant value was investigated using the one-way analysis of
alteration (ANOVA) test. p-value < 0.05.

3. Results

The in vitro antioxidant potential of orange peel aqueous extract was determined with
a DPPH assay (Table 2). DPPH radical increased significantly in a dose-dependent manner.
The antioxidant abilities were established to be the highest inhibition value at nearly 65.2% for
methanolic extract at a concentration of 5 mg/ml.

Table 2. DPPH radical scavenging activity of orange peel aqueous extract.

Sample concentration (mg/kg BW)

DPPH antioxidant activity (%)

1.0 0

2.5 3.04 £ 0.02

5.0 7.79 £ 0.004

10.0 12.46 + 0.006
vitamin C 82.14+1.85

All data were represented as the mean + SEM.

To assess the efficacy of aqueous extract of orange peel treatment in the KD induced
by adenine, the lethal dose that kills 50% of mice (LDso) was calculated. The data shows that
the LDso of oral supplementation of orange peel aqueous extract was 400 mg/kg body weight.

The serum creatinine, urea, and uric acid concentrations in control and treated rat
groups are shown in Figure 1. In the adenine rat groups, serum creatinine, urea, and uric acid
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concentrations were significantly (p<0.05) than in the control group. There was a significant
decrease in serum creatinine, urea, and uric acid concentrations when comparing the adenine-
treated rat groups to the adenine rat group. In addition, as compared to the control group,
administration of an aqueous extract of orange peel did not result in a significant change
(p>0.05) in serum creatinine, urea, and uric acid concentrations.
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Figure 1. Concentrations of (A) serum urea, (B) creatinine, and (C) uric acid in control and treated rat groups.
Each chart showed mean + SEM (n=6). The differences among all groups have been assessed by one-way
ANOVA with (p < 0.05) considered significant, (*) significant when compared to the control group, (#)
significantly when compared to the adenine treated group.
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Figure (2). (A) Superoxide dismutase (SOD), (B) Glutathione —S —transferase (GST), (C) Total antioxidant
capacity, and (D) Lipid peroxidation product (MDA) in the kidney of different groups of rats. Each chart
showed mean = SEM (n=6). The differences among all groups have been assessed by one-way ANOVA with (P
< 0.05) considered significant, (*) significant when compared to the control group, (#) significant when
compared to adenine treated group.
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As shown in Figure 2, in comparison to the control group, the adenine group showed a
significant increase (p<0.05) in MDA concentration in kidneys, which was correlated with a
significant (p<0.05) decrease in SOD, GST, and total antioxidant capacity. In comparison to
the adenine group, administration of orange peel aqueous extract resulted in a significant (P >
0.05) decrease in MDA concentration in the kidneys, as well as an increase in SOD and GST
activity and a significant (p<0.05) increase in total antioxidant concentration. There was no
significant (p>0.05) difference in MDA concentration, total antioxidant capacity, SOD, and
GST activity between the orange peel group rats and the control rats.

Adenine decreased HO-1 renal mRNA expression significantly (p<0.05) in the adenine
group compared to the normal control group. At the same time, there was a significant (p<0.05)
increase in their expression related to the adenine group after administration of orange peel
aqueous extract (Figure 3).
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Figure (3): HO-1 gene in kidneys of different groups of rats. Each chart showed mean £ SEM (n=6). The
differences among all groups have been assessed by one-way ANOVA with (P < 0.05) considered significant,
(*) significant when compared to the control group, (#) significantly when compared to the adenine treated

group.
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Figure 4. (A): B-catenin, and (B) Wnt7a genes in kidneys of different groups of rats. Each chart showed mean +
SEM (n=6). The differences among all groups have been assessed by one-way ANOVA with (P < 0.05) is
considered significant, (*) significant when compared to the control group, (#) significant when compared to
adenine treated group

https://biointerfaceresearch.com/ 6 of 11


https://doi.org/10.33263/BRIAC134.349
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.349

The administration of rats with adenine resulted in a highly significant increase in the
expression of Wnt7a and B-catenin genes in the kidneys of rats from the adenine group
compared to the control group (P< 0.001). In comparison, treatment with orange peel aqueous
extract showed a significant (p<0.05) decrease in the expression of kidney Wnt7a and -catenin
genes in the adenine-treated group (Figure 4 A-B).

Histological examinations of the control, aqueous extract of orange peel, adenine group,
and adenine-treated groups kidney and liver (A, B, C, and D, respectively) revealed normal
hepatocytes with dominant situated nuclei, normal sinusoids, portal areas, and hepatic cords
radially stetted around the central vein in the control group receiving (40 mg/kg/ day) dose of
orange peel aqueous extract. The liver sections of the adenine group exhibited degeneration in
hepatocytes, multifocal areas of necrosis, fibrosis, and congested blood vessels. The liver
sections of the adenine group that were treated with orange peel aqueous extract (40 mg/kg)
showed slight enhancement in a histological graph, with only minor hydropic deterioration in
hepatocytes (Figure 5A). The kidney sections of group 1 showed normal architecture of
glomeruli and tubules. However, adenine administration to rats resulted in severe lesions,
including glomerular atrophy, glomerular capsule expansion, interstitial congestion, clear
necrosis in epithelial cells within renal tubules, and pyknotic nuclei. Alternatively, except for
a slight widening in the renal space of the glomerular capsules, marked recovery of most of the
renal architecture and even histology is observed in the adenine-treated with orange peel
aqueous extract group (Figure 5 B).

Liver (A)

kidney (B)

Figure 5. Photomicrograph of (A) liver sections and (B) kidney sections of studied groups stained with H&E
showing: normal radiating hepatic cords around normal central veins (CV) with normal sinusoids (black
arrowheads) in the control group 1 (A) and the group received orange peel aqueous extract 2 (B), Adenine group
3 (D) showing diffuse macrovesicular steatosis (yellow arrows) and hydropic degeneration (black arrows) in
hepatocytes, occluded sinusoids and markedly congested central veins (CV) (red arrows), severe portal fibrosis
(green arrow and adenine group treated with orange peel aqueous extract 4 (E) showing moderate intermingled
micro-vesicular steatosis (blue arrows) with few macrovesicular fat vacuoles (yellow arrows) in hepatocytes and
occluded sinusoids. Markedly congested central veins (CV) (red arrows), mild portal fibrosis (blue arrows).
Kidney sections (B) show normal glomeruli (G), tubules (T), and interstitial tissue in the control group 1 (A), and
the group received orange peel aqueous extract 2 (B); Kidney sections from the adenine group 3 (D) group showed
marked tubular hydropic degeneration (black arrows) and perivascular inflammation (violet arrow), Kidney
sections from the adenine- treated group 4 (E) showing mild tubular degeneration and congested blood vessels
(black arrows). Low magnification X: 100 bar 100 and high magnification X:400 bar 50.
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4. Discussion

The kidneys are essential in removing toxins, metabolic products, and other foreign
substances from the body [19]. Renal fibrosis is closely related to the synthesis of mediators
and signaling pathways, such as dysregulated uremic toxins, oxidative stress, and Wnt/p-
catenin [4,21,22]. This study investigated the effect of aqueous orange peel extract on adenine-
induced chronic kidney disease. The current results demonstrated that orange peel aqueous
extract has antioxidant activity consistent with the findings of Rao et al. [23]. The present study
showed that rats receiving adenine had higher creatinine, urea, and uric acid levels. These
results were in accordance with Diwan et al. [24] and may be attributed to adenine metabolites
accumulating in renal tubules, resulting in interstitial inflammation, tubular injury, and fibrosis-
inducing CKD [25]. These renal histological abnormalities produced changes in the glomerular
and renal tubules, leading to reduced renal function that may increase these findings [26]. The
administration of aqueous orange peel extract to the adenine group resulted in significantly
lower blood concentrations of creatinine, urea, and uric acid, indicating an improved renal
excretion of these compounds. These results were obtained by Ahmed et al. [27] and may be
attributed to orange peel extract, which inhibits hepatic xanthine oxidase and xanthine
dehydrogenase activity and lowers serum uric acid levels, and/or antioxidative and
antihyperuricemic properties of flavanone constituent in the extract [28].

Adenine induced oxidative stress and depleted kidney antioxidant levels [29]. The
obtained results showed that lipid peroxidation was significantly raised in the kidney of rats
treated with adenine, which was linked to an increase in MDA levels as well as a decrease in
tissue SOD, GST, and total antioxidant in rats that had only been administered adenine as
compared to healthy control rats. These results are consistent with Nemmar et al. [30].
Meanwhile, the administration of aqueous orange peel extract resulted in a significant increase
in antioxidant markers, as evidenced by a decrease in MDA and an increase in antioxidant
agents in kidney tissue compared to the adenine-treated group [31].

Under normal circumstances, oxidative stress generates endogenic antioxidants and
cytoprotective proteins, which limit or prevent tissue damage and malfunction. Because of the
toxic effects of heme deficiency on renal tissues and its pro-inflammatory activity, as well as
the inflammation caused by renal failure pathology, HO-1 has physiological roles in
cytoprotection, inflammatory response modulation, and antioxidative functions [32]. The
enzyme HO-1 is involved in heme breakdown, producing carbon monoxide (CO), ferrous iron
(Fe++), and biliverdin (BV), which is promptly converted to bilirubin (BR) by biliverdin
reductase [33]. Our findings revealed that adenine-treated rats significantly decreased HO-1
expression, indicating oxidative stress caused by adenine. The phenolics-related bioactive
compounds in orange peel aqueous extract (40 mg/kg/day) boosted the expression of the HO-
1 gene in the rats' kidneys, resulting in the maintenance of the normal redox status of cells,
according to [34,35].

Wnt 7a and B-catenin signaling have been linked to the development of kidney disease
[21]. The current data show that renal adenine rats had higher Wnt7a expression, similar to Qin
et al.'s findings [36]. Inhibition of canonical Wnt 7a and B-catenin signaling by orange peel
extract lowers kidney disease progression, consistent with increased blood uremic toxins,
oxidative stress, and pathological alterations in the kidney. The existence of pentacyclic
triterpenoids as antagonists could explain these findings [37].

https://biointerfaceresearch.com/ 8of 11


https://doi.org/10.33263/BRIAC134.349
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.349

Histological examinations of kidney sections showed that rats in the control group
showed normal histoarchitecture, glomerulus, proximal convoluted tubules, distal convoluted
tubules, and Bowman's space. In contrast, rats treated with adenine alone had several
histopathological changes, including deterioration in hepatocytes, multifocal areas of necrosis,
fibrosis, congested blood vessels, and enlargement of adenine deposit. The treatment of adenine
rats with orange peel aqueous extract (40 mg/kg body weight) alleviated these alterations. Our
results are consistent with those of Nasution et al. [38]. Finally, adenine-induced renal
dysfunction revealed that adenine crystals accumulation in the kidney might cause renal cell
inflammation, renal tubular regeneration, and renal failure. The reno-protective effects of
orange peel aqueous extract may be due to phytoconstituents such as polyphenolic compounds,
particularly the characteristic flavanone glycosides hesperidin, neohesperidin, naringin, rutin,
and narirutin [14,15].

5. Conclusion

The Citrus sinensis (orange) peel aqueous extract has brought potential renal protective
effects against adenine-induced chronic kidney disease in Wistar rats which were proved by
improvement of the kidney and liver functions and histological integrity. Extracts' antioxidant
and anti-inflammatory mechanisms were attributed to suppressing renal oxidative damage and
inflammatory gene expressions, thereby reducing renal myopathy and detrimental structural
alterations. Of note, the reno-protective role of the orange peel aqueous extract is not only due
to their antioxidant activity but also their up-regulation effect on HO-1, wnt 7a, and -catenin
signaling, an important regulator of the antioxidant response. Accordingly, the orange peel
aqueous extract can be recommended as an adjunct to prevent the progression of chronic kidney
diseases.
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