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Abstract

Bacterial infections pose a significant health risk, particularly in developing countries where antibiotics like
penicillin and streptomycin are commonly used. However, these antibiotics can lead to nephrotoxicity by
generating reactive oxygen species (ROS), which cause oxidative stress and damage to the kidneys. This
study aimed to evaluate the protective and therapeutic effects of Ziziphus spina-christi (Sidr) honey, along
with vitamins A, C, and E, both individually and in combination, against kidney damage induced by
penicillin and streptomycin in guinea pigs. A total of 200 guinea pigs were divided into 20 groups, each
containing 10 animals. Groups 1-13 received concurrent treatments with antibiotics and antioxidants over
a period of 30 days, while groups 14-20 were treated with antioxidants following 20 days of antibiotic
administration. We assessed renal function markers, including urea, uric acid, and creatinine levels, and
conducted histological analyses of kidney tissues. The results indicated that both Sidr honey and the
vitamins significantly reduced levels of urea, uric acid, and creatinine compared to the groups treated solely
with antibiotics, demonstrating improved renal function. Histological analysis also showed decreased
kidney damage, with the combination of vitamin treatments offering the most substantial protection. The
study concluded that Sidr honey and vitamins A, C, and E effectively reduce antibiotic-induced
nephrotoxicity, emphasizing their potential as therapeutic agents for preserving kidney health. Further
research is recommended to explore their clinical applications.
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Bacterial infections pose a major public health challenge, particularly in developing countries, such

as Yemen, where antibacterial therapy remains essential [1]. Antibiotics such as penicillin and

streptomycin are widely prescribed to combat these infections [2]. However, along with their

therapeutic benefits, antibiotics are among the leading causes of drug-induced side effects, including

renal toxicity [3]

Penicillin and streptomycin are known to induce nephrotoxicity, primarily by generating excessive

reactive oxygen species (ROS). Oxidative stress disrupts cellular antioxidant defenses and enhances

lipid peroxidation, leading to kidney cell damage [4,5]. Given the crucial role of kidneys in filtering

toxins, this damage can significantly impair renal function [6].

Antioxidants offer a promising solution by neutralizing free radicals and protecting cellular structures

from oxidative damage [7]. Naturally occurring antioxidants, especially vitamins A, C, and E, are

powerful free-radical scavengers that protect proteins, DNA, and cell membranes from oxidative

injury [8, 9]. Honey, rich in polyphenols such as flavonoids and tannins, has shown potent antioxidant

and free radical-scavenging activities [10, 11,12].

Although the protective and curative effects of antioxidants have been studied, there is limited

research on the specific effects of Sidr honey and combined vitamins A, C, and E on kidney damage

induced by penicillin and streptomycin. This study aimed to evaluate the nephroprotective and

nephrocurative potential of Sidr honey and vitamins A, C, and E (individually and in combination)

in mitigating the adverse renal effects caused by penicillin and streptomycin. This study aimed to

provide insights into antioxidant-based strategies for protecting and restoring kidney function in

antibiotic-induced nephrotoxicity.

2. Materials and Methods

2.1 Animals

Adult male guinea pigs (5-6 months old, 800-900 g) were obtained from Sana'a Zoo, Yemen, Brazil.

The animals were housed in the animal facility of the Biology Department at Sana‘a University under

standard conditions at room temperature and acclimatized for an additional 30 days. They were

provided with a standard laboratory diet and water ad libitum, following the Guide for the Care and

Use of Laboratory Animals®,

2.2 Chemicals (Antibiotics and Vitamins)

Penicillin and Streptomycin were obtained from Ave Group (USA-Colombia-Mexico). Vitamin C

was sourced from Carlo Erbo, Italy; Vitamin E from Merck, Germany; and Vitamin A from Look for

Chemical, China. Natural Ziziphus spina-Christi honey was purchased from a beekeeper in Mabian,

Hajja, and Yemen.

2.3 Diagnostic Kits and Reagents

Diagnostic kits for urea, uric acid, and creatinine were sourced from Spinreact, S.A., and Ctra. Santa

Coloma, 7 E-17176 Sant Esteve de Bas, Spain. All other chemicals and reagents were of the highest

commercially available purity.

2.4 Experimental Design and Schedule

The experiment consisted of two parts:

Part 1: This section evaluated the efficacy of antioxidants (Sidr honey and vitamins A, C, and E,

administered separately and in combination) as co-treatments to counteract the adverse effects of

penicillin and streptomycin. A total of 130 guinea pigs were randomly divided into 13 groups (10

animals per group) and treated as follows:

e Group 1: Control group; intraperitoneally injected with normal saline and orally administered
0.5 ml corn oil daily for 30 days.

e Group 2: Penicillin-only group, injected with 50000 1U/kg body weight (b.w.) penicillin daily
for 30 days.

e Groups 3-7 (Penicillin + Antioxidants): Treated with 50000 IU/kg b.w. Penicillin, co-
administered with either 600 mg/kg b.w. Sidr honey (G3), 10000 1U/kg b.w. vitamin A (G4), 100
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mg/kg b.w. vitamin C (G5), 100 mg/kg b.w. Vitamin E (G6), or a combination of vitamins A, C,
and E (G7) for 30 days.

o Group 8: Streptomycin-only group, injected with 50 mg/kg b.w. Streptomycin daily for 30 days.

e Groups 9-13 (Streptomycin + Antioxidants): treated with 50 mg/kg b.w. Streptomycin, co-
administered with either 600 mg/kg b.w. Sidr honey (G9), 10000 1U/kg b.w. vitamin A (G10),
100 mg/kg b.w. vitamin C (G11), 100 mg/kg b.w. Vitamin E (G12), or a combination of vitamins
A, C, and E (G13) for 30 days.

Part 2: This part evaluated antioxidants as post-treatments after penicillin or streptomycin

withdrawal. Seventy guinea pigs were randomly divided into seven groups (10 animals per group)

and treated as follows.

o Group 14: The control group, was injected with normal saline for 20 days, followed by 0.5 ml
corn oil daily for an additional 20 days.

e Group 15: Penicillin-only group; injected with 50000 1U/kg b.w. Penicillin for 20 days, followed
by 0.5 ml corn oil daily for an additional 20 days.

e Groups 16-17 (Penicillin + Post-Treatment): Treated with 50000 1U/kg b.w. Penicillin for 20
days, then administered either 600 mg/kg b.w. Sidr honey (G16) or a combination of vitamins A,
C, and E (G17) daily for the next 20 days.

o Group 18: Streptomycin-only group; injected with 50 mg/kg b.w. Streptomycin for 20 days,
followed by 0.5 ml corn oil daily for an additional 20 days.

e Groups 19-20 (Streptomycin + Post-Treatment): treated with 50 mg/kg b.w. Streptomycin for
20 days, then administered either 600 mg/kg b.w. Sidr honey (G19) or a combination of vitamins
A, C, and E (G20) daily for the next 20 days.

2.5 Collection of Blood and Tissue Samples

Twenty-four hours after the final treatment, animals from each group underwent autopsy. Blood

samples were taken directly from the heart into sterile tubes, then centrifuged at 3500 rpm for 20

minutes to separate the serum for biochemical analysis. Kidneys were extracted from each guinea

pig, with small sections of kidney tissue fixed in 10% neutral formalin for 24 hours, followed by

storage in alcohol for histological preparation.

2.6 Estimation of Renal Function

2.7 Serum levels of urea, uric acid, and creatinine were assessed using commercial Spinreact kits and
analyzed through spectrophotometry.

2.8 Histological Studies of Kidney

Kidney tissue samples were dehydrated in graded alcohol solutions (80%, 90%, and 100%), cleared

in xylene, and embedded in paraffin wax at 58°C. The paraffin blocks were sectioned at 4-5 pum

thickness using a rotary microtome (Leica, Germany) and stained with hematoxylin and eosin* for

histopathological evaluation under a light microscope.

2.9 Statistical Analysis

Data were analyzed with SPSS version 16.0, using one-way Analysis of Variance (ANOVA) followed

by Fisher’s Protected Least Significant Difference (PLSD) test for post-hoc group comparisons.

Results are presented as mean x+ SD, with significance considered at p < 0.05.

3. Results:

The data in Table 1 indicate that some groups showed non-significant increases in kidney function
markers, whereas others demonstrated slight reductions compared to the control group. Specifically,
the groups treated with S. honey (G3), vitamin A (G4), vitamin C (G5), and vitamin E (G6), along
with penicillin, showed non-significant increases in urea, uric acid, and creatinine levels. In contrast,
the group treated with a combination of vitamins A, C, and E (G7) displayed slight non-significant
reductions in these parameters.
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Table 1. The effect of antioxidants as co-treatment to reduce the adverse effects induced by penicillin on kidney
function tests in guinea pigs.

Paramete  Gl: G2: G3: G4: Gs: G6: (\3/|7t
r Control Penicillin ~ S.honey + P Vit A+ P Vit C+P VitE+P AC&E+P
38.76x2.1 47.94:x2067 39.73+3.797 41.15+3.38" 39.20+2.76" 39.36+1.977 38.862.68"
Urea 4 t 4 4 4 4 #
mg/dl
Uric acid i Wi s i Hh it
moidl | 305043 6.92:024'"! 5385027  550£0.30" 5445022  535:0.24% 5194028
i Hith
Cerfs‘;'/g'ln 099:010 1.92+0.30" 1.14s0.11% TI8E0A6T g 161099 1142017 1.0220.08%

Values are presented as means + SD, along with the percentage difference from the control group. Comparisons are
conducted for each group against the following: (1) control group; (*) group treated only with streptomycin.

The data in Table 2 indicate that administration of streptomycin alone (G8) significantly increased
urea, uric acid, and creatinine levels in guinea pigs compared to those in the control group,
demonstrating considerable renal stress. However, the group treated with Sidr honey along with
streptomycin (G9) showed a non-significant increase in these markers. Additionally, the group co-
treated with vitamin A and streptomycin (G10) displayed significant but moderate increases in urea,
uric acid, and creatinine levels.

Table 2. The effect of antioxidants as co-treatment to reduce the adverse effects induced by streptomycin on
kidney function tests in guinea pigs.

G13:
Gl: G&: G9: G10: Gl1: G12: .
Parameter Control streptomycin S.honey + S Vit A+ S VitC+S VitE+ S Vit A’SC&E+
rggfgl 38.76+2.14 54.99+5107 40.14+1.79"" 41.85+2.26™1 41.69+2.79" 40.51+1.92" 38.84+3.22""
Uricacid 55,043 75440301 5504024 571+021™ 563+031"" 5.5140.23™ 5.52+0.25™
ol .05:0. 5420, 5020. 71=0. 63+0. 51=0. 5240.
Cr;a;/'gl'”e 0.99+0.10 2.17+0.1811" 1.16+0.14™ 1.24+0.12"™" 1.23+0.13™7 1.17+0.15"*" 1.13+0.15™"

Values are presented as means + SD, along with the percentage difference from the control group. Comparisons are
conducted for each group against the following: () control group; (*) group treated only with streptomycin.

The data in Table 3 demonstrates that penicillin administration alone (G15) led to a significant
increase in urea, uric acid, and creatinine levels in guinea pigs, indicating kidney stress. In contrast,
the group treated with Sidr honey after penicillin withdrawal (G16) showed an insignificant increase
in these parameters, suggesting a protective role of Sidr honey. Additionally, the group treated with
a combination of vitamins A, C, and E following penicillin withdrawal (G17) exhibited a slight, non-
significant increase in urea, uric acid, and creatinine levels.

Administration of streptomycin alone (G18) significantly increased urea, uric acid, and creatinine
levels, showing a marked impact on kidney function. However, the group that received Sidr honey
after streptomycin withdrawal (G19) experienced only an insignificant increase in these markers,
indicating potential kidney protection. Furthermore, the group treated with vitamins A, C, and E after
streptomycin withdrawal (G20) showed a slight, non-significant increase in urea, uric acid, and
creatinine levels.
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Table 3. The effect of Sidr honey and vitamins A, C, and E in combination in post-treatment to reduce the adverse
effects induced by penicillin and streptomycin on kidney function tests in guinea pigs

Gl6: G17: G19:

G14: G15: Penicil Penicil G18: Strept SGZO:
A ) ) ; trepto
Para Contr Penicil lin lin Strept omyci mvoin
meter ol lin then then omyci n then yein
. then vit
N.hon Vit A, n N.hon
A C,E
ey C E ey
Urea 38.65+ 4517+ 39.66 39.95+ 47 45+ 41.23+ 41.31%3.
Mg/dI 2.93 3.28' 2.3% 2.03* 3.371tt 3.0t 44#t
Ur_'(‘; 5.0620 6.1420 5.51%0 5.5420 6.8820 5.7920 5.77+0.1
acl 39 251t 20 20t 27t DA G
mg/dI
Creati 1.010 1.570 1.190 1.190 1.970 1.24+1 1.27+0.1
”"}gl 15 29ttt 15H# 10### AT7H 10 T
mg

Values are presented as means + SD, along with the percentage difference from the control group. Comparisons are
conducted for each group against the following: (f) control group; (*) group treated only with streptomycin.

Figure 1: The light micrographs of kidney cortex cross-sections in guinea pigs show that the control
group exhibits normal kidney structures. In contrast, penicillin treatment for 30 days led to structural
abnormalities, including glomerular shrinkage and thickened blood vessels. Groups treated with Sidr
honey or vitamins (A, C, and E) alongside penicillin showed a marked improvement, with the cortex
nearly returning to normal.

Fig. 1: (a) Light micrographs of a cross-section in the kidney cortex of control guinea pigs showing normal histological
structures of Malpighian corpuscles with its glomerulus (M) Bowman's capsule (B) proximal tubules (P) and distal tubule
(D); (b1,2,3): penicillin for 30 days showing dilatation of Bawmn's capsule (S), shrinkage glomerulus (G), glomerular
degeneration (D), and thickened blood vessels (T); (c): Penicillin + S.honey; (d): Penicillin + vit A; (e): Penicillin + vit
C; (f): Penicillin + vit E; (g): Penicillin + vit A, C&E showing most of the cortex return to normal structure. (H&E X
400).

Figure 2: In the kidney medulla, control guinea pigs displayed normal collecting tubules, while
penicillin treatment for 30 days caused hyperplasia, compressed blood vessels, and hemorrhage. Co-
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treatments with Sidr honey or individual vitamins (A, C, and E) showed substantial recovery, and the
medulla in the combined vitamins (A, C, E) group returned almost to normal.
- \ ’
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Fig. 2: (a) Light micrographs of a cross-section in the kidney medulla of control guinea pigs showing normal histological
structures of collecting tubules); (b) penicillin for 30 days, showing hyperplasia (H), compressed blood vessels (C) and
hemorrhage (R); (c): Penicillin + S.honey; (d): Penicillin + vit A; (e): Penicillin + vit C; (f): Penicillin + vit E; (g):
Penicillin + vit A, C&E showing most of the medulla return to normal histological structure. (H&E X 400).

Figure 3: The kidney cortex of guinea pigs treated with streptomyecin for 30 days displayed significant
changes, such as glomerular shrinkage and thickened blood vessels, compared to the normal structure
in controls. Co-treatment with Sidr honey or vitamins (A, C, and E) helped restore most of the cortical
structure to normal.

Fig. 3: (a) Light micrographs of a cross-section in the kidney cortex of control guinea pigs showing normal histological
structures of Malpighian corpuscles with its glomerulus (M) Bowman's capsule (B) proximal tubules (P) and distal tubule
(D); (b1,2,3): streptomycin for 30 days showing dilatation of Bawmn's capsul (S), shrinkage glomerulus (G), glomerular
degeneration (D), and thickened blood vessels (T); (c): Streptomycin + S.honey; (d): Streptomycin + vit A; (e):
Streptomycin + vit C; (f): Streptomycin + vit E; (g): Streptomycin + vit A, C&E showing most of the cortex return to
normal structure. (H&E X 400).
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Figure 4: Streptomycin treatment in the medulla led to noticeable damage, including medullary
tubular casts, hyperplasia, and blood vessel compression. Sidr honey and vitamins (A, C, and E)
treatments helped medullary structures return to near-normal, especially in the combined vitamin

group.

LR TN NIANRA e O B

Fig. 4: (a) Light micrographs of a cross-section in the kidney medulla of control guinea pigs showing normal histological
structures of collecting tubules); (b) streptomycin for 30 days, showing medullary tubular casts (M), hyperplasia (H),
compressed blood vessels (C) and hemorrhage (R); (c): Streptomycin + S.honey; (d): Streptomycin + vit A; (e):
Streptomycin + vit C; (f): Streptomycin + vit E; (g): Streptomycin + vit A, C&E showing most of the medulla return to

normal histological structure. (H&E X 400)

Figure 5: After 20 days of penicillin treatment, the kidney cortex exhibited abnormal structural
changes like glomerular degeneration. Following penicillin withdrawal, treatments with Sidr honey
and a combination of vitamins (A, C, and E) aided in restoring the cortex to its normal structure.
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Fig. 5: Light micrographs of a cross-section in the kidney cortex of guinea pigs. (a): control group showing normal
histological structures of Malpighian corpuscles with its glomerulus (M) Bowman's capsule (B) proximal tubules (P) and
distal tubule (D); (b1,2): Penicillin for 20 days showing dilatation of Bawmn's capsule (S), shrinkage glomerulus (G),
glomerular degeneration (D), and thickened blood vessels (T); (c,d) Light micrographs of a cross sections in kidney
cortex of guinea pig after administration of penicillin for 20 days, then (c): sidr honey for another 20 days; (d) vitamins
A, C, E in combination for another 20 days, showing most of the cortex return to normal structure. (H&E X 400).

Figure 6: In the medulla, penicillin-induced damage included tubular casts and hemorrhage after 20
days of administration. Treatments with Sidr honey or combined vitamins (A, C, E) following

Fig. 6: Light micrographs of a cross-section in the medulla of guinea pigs. (a): control group showing normal histological
structures of collecting tubules. (b1,2): Penicillin for 20 days showing medullary tubular casts (M), hyperplasia (H),
compressed blood vessels (C), and hemorrhage (R); (c,d) Light micrographs of a cross-section in kidney medulla of
guinea pig after administration penicillin for 20 days, then (c): sidr honey for another 20 days; (d) vitamins A, C, E in
combination for another 20 days, showing most of the medulla return to normal histological structure (HX&E X 100).
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Figure 7: Guinea pigs treated with streptomycin for 20 days showed severe kidney cortex damage,
which was visibly improved after 20 days of Sidr honey or vitamin combination treatment post-
streptomycin withdrawal, with the cortex structure closely resembling normal tissue.

Fig. 7: Light micrographs of a cross-section in the kidney cortex of guinea pigs. (a): control group showing normal
histological structures of Malpighian corpuscles with its glomerulus (M) Bowman's capsule (B) proximal tubules (P) and
distal tubule (D); (b1,2) Streptomycin for 20 days showing dilatation of Bawmn's capsule (S), shrinkage glomerulus (G),
glomerular degeneration (D), and thickened blood vessels (T); (c,d) Light micrographs of a cross sections in kidney
cortex of guinea pig after administration of streptomycin for 20 days, then (c): sidr honey for another 20 days; (d)
vitamins A, C, E in combination for another 20 days, showing most of the cortex return to normal structure.

Figure 8: Streptomycin treatment caused notable damage in the kidney medulla, but post-treatment
with Sidr honey or comblned vitamins (A, C, E) facilitated a return to normal hlstology

."\"t l‘m‘\r _ 2%

Fig. 8: Light micrographs of a cross-section in the medulla of guinea pigs. (a): control group showing normal histological
structures of collecting tubules. (b & c) Streptomycin for 20 showing medullary tubular casts (M), hyperplasia (H),
compressed blood vessels (C), and hemorrhage (R); (c,d) Light micrographs of a cross-section in kidney medulla of
guinea pig after administration Streptomycin for 20 days, then (c): sidr honey for another 20 days; (d) vitamins A, C, E
in combination for another 20 days, showing most of the medulla return to normal histological structure (Hx&E X 100).

131



J. Amr. Uni. 05 (2025) p. 123-134 Mohammed A. Y. Al-Eryani et al

4. Discussion

The kidneys are critical for excreting toxins in mammals but are highly susceptible to damage from
various drugs and chemicals [15,16]. This study demonstrated that the administration of penicillin or
streptomycin to guinea pigs significantly increased serum levels of urea, creatinine, and uric acid,
reflecting impaired renal function and kidney stress. Histological examination confirmed these
findings, showing marked renal tissue damage such as glomerular shrinkage, tubular degeneration,
and hemorrhage. This damage may arise from antibiotic accumulation in the renal tubular cells,
producing reactive oxygen species (ROS) and oxidative stress, which disrupt renal filtration and
cellular function [4,5,17,18].

In this study, Sidr honey and vitamins A, C, and E were examined as preventive (cotreatment) and
curative (post-treatment) agents against renal toxicity induced by penicillin and streptomycin.

In the preventive group, Sidr honey and vitamins were administered concurrently with antibiotics to
mitigate potential renal damage. Tables 1 and 2 show that co-treatment with Sidr honey (G3, G9) and
vitamins (G4-G6, G10-G12) reduced the increases in urea, uric acid, and creatinine levels caused by
penicillin or streptomycin, indicating improved renal function. The combined vitamin treatment (G7,
G13) was especially effective in restoring kidney markers closer to the control levels. This suggests
that when administered with antibiotics, antioxidants neutralize the free radicals generated during
antibiotic metabolism, reduce oxidative stress, and protect renal cells, particularly in the cortex and
medulla [7-12, 19,20].

Histological results also support these findings. In the penicillin-treated groups, co-treatment with
Sidr honey or vitamins helped maintain the kidney structure and reduced glomerular and tubular
degeneration. A similar protective effect was observed in streptomycin-treated groups, with reduced
hyperplasia, vascular dilation, and other structural abnormalities in groups receiving antioxidants
[5,21-24]. This aligns with previous studies in which antioxidants have been shown to prevent renal
damage by mitigating cellular oxidative damage caused by antibiotics [25,26].

In the curative groups, antioxidants were administered after 20 days of penicillin or streptomycin
treatment to assess their ability to reverse the established renal damage. Table 3 shows that post-
treatment with Sidr honey (G16, G19) or combined vitamins (G17, G20) significantly lowered serum
urea, uric acid, and creatinine levels compared to the untreated antibiotic groups, although levels did
not fully normalize. This suggests that antioxidants facilitate cellular repair, aiding the recovery of
renal function following toxic exposure [28-29].

Histologically, curative treatment with Sidr honey and vitamins resulted in notable improvements in
kidney structure, with many renal corpuscles and tubules appearing close to normal. Combined
vitamin treatment appeared particularly effective in reversing glomerular and tubular degeneration as
well as medullary damage. This suggests that antioxidants enhance cellular detoxification pathways,
help clear residual toxins, and promote tissue repair [28,30].

The nephroprotective effects of Sidr honey and vitamins A, C, and E likely stem from their
antioxidant properties, which counteract ROS and support renal health. Sidr honey contains phenolic
compounds that effectively scavenge free radicals, whereas vitamins stabilize cellular membranes,
enhance immune defenses, and support tissue regeneration. The combined use of these antioxidants
appears to offer a strong defense against renal toxicity, as evidenced by significant reductions in
biochemical markers and histological damage [30,31].

Antioxidants may reduce the formation of ROS during antibiotic metabolism, limiting the initial
oxidative stress on the renal tissue. Curatively, they likely aid in cellular recovery by eliminating
residual toxins, enhancing renal filtration, and supporting the regeneration of damaged cells [29,30].
This dual action in both prevention and repair aligns with previous research on the role of antioxidants
in countering antibiotic-induced nephrotoxicity [30,31,35].

Conclusion

In summary, this study highlights the beneficial roles of Sidr honey and vitamins A, C, and E in
protecting and restoring renal function following exposure to penicillin and streptomycin. When used
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as co-treatments or post-treatments, these antioxidants significantly reduced the biochemical and

structural indicators of kidney damage. Their potential as adjunctive therapies to manage drug-

induced nephrotoxicity warrants further investigation, especially in clinical settings, where kidney
health must be safeguarded.

5. References

[1] G. Wareth, M. Dadar, H. Ali, M. E. Hamdy, A. M. Al-Talhy, A. R. Elkharsawi, A. A. A. E. Tawab,
and H. Neubauer, "The perspective of antibiotic therapeutic challenges of brucellosis in the
Middle East and North African countries: Current situation and therapeutic management,”
Transboundary and Emerging Diseases, vol. 69, no. 5, pp. e1253-e1268, 2022.

[2] J. C. Gallagher and C. MacDougall, Antibiotics Simplified. Jones & Bartlett Learning, 2022.

[3] G. T. M. Sales and R. D. Foresto, "Drug-induced nephrotoxicity,” Revista da Associacdo Médica
Brasileira, vol. 66, pp. s82—s90, 2020.

[4] A. Guillouzo and C. Guguen-Guillouzo, "Antibiotics-induced oxidative stress," Current Opinion
in Toxicology, vol. 20, pp. 23-28, 2020.

[5] M. A. Al-Eryani, F. M. Shediwah, M. S. Al-Awar, E. Salih, and E. A. AL-Shaibani, "The Ability
of Vitamin A, Alone or in Combination with Vitamins C and E, in Ameliorating the Side Effects
of Penicillin and Streptomycin on Hepatic Damage in Guinea Pigs," Jordan Journal of Biological
Sciences, vol. 7, no. 2, 2014.

[6] R. E. Campbell, C. H. Chen, and C. L. Edelstein, "Overview of antibiotic-induced nephrotoxicity,"
Kidney International Reports, 2023.

[7] P. Chaudhary et al., "Oxidative stress, free radicals, and antioxidants: Potential crosstalk in the
pathophysiology of human diseases,” Frontiers in Chemistry, vol. 11, p. 1158198, 2023.

[8] I. Gulcin, "Antioxidants and antioxidant methods: An updated overview," Archives of Toxicology,
vol. 94, no. 3, pp. 651-715, 2020.

[9] M. R. Higgins, A. Izadi, and M. Kaviani, "Antioxidants and exercise performance: with a focus
on vitamin E and C supplementation,” International Journal of Environmental Research and
Public Health, vol. 17, no. 22, p. 8452, 2020.

[10] R. Margdoan et al., "Monofloral honey as a potential source of natural antioxidants, minerals,
and medicine," Antioxidants, vol. 10, no. 7, p. 1023, 2021.

[11] A. Wilczynska and N. Zak, "Polyphenols as the Main Compounds Influencing the Antioxidant
Effect of Honey—A Review," International Journal of Molecular Sciences, vol. 25, no. 19, p.
10606, 2024.

[12] M. A. Y. Al-Eryani, A. M. J. Alarami, and M. S. A. Al-Awar, "The Protective Effects of
Different Types of Yemeni Honey on Hepatorenal Toxicity Induced by Gentamicin on Guinea
Pigs,"” Bioequivalence & Bioavailability International Journal, vol. 6, no. 1, pp. 1-10, 2022.

[13] Institute of Laboratory Animal Resources (US) Committee on Care and Use of Laboratory
Animals, Guide for the Care and Use of Laboratory Animals, US Department of Health and
Human Services, Public Health Service, National Institutes of Health, 1986.

[14] G. L. Humason, Animal Tissue Techniques, 2nd ed., p. 661, 1979.

[15] Z. A. Radi, "Kidney pathophysiology, toxicology, and drug-induced injury in drug
development,” International Journal of Toxicology, vol. 38, no. 3, pp. 215-227, 2019.

[16] M. S. A. Al-Awar, "Anti-urolithiatic Effect of Psiadia Punctulata Leaves Ethanolic Extracts
Against Sodium Oxalate-Induced Urolithiasis in Rats,” vol. 4, no. 8, pp. 12-12, 2024.

[17] E. Kwiatkowska et al., "The mechanism of drug nephrotoxicity and the methods for preventing
kidney damage," International Journal of Molecular Sciences, vol. 22, no. 11, p. 6109, 2021.

133



J. Amr. Uni. 05 (2025) p. 123-134 Mohammed A. Y. Al-Eryani et al

[18] M. Gyurdszova, R. Gurecka, J. Babickova, and L. Tothova, "Oxidative stress in the
pathophysiology of kidney disease: implications for noninvasive monitoring and identification
of biomarkers," Oxidative Medicine and Cellular Longevity, vol. 2020, no. 1, p. 5478708, 2020.

[19] V. Unsal, M. Cicek, and I. Sabancilar, "Toxicity of carbon tetrachloride, free radicals and role
of antioxidants,” Reviews on Environmental Health, vol. 36, no. 2, pp. 279-295, 2021.

[20] S. Raj Rai et al., "Glutathione: Role in oxidative/nitrosative stress, antioxidant defense, and
treatments," ChemistrySelect, vol. 6, no. 18, pp. 4566-4590, 2021.

[21] M. S. Al-Awar et al., "The protective effect of Sider honey and Zinc on imidacloprid induced
hepatorenal and hematological toxicity in rats,” vol. 2, no. 1, pp. 49-29, 2018.

[22] A. A. Obaid, M. I. Alsammak, and M. S. S. Fadhil, "The effect of vitamin E on the histological
structure of kidney in rats treated with cyclophosphamide,” Iragi Journal of Veterinary Sciences,
vol. 36, no. 2, pp. 513-517, 2022.

[23] A. B. Mehany et al., "Curcumin and vitamin C improve immunity of kidney via gene expression
against diethyl nitrosamine induced nephrotoxicity in rats: In vivo and molecular docking
studies,” Heliyon, vol. 9, no. 3, 2023.

[24] A. A. Muageb et al., "Ameliorating The Side Effects Of Penicillin And Streptomycin On
Hepatocytes Using Vitamin C In Guinea Pigs,” European Journal Of Pharmaceutical And
Medical Research, vol. 6, no. 5, pp. 667—673, 2019.

[25] R. Ranasinghe, M. Mathai, and A. Zulli, "Cytoprotective remedies for ameliorating
nephrotoxicity induced by renal oxidative stress,” Life Sciences, vol. 318, p. 121466, 2023.

[26] A. C. Famurewa et al., "Antioxidant, anti-inflammatory, and antiapoptotic effects of virgin
coconut oil against antibiotic drug gentamicin-induced nephrotoxicity via the suppression of
oxidative stress and modulation of iNOS/NF-kB/caspase-3 signaling pathway in Wistar rats,"”
Journal of Food Biochemistry, vol. 44, no. 1, p. 13100, 2020.

[27] O. Y. A. Lee et al., "Potentials of natural antioxidants in reducing inflammation and oxidative
stress in chronic kidney disease," Antioxidants, vol. 13, no. 6, p. 751, 2024.

[28] V. Poli et al., "Protective effect of Vitamin C and E on enzymatic and antioxidant system in liver
and kidney toxicity of Cadmium in rats," Applied Food Research, vol. 2, no. 1, p. 100098, 2022.

[29] A. Iftikhar et al., "The regenerative potential of honey: A comprehensive literature review,"
Journal of Apicultural Research, vol. 62, no. 1, pp. 97-112, 2023.

[30] Z. Ghlissi et al., "Combined use of Vitamins E and C improve nephrotoxicity induced by colistin
in rats," Saudi Journal of Kidney Diseases and Transplantation, vol. 29, no. 3, pp. 545-553,
2018.

[31] G. S. Abd El-Aziz et al., "The potential protectivity of honey and olive oil in methotrexate
induced renal damage in rats,” Toxicon, vol. 234, p. 107268, 2023.

[32] K. Jomova et al., "Reactive oxygen species, toxicity, oxidative stress, and antioxidants: Chronic
diseases and aging," Archives of Toxicology, vol. 97, no. 10, pp. 2499-2574, 2023.

[33] K. Daenen et al., "Oxidative stress in chronic kidney disease,” Pediatric Nephrology, vol. 34,
pp. 975991, 2019.

[34] A. A. Akila et al., "Clopidogrel protects against gentamicin-induced nephrotoxicity through
targeting oxidative stress, apoptosis, and coagulation pathways,” Naunyn-Schmiedeberg's
Archives of Pharmacology, pp. 1-17, 2024.

[35] M. Yuan et al., "Natural products for the prevention of antibiotic-associated kidney injury,"”
Current Opinion in Toxicology, vol. 32, p. 100363, 2022.

134



