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nephrotoxicity and gonadotoxicity, limiting its clinical utility. This study was designed to evaluate the
protective effects of roselle (Hibiscus sabdariffa) extract, known for its rich antioxidant content, on
renal histopathology and seminiferous tubule thickness in rats exposed to gentamicin-induced toxicity.
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Materials & Methods: Twenty-five male Wistar rats were randomly assigned to five groups: a
negative control, a positive control (gentamicin only), and three treatment groups receiving roselle
extract at 200, 400, or 600 mg/kg body weight along with gentamicin. The extract was administered
orally for 15 consecutive days, while gentamicin (80 mg/kg) was injected intraperitoneally from day
8 to 15 to induce organ damage. At the study’s conclusion, kidney and testis tissues were collected
for histopathological examination using Hematoxylin and Eosin (H&E) staining. Renal damage was
assessed by scoring glomerular and tubular degeneration, necrosis, and inflammatory cell infiltration,
whereas seminiferous tubule thickness was measured.

Results: The positive control group showed severe renal damage, characterized by widespread
tubular necrosis, glomerular atrophy, and intense inflammation, alongside a significant reduction in
seminiferous tubule thickness compared to the negative control. Conversely, rats co-treated with roselle
extract demonstrated a dose-dependent amelioration of these pathological changes, showing marked
improvements in kidney structure and preservation of testicular integrity. Notably, the 200 mg/kg dose

K . exhibited the most pronounced protective effect, restoring tissue architecture to near-normal conditions.
eywords:

Conclusion: These findings suggest that roselle extract mitigates gentamicin-induced organ damage,
k . 8 likely through its potent antioxidant and anti-inflammatory properties that combat drug-induced
sabdariffa, Nephrotoxicity, . oxidative stress. This supports its potential as a natural therapeutic agent to counteract the adverse
Testicular toxicity :  effects of essential drugs.
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1. Introduction

ntibiotics, hailed as medical break-

throughs for their role in combating bac-

terial infections, are not without adverse

consequences. Gentamicin, a widely

used aminoglycoside antibiotic effective

against Pseudomonas, Proteus, and Ser-

ratia species, has revolutionized the treatment of severe

infections [1, 2]. However, its clinical utility is signifi-

cantly limited due to its well-documented nephrotoxicity

[3] and broader organ toxicity, particularly evident in the
histopathological changes of the kidneys and testes.

Gentamicin-induced kidney damage involves a com-
plex interplay of oxidative stress, inflammation, and
structural damage to renal tissues [4], while its detrimen-
tal impact on testicular function is marked by disrup-
tions in spermatogenesis and alterations in reproductive
parameters, largely driven by oxidative mechanisms [5].
Oxidative stress, characterized by an imbalance between
the production of reactive oxygen and nitrogen species
(ROS/RNS) and the body’s antioxidant defenses, leads
to lipid peroxidation, protein denaturation, and DNA
damage [6, 7].

Herbal products have long been explored for their pro-
tective roles against drug-induced organ toxicity [8, 9].
One of the herbs that have been known to have rich con-
stituent of active compound is Roselle flower (Hibiscus
sabdariffa). Roselle flower extract is rich in bioactive
compounds, particularly phenolic compounds such as
anthocyanins and flavonoids, which function as free rad-
ical scavengers, antioxidants, anti-inflammatory agents,
and inhibitors of lipid peroxidation [10, 11]. In addition,
roselle contains significant amounts of ascorbic acid (vi-
tamin C), which contributes to reducing oxidative stress
and cellular damage caused by reactive oxygen species
(ROS), thereby mitigating degeneration, necrosis, and
inflammatory cell infiltration [12].

Experimental studies have show that the administration
of roselle extract in gentamicin-treated rats significantly
attenuated oxidative stress markers and improved his-
topathological features of the testes [13]. Furthermore,
the nephroprotective effects of roselle extract highlight
its therapeutic potential in managing antibiotic-induced
organ toxicity. The nephroprotective effects and anti-
oxidant competence might offer protection against renal
glomerular necrosis, glomerular inflammation, tubular
degeneration, interstitial inflammation, and thickening
of the testicular seminiferous tubules, which can be as-
sessed through their histopathological images [14].
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2. Materials and Methods
2.1. Preparation of rosella extract

The maceration method was used to make rosella
flower extract (H. sabdariffa) by weighing 500 grams
of simplicia powder and extracting it using a 96% etha-
nol solvent. Rosella flower powder was soaked in 96%
ethanol until it was fully submerged. Three cycles of
the maceration procedure were carried out for a total of
twenty-four hours while being constantly stirred. The
filtrate and residue were then separated using a flannel
cloth. The resultant filtrate was then concentrated using
a rotary evaporator set to 50 ‘C. A water bath was used to
thicken the extract in order to remove any leftover sol-
vent, yielding a concentrated extract of rosella flowers.

2.2. Animal procedure

The study utilised 25 male Wistar strain white rats (Rat-
tus norvegicus), each weighing between 150 and 200
grammes and aged 2 to 3 months. The experimental rats
were obtained from Bintang Jaya White Rat Supplier in
Surabaya and fulfilled the criteria of being healthy (clear
eyes and normal behaviour). A simple random sampling
method used to categorize the white rats into five treat-
ment groups. The negative control group (C-) received a
0.5% CMC-Na suspension orally for 15 days, added with
intraperitoneal aquadest from day 8 to day 15. The posi-
tive control group second group (C+) acted as the positive
control, administered a 0.5% CMC-Na suspension orally
for 15 days and gentamicin injection at 80 mg/kg intraper-
itoneally from day 8 to day 15. The first treatment group
(T1) received roselle flower extract at 200 mg/kgBW
orally for 15 days and Gentamicin injection at 80 mg/kg
Intraperitoneally from day 8 to day 15. The second treat-
ment group (T2) received roselle flower extract at 400
mg/kgBW orally for 15 days and gentamicin injection
at 80 mg/kg Intraperitoneally from day 8 to day 15. The
third treatment group (T3) received roselle flower extract
at 600 mg/kgBW orally for 15 days and gentamicin injec-
tion at 80 mg/kg intraperitoneally from day 8 to day 15.

2.3. Histopathological examination of kidney

The kidney histopathological examination was car-
ried out using a Nikon E100 light microscope in 400x
magnification, equipped with an Optilab Advance Plus
digital camera (12 megapixels) and Image Raster image
processing software. Adjustments to assess proximal
tubular epithelial cell degeneration are essential for the
assessment of renal damage [15]. The infiltration of in-
flammatory cells in glomerulus is assessed as follows: 0
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= indicates absence of inflammatory cells in the glom-
erulus, 1 = intermittent nearness of inflammatory cells, 2
= central infiltration of inflammatory cells, 3 = multifo-
cal invasion of inflammatory cells, 4 = diffused infiltra-
tion of inflammatory cells. The assessment for necrotic
gromelurus/ degeneration is as follows: 0 = no degener-
ative alterations observed, 1 = degenerative cells <25%,
2 = degenerative cells 26-50%, 3 = degenerative cells
51-75%, 4 = degenerative cells >76%. The assessment
for tubular necrosis /degeneration is as follows: 0 = no
degenerative alterations observed, 1 = degenerative cells
<25%, 2 = degenerative cells 26-50%, 3 = degenerative
cells 51-75%, 4 = degenerative cells >76%. The infiltra-
tion of inflammatory cells in the renal interstitium is as-
sessed as follows: 0 = indicates absence of inflammatory
cells in the renal interstitium. 1 = intermittent nearness
of inflammatory cells, 2 = central infiltration of inflam-
matory cells, 3 = multifocal invasion of inflammatory
cells, 4 = diffused infiltration of inflammatory cells.

2.4. Histopathological examination of testicular
seminiferous tubule thickness

The testicular seminiferous tubule thickness examina-
tion was carried out using a Nikon E100 light micro-
scope in 100x magnification, equipped with an Optilab
Advance Plus digital camera (12 megapixels) and Im-
age Raster image processing software. The measure-
ment of the thickness of testicular seminiferous tubules
was carried out by measuring the thickness of the mu-
cosal epithelium observed in 10 fields of view at 100x
magnification. The inclusion criteria for the measured
seminiferous tubules were: intact tubule cross-sections,
no swelling, and a relatively round shape. The measure-
ment was performed by drawing a perpendicular line
from the basal membrane layer to the spermatid layer.

2.5. Analysis

Data obtained from the histopathological measure-
ments of the kidneys and seminiferous tubules of the
testis were analyzed statistically using the IBM SPSS
software version 29.2. Initial testing was performed
using the Shapiro-Wilk normality test. Data that were
normally distributed (P>0.05) were further analyzed us-
ing ANOVA followed by Duncan’s post-hoc test, while
data that were not normally distributed (P<0.05) were
analyzed using the non-parametric Kruskal-Wallis test
and followed by Mann-Whitney. Significant differences
between groups were indicated by a P<0.05.
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3. Results
3.1. Glomerular inflammation

Table 1 presents the mean glomerular inflammation
scores for each experimental group. The negative con-
trol group (C-) showed the lowest inflammation score
(0.033+0.08), significantly lower than the positive con-
trol group (C+) which received gentamicin (1.067+0.48).
Treatment groups T2 and T3, receiving 400 mg/kgBW
and 600 mg/kgBW of roselle extract respectively, ex-
hibited similar inflammation scores to the C+ group,
suggesting that these doses did not significantly miti-
gate glomerular inflammation induced by gentamicin.
Conversely, group T1 (200 mg/kgBW roselle extract)
showed a significantly lower score (0.5+0.21) com-
pared to C+, indicating a potential ameliorative effect
at this lower dose. Complementary to these quantita-
tive results, Figure 1 provides histopathological images
of renal glomerular inflammation, with yellow arrows
indicating the inflammatory cell infiltration observed
at 400x magnification. In the negative control (C-),
the glomeruli appear normal with clear structure and
no visible inflammatory cells. In contrast, the positive
control (C+) displays obvious signs of inflammation,
with numerous inflammatory cells infiltrating the glo-
merular area (yellow arrows). The T1 group (200 mg/
kgBW roselle extract) shows a slight increase in inflam-
matory cells compared to the C— group, but the overall
glomerular structure remains mostly intact. However,
tissue from the T2 (400 mg/kgBW) and T3 (600 mg/
kgBW) groups still shows infiltration similar to the C+
group, with mild disruption of glomerular structure.
These images support the data in Table 1, highlighting
that the lower dose of roselle extract (T1) maintained
glomerular architecture closer to normal, while higher
doses were less effective in limiting gentamicin-related
inflammation.

3.2. Glomerular necrotic

Asshownin Table 2, the negative control group (C-) dem-
onstrated minimal glomerular necrotic score (0.13+0.16).
The positive control group (C+) exhibited a significantly
higher necrotic score (1.43+0.89) and doesn’t have a
statistical difference compared to T2 treatment group
(0.76+0.15) and T3 treatment group (1.16+0.54). The T1
treatment group (1.16+0.38) displaying the most notable
effect when compared to the C- group (0.13+0.16), in-
dicating a beneficial effect of roselle extract in reducing
gentamicin-induced glomerular necrosis. The histopatho-
logical images are presented in Figure 2, which shows
histopathological images of renal glomerular necrosis at
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Table 1. Glomerular inflammation score between groups
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Group MeanzSD
(C-) 0.5% CMC-Na and aquadest 0.033%0.08°
(C+) Gentamicin 80 mg/kgBW 1.067+0.48°
(T1) Gentamicin 80 mg/kgBW + roselle extract 200 mg/kgBW 0.5+0.21°
(T2) Gentamicin 80 mg/kgBW + roselle extract 400 mg/kgBW 0.76+0.15¢
(T3) Gentamicin 80 mg/kgBW + roselle extract 600 mg/kgBW 1.16+0.54¢
abeDifferent superscripts showed significant differences between groups (P<0.05).
Table 2. Glomerular necrotic score between groups
Group MeantSD
(C-) 0.5% CMC-Na and aquadest 0.13+0.16°
(C+) Gentamicin 80 mg/kgBW 1.43+0.89°
(T1) Gentamicin 80 mg/kgBW + roselle extract 200 mg/kgBW 1.1610.38°
(T2) Gentamicin 80 mg/kgBW + roselle extract 400 mg/kgBW 1.240.62°
(T3) Gentamicin 80 mg/kgBW + roselle extract 600 mg/kgBW 1.1610.54¢

abcDifferent superscripts showed significant differences between groups (P<0.05)

400x magnification. The yellow arrows pointing to me-
sangial cells undergoing necrosis, confirming the extent
of cellular damage. In the negative control (C-), glom-
eruli appear healthy with intact mesangial cells and no
visible signs of necrosis. The positive control (C+) shows
clear necrotic changes, with multiple mesangial cells los-
ing their normal morphology (yellow arrows). Sections
from the T1 group (200 mg/kgBW roselle extract) reveal
noticeably fewer necrotic cells, and the glomerular struc-
ture closer to normal condition as shown in C— group. In
contrast, tissue from the T2 (400 mg/kgBW) and T3 (600
mg/kgBW) groups still exhibits necrotic changes similar
to those observed in the C+ group.

Table 3. Tubular necrotic / degenerative score between groups

3.3. Tubular necrotic / degenerative

Table 3 presents the tubular necrotic and degenerative
scores. The C— group recorded a low score (0.63+0.34),
while the C+ group showed marked tubular damage
(3.1740.48). Statistical analysis indicated that the T1
(200 mg/kgBW Roselle Extract) and T2 (400 mg/kgBW
Roselle Extract) groups produced comparable outcomes,
with only slight differences from the C— group. These re-
sults suggest that both doses were effective in reducing tu-
bular necrosis and degeneration. Histopathological images
in Figure 3 further support these findings, illustrating renal
tubular changes at 400x magnification. In the C— group,
the renal tubules retain their normal architecture with

Group MeantSD

(C-) 0.5% CMC-Na and aquadest 0.63+0.34°

(C+) Gentamicin 80 mg/kgBW 3.17+0.48¢

(T1) Gentamicin 80 mg/kgBW + roselle extract 200 mg/kgBW 2.17+0.96
(T2) Gentamicin 80 mg/kgBW + roselle extract 400 mg/kgBW 1.610.66°

(T3) Gentamicin 80 mg/kgBW + roselle extract 600 mg/kgBW 2.41+0.66<

b d beed Different superscripts showed significant differences between groups (P<0.05)
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Figure 1. Histopathological images of renal glomerular inflammation (H&E staining 400x)

Note: The yellow arrows ( >) indicate inflammatory cell infiltration.

well-preserved epithelial lining and no visible degenera-
tion. In contrast, the C+ group exhibits extensive necrosis
characterized by widespread epithelial cell loss, tubular
dilation, and disruption of the basement membrane, which
are highlighted by the yellow arrows. Sections from the
T3 group (600 mg/kgBW roselle extract) reveal mild to
moderate degenerative changes, suggesting that the higher
dose provided limited protection. Meanwhile, the T1 and
T2 groups show the least tubular damage, with largely
preserved epithelial cells, minimal necrotic areas, and

structural features that most closely resemble those seen
in the C— group. This pattern implies that the lower and
moderate doses of roselle extract may have exerted a pro-
tective effect on the renal tubules, potentially through their
antioxidant and anti-inflammatory properties, whereas the
highest dose may not confer additional benefit and could
even begin to lose efficacy. These findings provide strong
histological confirmation of the quantitative data, empha-
sizing that the protective effect of roselle extract is most
apparent at the lower and intermediate doses.

Figure 2. Histopathological images of renal glomerular necrosis (H&E staining 400%)

Note: The yellow arrows ( £>) indicate mesengial cell of glomerulus undergoes cell necrosis.
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Figure 3. Histopathological images of renal tubular necrosis (H&E staining 400x)

Note: The yellow arrows ( =>>) indicate the part of renal tubulus that undergoes necrosis or degeneration.

34. Interstitial inflammation

Table 4 indicates the interstitial inflammation scores.
The C- group had a minimal score (0.13+0.16). The
C+ group showed significant interstitial inflammation
(1.9+0.72). Treatment group T1 (200 mg/kgBw roselle
extract) significantly reduced inflammation (0.4+0.51)
and have a closer histological condition compared to the
C- group, suggesting an anti-inflammatory effect. How-
ever, T3 (600 mg/kgBW roselle extract) showed a score
(2.2+0.46) comparable to or even higher than the C+
group, suggesting a dose-dependent effect where higher
doses might not be as beneficial or could even exacer-
bate inflammation in the interstitium. Figure 4, the histo-
pathological images of renal interstitial inflammation at
400x magnification, visually confirms the inflammatory
cell infiltration, as indicated by the yellow arrows, re-
inforcing the quantitative data. In Figure 4, kidney sec-
tions from the C— group show normal interstitial tissue
with no visible inflammatory cells. In contrast, the C+
group displays widespread infiltration of inflammatory
cells, which is marked by the yellow arrows. The T1
group (200 mg/kgBW roselle extract) shows only sparse
inflammatory cells, and the overall tissue structure re-
mains close to normal, supporting the anti-inflammatory
effect suggested by the scores. The T2 group (400 mg/
kgBW) presents moderate infiltration, indicating partial
improvement compared to C+. Interestingly, sections
from the T3 group (600 mg/kgBW) reveal dense clusters
of inflammatory cells and disrupted tissue architecture,
closely resembling or even exceeding the inflammation
seen in the C+ group. These histological findings align
with the data in Table 4, illustrating that the lower dose

of roselle extract provided the clearest protective effect,
while the highest dose appeared to worsen interstitial in-
flammation.

3.5. Seminiferous tubules epithelial’s thickness

Table 5 presents the mean thickness of the seminiferous
tubule epithelium across the experimental groups. The
negative control group (C-) exhibited a mean thickness
of 74.11+16.66 pum. The positive control group (C+), ad-
ministered gentamicin, showed a slightly increased mean
thickness of 82.92+17.93 pm, although this difference
was not statistically significant compared to C-. This
observation in the C+ group aligns with previous stud-
ies indicating that gentamicin can affect testicular tissue,
potentially by elevating ROS levels which can impact the
integrity of spermatogenic cells and other testicular com-
ponents. Among the treatment groups, T2 (gentamicin 80
mg/kgBW +roselle extract 400 mg/kgBW) demonstrated
a significantly higher epithelial thickness (80.75+14.75
um) compared to the C- group, and notably maintained
a thickness comparable to the C+ group. This suggests
that the 400 mg/kgBW dose of roselle extract may exert
a protective or regenerative effect on the seminiferous
tubules, potentially by enhancing antioxidant defenses
against gentamicin-induced oxidative stress, as Roselle
is rich in compounds like anthocyanins, flavonoids, and
ascorbic acid known to neutralize ROS and improve cel-
lular integrity. Conversely, treatment groups T1 (200 mg/
kgBW roselle extract) with 69.01£12.20 um and T3 (600
mg/kgBW roselle extract) with 72.8+19.66 um did not
show significant differences from the c- group, nor did
they significantly improve thickness compared to the C+

Jawindra MR, et al. Hibiscus sabdariffa Against Gentamicin Toxicity. Arch. Razi Inst. 2026; 81(4):907-918.
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Table 4. Interstitial inflammation score between groups

Group MeantSD

(C-) 0.5% CMC-Na and aquadest 0.13+0.16°

(C+) Gentamicin 80 mg/kgBW 1.9+0.72¢

(T1) Gentamicin 80 mg/kgBW + roselle extract 200 mg/kgBW 0.4+0.51°
(T2) Gentamicin 80 mg/kgBW + roselle extract 400 mg/kgBW 1.0440.81¢
(T3) Gentamicin 80 mg/kgBW + roselle extract 600 mg/kgBW 2.2+0.46¢

»b.cdDifferent superscripts showed significant differences between groups (P<0.05).

group. This indicates a dose-dependent efficacy, where
the 400 mg/kgBW dose appears most effective in pre-
serving or restoring seminiferous tubule epithelial thick-
ness. Figure 5 provides histopathological images of the
seminiferous tubule epithelium at 400x magnification.

4. Discussion

The administration of gentamicin at a dose of 80 mg/
kg body weight for eight days, as observed in the posi-
tive control group (C+), resulted in noticeable renal
damage, with histopathological scores showing clear
increases in glomerular inflammation (1.07+0.48), glo-
merular necrosis (1.434+0.89), and tubular degenera-
tion (3.174+0.48). These findings align with the known
mechanism of gentamicin toxicity, wherein the drug
enters cells and binds to polysomes, thereby disrupting
protein synthesis. This disruption leads to increased lipid
peroxidation and a reduction in ATP production [2, 16].
The decline in ATP levels, along with excessive genera-
tion of ROS, promotes intracellular accumulation of so-
dium (Na‘), as well as calcium (Ca*") and water influx,
ultimately resulting in cellular degeneration marked by
cloudy swelling, cell enlargement, and cytoplasmic vac-
uolization [15].

Gentamicin-induced nephrotoxicity occurs through
various mechanisms, generally classified into vascular,
glomerular, and tubular components. These toxic effects
vary with dose and administration route. In the tubular
system, gentamicin causes necrosis of proximal tubular
epithelial cells and disrupts endocytic functions [17].
Within the glomerulus, the initial filtration structure of
the nephron, gentamicin induces mesangial cell contrac-
tion and reduces the glomerular filtration rate. Addition-
ally, it decreases renal blood flow by increasing vascular
resistance without affecting perfusion pressure, which in
turn reduces oxygen and ATP availability in the tubules
[18]. The accumulation of gentamicin in the proximal
tubules is attributed to the expression of specific pro-
tein and cation transporters in that region. Moreover, the
megalin—cubilin receptor complex facilitates the uptake
of gentamicin through endocytosis, contributing to renal
injury via oxidative stress mechanisms [19].

The results of this study demonstrate that the negative
control group (C—) maintained nearly normal histologi-
cal structures, with very low scores for inflammation
(0.03+0.08), necrosis (0.13+0.16), and tubular changes
(0.63+0.34), while the treatment groups receiving roselle
extract showed varying degrees of improvement. Among

Table 5. Seminiferous tubule epithelial’s thickness between groups

Group

MeantSD

Thickness (pum)

(C-) 0.5% CMC-Na and aquadest
(C+) Gentamicin 80 mg/kgBW
(T1) Gentamicin 80 mg/kgBW + roselle extract 200 mg/kgBW
(T2) Gentamicin 80 mg/kgBW + roselle extract 400 mg/kgBW

(T3) Gentamicin 80 mg/kgBW + Roselle extract 600 mg/kgBW

74.11+16.66°

82.92+17.93°

69.01+12.2°

76.68+14.75°

72.8+19.66°

»*Different superscripts showed significant differences between groups (P<0.05).
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Figure 4. Histopathological images of renal insterstitial inflammation (H&E staining 400x)

Note: The yellow arrows ( 5> )indicate inflammatory cell infiltration.

them, T1 (200 mg/kgBW) had the most consistent pro-
tective effect, lowering glomerular inflammation to
0.5+0.21 and keeping tubular degeneration at 1.83+0.41,
the closest to C— values. T2 (400 mg/kgBW) showed a
partial reduction in damage, with slightly higher scores
in tubular degeneration (1.6+0.66) but similar improve-
ments in glomerular necrosis (0.76+0.15). T3 (600
mg/kgBW), on the other hand, did not improve histol-
ogy further; in fact, its glomerular inflammation score
(1.33+0.21) and interstitial inflammation (2.2+0.46)
approached or exceeded those of C+, suggesting that a
higher dose might have pro-oxidant effects.

Gentamicin is also known to be toxic to the testes,
and this study supports that observation: the C+ group
showed marked thinning of seminiferous tubules, con-
sistent with elevated ROS levels reported in testicular
tissue [5]. In contrast, T1 preserved seminiferous tubule
thickness closest to C—, while T2 showed moderate im-
provement and T3 less so.

Various studies have shown that gentamicin toxicity
stems from the body’s inability to eliminate excessive
ROS [20]. This imbalance reduces follicle-stimulating
hormone (FSH) and luteinizing hormone (LH) produc-

Figure 5. Histopathological images of renal insterstitial inflammation (H&E staining 400x)

Jawindra MR, et al. Hibiscus sabdariffa Against Gentamicin Toxicity. Arch. Razi Inst. 2026; 81(4):907-918.
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tion, lowering sperm quality and causing seminiferous
tubule thinning [21]. Gentamicin also diminishes endog-
enous antioxidants such as superoxide dismutase (SOD),
catalase (CAT), and glutathione (GSH), further weaken-
ing the body’s protective system [5].

The results of this study show that roselle (H. sabdar-
iffa) extract, particularly at 200 mg/kgBW (T1), im-
proved histopathological findings of renal degeneration,
necrosis, and inflammatory cell infiltration, and also
improved seminiferous tubule thickness in the testicular
organ. Roselle flower extract is rich in bioactive com-
pounds such as anthocyanins, flavonoids, and ascorbic
acid, all of which function as antioxidants that inhibit lip-
id peroxidation and reduce oxidative stress [22]. Antho-
cyanins are known to enhance the activity of the body’s
natural antioxidant enzymes, including SOD, CAT, and
GSH [23]. Flavonoids support the repair of damaged cell
membranes and compete with unsaturated lipids as oxi-
dative substrates, thereby minimizing cellular degenera-
tion. Furthermore, vitamin C (ascorbic acid) is capable
of neutralizing ROS such as superoxide anions (O2°),
hydrogen peroxide (H,0,), and hydroxyl radicals (OH"),
effectively preventing oxidative damage to cellular com-
ponents and protecting against necrosis in both kidney
and testes.

Anthocyanins present in Roselle flower also exhibit
notable anti-inflammatory effects that contribute to the
protection of kidney and testicular tissues. These bioac-
tive compounds act by inhibiting the activation of in-
flammatory signaling pathways such as nuclear factor-
kappa B (NF-«xB), thereby suppressing the release of
pro-inflammatory cytokines including interleukin-1§
(IL-1PB), tumor necrosis factor-alpha (TNF-a), and inter-
leukin-6 (IL-6) [24]. The anti-inflammatory properties
of roselle anthocyanins have been linked to the attenua-
tion of cellular infiltration and oxidative stress, which are
common pathological features in kidney inflammation
models [25]. The anti-inflammatory activity of roselle
flower extract is mediated by anthocyanins, which re-
duce the expression of pro-inflammatory cytokines like
TNF-a, oxidative stress, and MDA levels, allowing
endogenous antioxidants to function optimally [26]. In
testicular damage models, these anthocyanins reduce
apoptosis and preserve tissue architecture by enhancing
endogenous antioxidant enzyme activity such as SOD
and CAT [27].

5. Conclusion

By downregulating inflammatory mediators and en-
hancing the antioxidant defense system, Roselle an-
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thocyanins help prevent cytokine-induced tissue injury,
highlighting their therapeutic potential in renal and
reproductive health. The discussion of H. sabdariffa
extract mitigated gentamicin-induced kidney and tes-
ticular damage in rats by improving histopathological
features and maintaining the structure of the seminif-
erous tubules. A dose of 200 mg/kg produced the most
prominent effect, supporting the extract’s potential as an
antioxidant and anti-inflammatory agent against drug-
induced organ toxicity.
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