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ABSTRACT: This study examined the therapeutic potential of Viburnum opulus
(Gilaburu) juice in an experimental nephrolithiasis model induced by ethylene glycol
(EG) and ammonium chloride (AC). Gilaburu juice administration began on Day 8, and
outcomes were evaluated through biochemical and histopathological parameters. Urinary
analysis revealed that the positive control group had markedly elevated oxalate and
reduced citrate levels—key risk factors for kidney stone formation. In contrast, Gilaburu-
treated rats showed lower oxalate excretion and higher citrate levels, indicating its capac-
ity to reduce oxalate accumulation and promote crystallization inhibitors. The treatment
group also exhibited partial recovery in urinary magnesium levels and increased urine
output, suggesting a diuretic effect. Serum biochemical findings demonstrated reduced
creatinine and uric acid levels in the treatment group compared to the positive control,
implying renal protective effects of Gilaburu. Histopathological examination (H&E
staining) showed that while the positive control group displayed severe tubular injury,
including epithelial necrosis and inflammation, the treatment group exhibited milder
alterations and better preservation of tubular architecture. Pizzolato staining confirmed a
significant reduction in both the number and size of calcium oxalate crystals in Gilaburu-
treated rats (p < 0.05). In conclusion, V. opulus juice exhibited oxalate-lowering, citrate-
enhancing, diuretic, and nephroprotective effects in an experimental kidney stone model.
These findings support its potential as a phytotherapeutic agent for preventing and man-
aging nephrolithiasis, although further preclinical and clinical investigations are necessary
to confirm these results.
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1. INTRODUCTION

Recent studies report a significant rise in urinary stone dis-
ease in Turkey. Globally, prevalence ranges from 5% to 12%,
involving multiple interacting pathophysiological mecha-
nisms (Curhan, 2007). Treatment depends on stone size,
location, resources, surgeon expertise, and patient preference.
Recurrence rates remain high, up to 50% after treatment
(Koursh et al., 2004). Calcium oxalate (CaOx) stones are the
most common type (Curhan, 2007), and their pathogenesis
is not fully understood (Khan, 2013). The disease is more
frequent in males than females (Khan, 1997). Animal mod-
els play a crucial role in the development of treatment strat-
egies. In particular, rats are commonly used in experimental
CaOx stone models induced by ethylene glycol (EG) and
ammonium chloride (AC) (Khan, 2013). Preventive strategies
in kidney stone management include increased fluid intake,
consumption of herbal teas and products with diuretic effects,
and avoidance of a sedentary lifestyle (Hoopes, 2003). As
interest in complementary and alternative medicine resurges,
the potential therapeutic effects of natural, plant-based prod-
ucts are being increasingly investigated. One such traditional
remedy is Gilaburu (Viburnum opulus L.), which has long
been used in Anatolia for its reputed stone-dissolving effects.
Due to its high content of vitamin C, phenolic compounds,
and organic acids, it is hypothesized that Gilaburu may pre-
vent CaOx crystal formation by lowering urinary pH. This
traditional use is particularly prevalent in Central Anatolia,
where the fruit has been consumed for generations as a sup-
portive treatment for kidney stones (Baytop, 1984; Herrara,
1987). Gilaburu belongs to the class Magnoliopsida and the
family Caprifoliaceae, with a wide natural distribution span-
ning from Europe to Asia (Ding et al., 2012). In addition to
its effects on kidney stones, Gilaburu juice is also traditionally
used in the treatment of gallbladder and certain liver disorders
in Anatolia due to its perceived litholytic properties (Herrara,
C.M., 1987; Soylak et al., 2002; Yildiz, 2019). Viburnum

opulus (Gilaburu) fruits and extracts are rich in various bio-
active compounds relevant to kidney stone prevention. They
contain iridoids, such as opuloside, which exhibit anti-inflam-
matory and antioxidant effects. The fruits are also a source of
phenolic compounds and flavonoids, including chlorogenic
acid, caffeic acid, quercetin, and rutin, which help reduce oxi-
dative stress and protect renal epithelial cells from crystal-in-
duced damage. In addition, V. opulus contains organic acids,
such as citric, malic, and tartaric acids, that can form soluble
complexes with calcium (Ca), thereby inhibiting stone forma-
tion. Saponins are present as well, which may decrease crystal
aggregation through their surface-active properties. Moreover,
the fruits provide essential minerals such as potassium, Ca,
and magnesium (Mg), which can further influence urinary
chemistry. Collectively, these compounds suggest that V. opu-
lus possesses a multifaceted biochemical profile that may con-
tribute to its traditional use in urinary tract health and kidney
stone prevention (Effatparvar et al., 2025; Ilhan et al., 2014;
Kajszczak et al., 2020)

Several studies have reported that CaOx accumulation in
the kidney leads to an increase in urinary pH, which may
serve as an indicator of stone formation (Sezik et al., 2001;
Takawale et al., 2012). It has also been documented that com-
pounds found in Gilaburu fruit—such as ascorbic acid, phe-
nolic acids, and organic acids—may inhibit stone formation
by lowering urinary pH (Ilhan et al., 2014).

The aim of this study is to investigate the potential thera-
peutic effect of Gilaburu juice on experimentally induced kid-
ney stones in a rat model.

2. MATERIALS AND METHODS
2.1. Ethical approval

This study was supported by the Scientific Research
Projects Unit of Erciyes University under the project code

Natural Resources for Human Health 2026, 6, 54-65 | 55


https://doi.org/10.53365/nrfhh/217476

A.Omerli et al.

TDK-2015-5949. All involv-
ing animals were approved by the Local Ethics Committee
for Animal Experiments of Erciyes University (Decision
no: 12/89, dated 12.08.2012) and conducted at the Hakan

Cetinsaya Experimental Research and Application Center

experimental  procedures

(DEKAM), in accordance with ethical guidelines for animal
welfare.

2.2. Collection and extraction of Gilaburu

Gilaburu fruits (Viburnum opulus L.) were separated from
their leaves and stems and allowed to ferment in water for
approximately 2 months using traditional methods. The
matured fruits were then pressed to obtain the juice. This juice
was concentrated under vacuum at 37-38°C, lyophilized, and
stored at ~20°C. Approximately, 58 g of powdered extract was
obtained from 1 kg of fresh fruit.

2.3. Dose determination

In traditional use, 200 mL of undiluted Gilaburu juice per
day is recommended for humans. When adapting this dose
for rats, a body weight—based calculation was performed. If
200 mL is appropriate for an average 70-kg adult, the equiv-
alent dose for a 350-g rat is approximately 1 mL. Since the
Gilaburu juice was lyophilized, this amount corresponds to
approximately 1-1.5 g of dry extract. For oral administration
by gavage, 1-1.5 g of Gilaburu extract was dissolved in 2.5
mL of water and administered accordingly.

2.4. Experimental animals

A rotal of 20 male Sprague-Dawley rats, weighing between
190 and 320 g, were used in the study. Prior to the experi-
ment, animals were acclimated in metabolic cages for 3 days.
Throughout the study, they were fed standard rat chow and
water ad libitum under optimal environmental conditions.
Water intake was recorded daily, and health status was moni-
tored twice a day.

2.5. Experimental groups

The animals were randomly assigned into three experimen-
tal groups:

Negative Control Group (n=6): Fed a standard diet with

no stone induction.

View Article online

Positive Control Group (n=7): Received 0.75% EG and
1% AC (NH4CI) in drinking water for the first 8 days to
induce stone formation, followed by 0.75% EG only.

Treatment Group (n=7): Underwent the same stone
induction protocol as the positive control group and addi-
tionally received a daily oral gavage of Gilaburu extract (dose
adjusted to body weight) for 12 consecutive days.

The daily dose of Gilaburu was calculated as half of 10% of
the animal’s body weight (mL), multiplied by 0.09 to deter-
mine the required amount of extract. The extract was dis-
solved in 2.5 mL of water, vortexed, and administered using a
5 mL syringe at the same time each day.

2.6. Urinary biochemical analysis

Daily water consumption (mL) and 24-hour urine vol-
ume (mL) were recorded throughout the study. Urine samples
were collected daily in 100 mL containers, and total urine
volume per animal was measured. On days 0, 4, 8, 12, 16,
and 20, 2 mL of each urine sample was stored in Eppendorf
tubes and sent to the Central Biochemistry Laboratory at
Erciyes University for the measurement of Ca, uric acid, Mg,
and creatinine (Cr). The remaining urine samples were stored
at —20 °C for later determination of oxalate and citrate levels.
Oxalate (REF OX8850) and citrate (REF C18820) kits from
B.E.N s.r.l. were used for manual analysis.

2.7. Blood sampling and biochemical analysis

At the end of the experiment, animals were anesthetized
via intraperitoneal injection of ketamine (80 mg/kg) and
xylazine (5 mg/kg). Following disinfection of the abdominal
area with alcohol, a V-shaped incision was made at the pubic
level to expose the abdominal cavity. The organs were gently
moved aside, and blood was drawn from the aortic bifurca-
tion using a syringe. Blood samples were sent to the Central
Biochemistry Laboratory at Erciyes University for measure-
ment of urea, Cr, Ca, and Mg levels.

2.8. Histopathological procedure

Kidney tissues from each animal were fixed in 10% buff-
ered formalin for histopathological examination. After frontal
trimming, tissues underwent standard histological processing,
including washing in tap water, dehydration through graded
alcohols (50%, 70%, 80%, 90%, and 100%), clearing in
xylene (two steps), and embedding in paraffin (two steps).
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Paraflin blocks were formed using paraffin that melted at
56-58°C and stored at ~10 °C until sectioning.

Sections of 5 pm thickness were obtained from paraf-
fin blocks using a microtome. Due to detachment issues
observed in standard slides during trial staining, sections were
mounted on pre-coated lysine slides. The slides were stained
using Hematoxylin—Eosin (HE) and Pizzolato’s (PZ) method
and examined under a light microscope.

2.9. Statistical analysis

All data were analyzed using SPSS version 22.0 (SPSS,
Inc., Chicago, IL, USA). Individual rat data were entered into
the software, including daily water intake, urine volume, and
urinary levels of Ca, Cr, Mg, uric acid, oxalate, and citrate
on days 0, 4, 8, 12, 16, 18, and 20. Blood levels of Mg, Cr,
uric acid, and Ca were also statistically compared. Descriptive
statistics (mean * standard deviation) were first applied.
Normality of distribution was tested using the Shapiro—Wilk
test, and nonnormal distribution (p<0.05) was confirmed.
Therefore, nonparametric tests were employed: the Mann—
Whitney U test for pairwise comparisons and the Kruskal—
Wallis test for comparisons among three groups. A p-value
<0.05 was considered statistically significant. For biochemical
comparisons in serum, one-way ANOVA and Tukey’s HSD
post hoc test were applied.

3. RESULTS
3.1. Changes in body weight

Body weights of the animals in each experimental group
were measured at the beginning (Day 0) and at the end
(Day 20) of the study. An average weight gain of 49.3 g was
observed in the negative control group, while the positive
control group showed a gain of only 9.1 g, and the treatment
group exhibited an average increase of 33.6 g ( Figure 1).

The administration of EG and AC in the drinking water to
induce kidney stone formation in the positive control group
resulted in a notably smaller weight gain compared to the
negative control group. In contrast, animals in the treatment
group receiving Gilaburu extract demonstrated a more pro-
nounced weight gain.

Statistical analysis revealed a significant decrease in weight
gain in both the positive control group (p<0.01) and the
treatment group (p<0.05) when compared to the negative
control group. Moreover, comparison between the positive
control and treatment groups showed a statistically significant
increase in body weight in the treatment group (p<0.05).

View Article online

3.2. Daily water intake and 24-hour urine output findings

Daily water intake and 24-hour urine output were mea-
sured at the same time cach day for all experimental animals.
In the negative control group, the average water intake ranged
between 25 and 30 mL. In contrast, the positive control and
treatment groups showed an initial increase in water con-
sumption, followed by a decrease between Days 4 and 8.

After discontinuation of AC on Day 8, a sharp rise in water
intake was observed, reaching approximately 50-60 mL by
Day 14. Toward Day 20, water intake declined again to around
40-50 mL Compared to the negative control group, both the
positive control and treatment groups demonstrated a statisti-
cally significant increase in water intake on Days 4, 16, and 20
(p<0.01). No significant difference in water consumption was
found between the positive control and treatment groups.

When examining daily urine output, rats in the negative
control group exhibited a consistent range of 7-10 mL/day
throughout the study period. In both the positive control and
treatment groups, urine volume increased proportionally with
water intake until Day 4, followed by a decline until Day
8. After the cessation of AC on Day 8, a notable increase in
urine output was observed, rising to an average of 20-25 mL,
in parallel with the increase in water consumption (Figure 3).

When urine volumes were statistically compared across
groups, a significant increase was detected in the positive

The weights of the rats

Therapeutic effect
Positive CoNtrol

Negative Control | —————————————
0 100 200 300

m0day m20day

Figure 1. Body weight changes between Day 0 and Day 20 in
the experimental groups.

Daily water consumption

Therapeutic effect I ————

Positive CoNtrol | ———

Negative control [ —
0 20 40 60

m(Qday ®20day

Figure 2. Water consumption trends from Day 0 to Day 20.
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control and treatment groups on Days 4, 8, and 12 (p<0.05)
and on Days 16 and 20 (p<0.01) compared to the negative
control group. The treatment group had the highest average
urine output, correlating with the elevated water consump-
tion compared to other groups.

3.3. Biochemical analysis findings
Urinary biochemical parameters were measured in all exper-

imental groups on Days 0, 4, 8, 12, 16, and 20. The results are
presented below in both graphical and tabular formats.

View Article online

Daily urination

Therapeutic effect —————

Positive control i —

Negative contro| i —

=0 day =20 day

0 5 10 15 20 25

Figure 3. Daily urine volume from Day 0 to Day 20 in all

experimental groups.
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Figure 4. Urinary biochemical analysis results.
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3.4. Urinary Ca levels

In the positive control group, urinary Ca levels showed a
marked decline beginning on Day 8, which is considered a
typical indicator of kidney stone formation. A similar initial
decrease was observed in the treatment group; however, start-
ing from Day 12, Ca levels demonstrated recovery and stabi-
lization. This suggests a potential regulatory effect of Gilaburu
on Ca metabolism.

3.5. Urinary uric acid levels

A general decrease in urinary uric acid levels was
observed over time in all groups, with no statistically sig-
nificant differences between them. These findings show that
Gilaburu extract does not exert a prominent effect on uric
acid levels.

3.6. Urinary Mg levels

The positive control group showed a decline in urinary Mg
excretion, whereas this reduction was less pronounced in the
treatment group. Moreover, a gradual recovery in Mg levels
was noted over time in treated animals. These results suggest
that Gilaburu may help support Mg levels, a known inhibitor
of stone formation.

3.7. Urinary Cr levels

Cr levels remained high and stable in the negative control
group. In contrast, both the positive control and treatment
groups exhibited a significant decline in urinary Cr, reflecting
possible impairment of renal function due to stone forma-
tion. The limited recovery of Cr levels in the treatment group
suggests that Gilaburu may have a minimal or indirect effect
on this parameter.

3.8. Urinary oxalate levels

A substantial increase in urinary oxalate levels was
detected in the positive control group, consistent with
active stone formation. In the treatment group, oxalate lev-
els were comparatively lower and showed a fluctuating
but overall suppressed pattern. This supports the hypoth-
esis that Gilaburu may exert an inhibitory effect on oxalate
accumulation.

natural resources for human health
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3.9. Urinary citrate levels

Citrate levels, a key inhibitor of stone formation, signifi-
cantly decreased in the positive control group, which is asso-
ciated with increased risk of stone development. In contrast,
the treatment group exhibited a notable increase in urinary
citrate levels, suggesting a protective role of Gilaburu extract
by enhancing the excretion of stone-inhibitory substances.

3.10. Serum biochemical findings

In this study, serum biochemical parameter including Cr,
uric acid, Ca, and Mg were measured and analyzed among
negative control, positive control, and treatment groups using
one-way analysis of variance (ANOVA) followed by Tukey’s
HSD post hoc test.

3.11.Cr

ANOVA revealed a statistically significant difference in
serum Cr levels among groups (p < 0.05). Tukey’s test indi-
cated that the positive control group had significantly higher
Cr levels compared to the negative control (p = 0.0310).
Although Cr levels in the treatment group were lower than
those in the positive control and approached values observed
in the negative control group, this difference was not statis-
tically significant (p = 0.0739). These findings suggest that
Gilaburu may exert a regulatory and protective effect on renal
function.

3.12. Uric acid

ANOVA shows a significant difference in uric acid levels
between groups (p < 0.05). According to Tukey’s post hoc
analysis, the positive control group had significantly elevated
uric acid levels compared to the negative control group (p =
0.0224). Although uric acid levels were reduced in the treat-
ment group, this decrease did not reach statistical significance
(p = 0.1088), implying a potentially mild corrective effect of
Gilaburu on uric acid metabolism.

3.13.Ca
No statistically significant difference was found among

groups for serum Ca levels in the ANOVA test (p > 0.05).
Similarly, no significant differences were observed in Tukey’s
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multiple comparison analysis. This suggests that systemic
Ca levels remained relatively unaffected by the experimental
model or treatment.

3.14. Mg

ANOVA showed a statistically significant difference in
serum Mg levels between groups (p < 0.05). Tukey’s analy-
sis confirmed that the positive control group had significantly
higher Mg levels compared to the negative control group.
Although the treatment group showed a moderate elevation,
the difference between the treatment and positive control
groups was not statistically significant. These results suggest
that Gilaburu may contribute to maintaining Mg balance,
which is important due to Mg’s role as a known inhibitor of
kidney stone formation.

3.15. Histopathological findings

Histological sections obtained from the kidney tissues of
animals in the negative control, positive control, and treat-
ment groups were examined. H&E staining revealed clear
differences in tissue architecture among the groups (Figures 5
and 6). Crystal formation was assessed using PZ staining

method (Figure 7A, 7B, 7C).
3.16. H-E staining findings
In the positive control group, severe damage was observed

in the proximal tubules by Day 20, including extensive
structural disruption and a high number of pyknotic nuclei.

View Article online

Tubular epithelial cells appeared flattened. The distal tubules
showed marked degeneration with prominent vacuolization
and necrosis of epithelial cells. In addition, there was signifi-
cant dilatation in both the collecting ducts and distal tubules.
In the treatment group, which received Gilaburu extract
in addition to EG after Day 8, histological appearance was
relatively better preserved compared to the positive control
group. Fewer structural irregularities were noted in both distal
and proximal tubules. While some proximal tubular damage
was still present, the distal tubules appeared relatively intact.
Tubular
more severe damage compared to those in the cortex.
Histopathological alterations in the medulla were primarily
characterized by dilatation of the collecting ducts and accu-

structures in the renal medulla exhibited

mulation of sloughed epithelial cells within the tubular lumen
(Figures 5 and 06).

3.17. Crystal quantification and PZ staining findings
When compared to the negative control group, sections

stained using the PZ method from the positive control group
exhibited both larger and more numerous crystal structures

Table 1.

Serum biochemical values in experimental groups.

Group Creatinine  Uric Acid Calcium Magnesium
(mg/dL) (mg/dL) (mg/dL) (mg/dL)

Biochemical Findings in Blood

Negative Control ~ 0.22 +0.05 1.37+0.05 10.70 +0.17  0.88 + 0.09

Positive Control ~ 0.50 +0.28 320+ 0.85 10.76+0.60  1.46 +0.56

Treatment 0.46+0.12  2.19+0.61 10.83 + 0.40 1.05+0.15

Figure 5. Hematoxylin and eosin (H&E) staining in the positive control group at x40 magnification. A: Renal cortex; B: Renal
medulla. TK: Collecting duct, DT: Distal tubule, BC: Bowman’s capsule, PT: Proximal tubule, **: Necrotic structure.

'natural resources for human health
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(B)

Figure 6. Hematoxylin and eosin (H&E) staining in the treatment group at x40 magnification. A: Renal cortex; B: Renal medulla.
TK: Collecting duct, DT: Distal tubule, BC: Bowman’s capsule, PT: Proximal tubule.

(A)

B)

Figure 7. Pizzolato’s (PZ) staining at x10 magnification. A: Negative control group, B: Positive control group, C: Treatment group.

(Figure 7B ). In contrast, the treatment group showed mark-
edly fewer crystals, and those observed were smaller in size
compared to the positive control group (Figure 7C).

Crystal counts were performed on kidney sections from
the positive control and treatment groups using PZ staining.
In the positive control group, the number of crystals per sam-
ple ranged from 1 to 147 (Table 2), with individual means
ranging between 2 and 36. In the treatment group, crystal

'natural resources for human health

counts varied from 0 to 49 per sample, with individual means
ranging from 1 to 12 (Table 2).

Since the treatment protocol aimed to intervene after crys-
tal formation had already begun (post-Day 8), the observed
reduction in crystal number in the treatment group suggests a
potential therapeutic effect of Gilaburu juice.

Statistical analysis of the mean number of crystals between
groups revealed that the positive control group had a
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Table 2.
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Crystal count results in the positive control and treatment groups. Crystal numbers were quantified based on Pizzolato-stained kidney

sections by three independent observers. Mean values reflect individual and group-level assessments.

N Researcher 1 Researcher 2 Researcher 3 Overall Mean
1 2 3 4 Mean 1 2 3 4 Mean 1 2 3 4 Mean
Positive Control
1 1 3 2 6 3 1 2 5 6 3.5 2 5 7 0 3.5 3.3
2 3 2 4 3 3 2 6 0 0 2 5 4 3 2 3.5 2.8
3 37 40 31 35 35.75 34 18 38 23 28.25 40 32 47 28 36.75 33.6
4 6 8 16 5 8.75 3 14 7 3 6.75 5 16 11 15 11.75 9.1
5 31 26 34 28 29.75 34 30 22 34 30 34 27 22 26 27.25 29
6 24 28 32 26 27.5 27 29 21 18 23.75 26 29 19 24 24.5 25.3
7 9 19 7 7 10.5 35 15 12 11 18.25 6 14 14 13 11.75 13.5
Overall Mean 16.6
Treatment Group
1 21 10 9 9 12.25 21 7 3 9 10 13 13 12 6 11 11.1
2 5 5 2 3 3.75 4 2 5 6 4.25 7 8 2 5 5.5 4.5
3 7 7 9 12 8.75 12 8 9 9 9.5 12 13 7 7 9.75 9.3
4 8 5 4 3 5 11 3 7 5 6.5 9 7 9 7 8 6.5
5 0 3 1 1 1.25 0 1 1 1 0.75 1 1 0 1 0.75 0.9
6 3 1 2 2 2 1 1 1 1 1 2 0 1 2 1.25 1.4
7 1 3 2 0 1.5 1 2 0 0 0.75 2 5 1 0 2 1.4
Overall Mean 5.0

significantly higher crystal count than the treatment group,
and this reduction was found to be statistically significant
(p < 0.05).

To assess inter-rater reliability, we calculated the Intraclass
Correlation Coefficient (ICC) using a two-way random
effects model with absolute agreement and average mea-
sures (ICC[2,k]). For the Positive Control group, the ICC
was 0.9793, indicating excellent agreement among the three
researchers. For the Treatment group, the ICC was 0.9809,
also reflecting excellent consistency across raters.

According to established thresholds, ICC values greater
than 0.90 denote excellent reliability. Thus, both groups
demonstrated very high levels of consistency in scoring,
confirming that the evaluation method produced stable and
reproducible results across different raters.

4. DISCUSSION

Plant-derived therapies have long been investigated for
their andurolithic potential. Lemon juice has been shown
to prevent stone formation in rats by increasing urinary
citrate while reducing crystal deposition and oxidative stress

(Touhami et al., 2007). The methanolic extract of Glochidion
velutinum leaves decreased urinary Ca and oxalate levels and
protected renal tissue in an EG-induced nephrolithiasis model
(Thatikonda et al., 2013). Herniaria hirsuta demonstrated
preventive effects against CaOx stone formation through
its diuretic and crystal-inhibitory properties (Atmani and
Silimani, 2003), whereas Berberis vulgaris bark extract reduced
hyperoxaluria-associated crystal deposition and exhibited
antioxidant activity (Yildiz, 2019). In addition, Zaraxacum
officinale inhibited CaOx monohydrate crystal growth in
vitro, suggesting that phytochemicals may directly modulate
crystallization processes (Akyol, 2016). Collectively, these
studies support the concept that plant-based compounds can
modulate urinary biochemistry, oxidative stress, and tubular
epithelial injury, thereby preventing stone formation.

V. opulus (VO; Gilaburu) has recently attracted atten-
tion for its antiurolithic properties. Most earlier studies have
used preventive rather than therapeutic models. For exam-
ple, Capkin (2014) and Ilhan et al. (2014) reported reduc-
tions in urinary oxalate and Ca levels, along with prevention
of crystal deposition, in rats treated with VO prior to stone
induction. Erdem et al. (2016) demonstrated that VO, alone
or combined with Persea americana, attenuated renal crystal
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deposition in an EG-induced nephrolithiasis model. More
recent studies have confirmed the ability of VO to prevent
CaOx accumulation and tubular injury (Ometli et al., 2023;
Sam et al., 2023). Clinically, VO has also been reported to
facilitate the passage of distal ureteral stones (Kizilay et al.,
2019; Tuglu et al., 2014).

CaOx nephrolithiasis is a multifactorial condition involv-
ing hyperoxaluria, hypocitraturia, alterations in urinary
mineral composition, oxidative stress, and tubular epithelial
injury (Coe et al., 2005; Goldberg et al., 1989; Kaufman
et al., 2008; Mitchell et al., 2019). Rat models induced with
EG and AC provide a reliable system for evaluating both pre-
ventive and therapeutic interventions, allowing the assessment
of renal histopathology, urinary biochemistry, and crystal for-
mation dynamics.

The present study makes a meaningful contribution to
the literature by evaluating sherapeutic administration of VO
juice after stone induction. VO treatment began on Day 8,
when crystal formation had already commenced, providing a
model more reflective of clinical conditions. VO significantly
improved urinary biochemical parameters by increasing
citrate and Mg levels while decreasing oxalate, Cr, and uric
acid. These changes are consistent with the high polyphe-
nolic content and antioxidant/anti-inflammatory activity of
VO (31). Notably, the increase in citrate—a key endogenous
inhibitor of crystal aggregation—is particularly important for
suppressing stone development (Goldberg et al. 1989).

Histopathological analyses revealed marked reductions in
tubular degeneration and crystal deposition in VO-treated
rats. Quantitative assessment using H&E and PZ staining,
scored blindly by independent observers, confirmed a sig-
nificant decrease in crystal burden compared with positive
controls. These findings suggest that VO may facilitate crys-
tal clearance and attenuate tubular epithelial injury, effects
also reported with lemon juice, Berberis, and Glochidion
extracts (Bashir et al. 2010;Thatikonda et al., 2013; Touhami
et al., 2007). Importantly, the present study is among the
few directly comparing VO fruit juice and aqueous extract,
demonstrating that extraction techniques may influence ther-
apeutic efficacy.

Mechanistically, VO polyphenols likely exert their pro-
tective effects through antioxidant, and-inflammacory, and
diuretic actions, thereby reducing tubular injury and CaOx
crystal retention (Hong and Qin, 2023). These mechanisms
align with findings from studies using Zaraxacum officinale,
Berberis vulgaris, and Herniaria hirsuta (Akyol, 2016; Atmani
and Silimani, 2003; Bashir, 2010). Our study offers several
novel contributions to the existing literature. First, the ther-
apeutic administration of VO following stone induction
addresses an important gap left by earlier studies that focused
exclusively on preventive models. Second, the longitudinal
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assessment of urinary promoters and inhibitors over a 20-day
period enables a dynamic evaluation of metabolic alterations
associated with stone formation. Third, the use of blinded
observers for quantitative histopathological scoring of crystal
deposition enhances methodological robustness and mini-
mizes bias. Finally, the direct comparison between VO fruit
juice and its aqueous extract provides a valuable insight
into how different extraction methods influence therapeutic
efficacy.

The observed reductions in CaOx—related parameters
and histopathological crystal burden are consistent with the
known antioxidant and anti-inflammatory profile of V. opu-
lus. Bioactive constituents such as chlorogenic and caffeic
acids, quercetin, and rutin can scavenge reactive oxygen spe-
cies, mitigate lipid peroxidation, and preserve renal epithe-
lial integrity, thereby reducing sites for crystal adhesion and
retention. Iridoids (e.g., opuloside) and saponins may further
dampen inflammatory signaling and decrease crystal aggrega-
tion via surface-active effects. In addition, organic acids (cit-
ric, malic, and tartaric) can chelate Ca and modulate urinary
chemistry, potentially lowering supersaturation and nucle-
ation. Together, these mechanisms provide a biologically plau-
sible explanation for the improvements observed in urinary
biomarkers and renal histology, aligning with prior reports
of V. opulus exerting renoprotective effects through oxidative
stress reduction, anti-inflammatory actions, and modulation
of crystal dynamics (Effatparvar, 2025; flhan et al., 2014;
Kajszczak et al., 2020; Sam et al., 2023).

5. LIMITATIONS

This study has several limitations. The relatively small sam-
ple size and short treatment duration may restrict the general-
izability of the findings. Only a single dose of Gilaburu extract
was tested, and dose—response relationships remain to be
clarified. Furthermore, while the EG/AC rat model is widely
used, it cannot fully replicate the complex pathophysiology
of human CaOx stone disease. Finally, mechanistic insights
into the molecular pathways underlying the observed effects
were not explored. Future studies with larger cohorts, longer
treatment periods, multiple dosing regimens, and mechanistic
analyses are warranted to validate and extend these findings.

6. CONCLUSION

These findings indicate that V. opulus juice may exert
antiurolithiatic effects in an EG-induced rat model through
antioxidant, anti-inflammatory, and urinary chemistry—mod-
ulating pathways. However, the results are preclinical and
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derived from a single-species, short-duration study with a sin-
gle dosing regimen. Rigorous validation in humans—through
controlled dose-finding studies, standardized extract char-
acterization, and clinical trials assessing efficacy, safety, and
reproducibilitcy—is required before any therapeutic claims or
clinical reccommendations can be made.

AUTHOR CONTRIBUTIONS

Ayse Omerli did research concept and design, collection
and/or assembly of data, writing the article, and final approval
of the article; Harun Ulger did research concept and design
and critical revision of the article; Mehtap Nisari did collec-
tion and/or assembly of data and critical revision of the arti-
cle; Hatice Susar, Arzu Hanim, and Ozge Al did data analysis
and interpretation; Gokee Seker Karatoprak did collection
and/or assembly of data and data analysis and interpretation.

ACKNOWLEDGEMENT

Not applicable.
MANDATORY DISCLOSURE ON USE OF ARTIFICIAL
INTELLIGENCE

During the preparation of this work, the author(s) used
artificial intelligence tools to check the accuracy and quality
of the English translation. After using this tool, the author(s)

reviewed and edited the content as necessary and take full
responsibility for the content of the publication.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

DATA AVAILABILITY

The data supporting the findings of this study are available
from the corresponding author upon reasonable request.

FUNDING

This study was supported by the Scientific Research
Projects Unit of Erciyes University under project code
TDK-2015-5949.

View Article online

ORCID

Ayse Omerli 0000-0003-3693-6997
Harun Ulger 0000-0003-3893-6341
Mehtap Nisari 0000-0002-1126-7478
Hatice Susar 0000-0001-9364-5948
Arzu Hanim Yay 0000-0002-0541-8372
Ozge Al 0000-0001-5292-3593
Gokee Seker Karatoprak 0000-0001-5829-6914
REFERENCES

Akyol, E., 2016. Kalsiyum oksalat monohidrat kristal bityiimesine kar-
ahindiba (Taraxacum officinale) bitkisinin etkisinin incelenmesi.
Journal of the Institute of Science and Technology. 6(3), 97-105.

Atmani, E & Silimani, Y., 2003. Prophylaxis of calcium oxalate stones
by Herniaria hirsuta on experimentally induced nephrolithiasis in
rats. BJU International. 91, 137-140.

Bashir, S., Gilani, A.H., Siddiqui, A., et al., 2010. Berberis vulgaris
root bark extract prevents hyperoxaluria-induced urolithiasis in rats.
Phytotherapy Research. 24, 1250-1255 .

Baytop, T., 1984. Tiirkiyede Bitkilerle Tedavi. Istanbul Universitesi
Yayinlari, Istanbul.

Coe, EL., et al., 2005. Kidney stone disease. Journal of Clinical
Investigation.  115(10), 2598-2608.  https://doi.org/10.1172/
JCI26662

Curhan, G.C., 2007. Epidemiology of stone disease. Urologic Clinics
of North America. 34 (3), 287-293. https://doi.org/10.1016/].
ucl.2007.04.003

Capkin, T., 2014. Deneysel sican hiperokzaliiri modelinde Viburnum
opulusun (Gilaburu) etkilerinin arastirilmast. Specialist thesis.
Siileyman Demirel University.

Ding, M., Aslan, D., igyer, N.C., Cam, M., 2012. Gilaburu suyunun
mikroenkapsiilasyonu. Gida Teknolojileri Elektronik Dergisi 7, 1-11.

Effatparvar, Z., Aydin, B., Yuca, H., et al., 2025. Comparative study
of antidiabetic and antioxidant properties of Viburnum opulus L.
and Viburnum lantana L. (Viburnaceae): LC-MS/MS profiling
of phenolic compounds. Chemistry & Biodiversity. https://doi.
0rg/10.1002/cbdv.202501794

Erdem, G., Kesik, V., Honca, T., et al., 2016. Antinephrolithiatic
activity of Persea americana and Viburnum opulus against ethylene
glycol-induced nephrolithiasis in rats. African Journal of Traditional,
Complementary and Alternative Medicines. 13(2), 110-119.

Goldberg, H., Grass, L., Vogl, R., et al., 1989. Urine citrate and renal stone
disease. Canadian Medical Association Journal. 141(3), 217-221.

Herrera, C.M., 1987. Vertebrate dispersed plants of the Iberian
Peninsula: A study of fruit characteristics. Ecological Monographs.
22, 305-331.

Hoopes, R., Reid, R., Sen, S., 2003. Quantitative trait loci for hyper-
calciuria in a rat model of kidney stone. Journal of the American
Society of Nephrology 14, 1844-1850.

Hong, S.Y. & Qin, B.L., 2023. The protective role of dietary polyphe-
nols in urolithiasis: Insights into antioxidant effects and mecha-
nisms of action. Nutrients. 15(17), 3753. https://doi.org/10.3390/
nul5173753

flhan, M., Ergene, B., Demirel, M., et al., 2014. Preclinical eval-
uation of antiurolithiatic activity of Viburnum opulus L. on

Natural Resources for Human Health 2026, 6, 54-65 | 64


https://doi.org/10.53365/nrfhh/217476
https://orcid.org/0000-0003-3693-6997
https://orcid.org/0000-0003-3893-6341
https://orcid.org/0000-0002-1126-7478
https://orcid.org/0000-0001-9364-5948
https://orcid.org/0000-0002-0541-8372
https://orcid.org/0000-0001-5292-3593
https://orcid.org/0000-0001-5829-6914
https://doi.org/10.1172/JCI26662
https://doi.org/10.1172/JCI26662
https://doi.org/10.1016/j.ucl.2007.04.003�
https://doi.org/10.1016/j.ucl.2007.04.003�
https://doi.org/10.1002/cbdv.202501794�
https://doi.org/10.1002/cbdv.202501794�
https://doi.org/10.3390/nu15173753�
https://doi.org/10.3390/nu15173753�

A.Omerli et al.

sodium oxalate-induced urolithiasis rat model. Evidence-Based
Complementary and Alternative Medicine 2014, Article ID 123456.

Kajszczak, D., Zaklos-Szyda, M., Podsedek, A., 2020. Viburnum opu-
lus L.—A review of phytochemistry and biological effects. Nutrients.
12(11), 3398. https://doi.org/10.3390/nul2113398

Kaufman, D.W., Kelly, J.P, Curhan, G.C., et al., 2008. Oxalobacter
formigenes may reduce the risk of calcium oxalate kidney stones.
Journal of the American Society of Nephrology. 19(6), 1197-1203.
https://doi.org/10.1681/ASN.2007101058

Khan, S.R., 1997. Animal models of kidney stone formation: An analy-
sis. World Journal of Urology. 15, 236-243.

Khan, S.R., 2013. Reactive oxygen species as the molecular modula-
tors of calcium oxalate kidney stone formation. Journal of Urology.
189(3), 803—811.https://doi.org/10.1016/j.juro.2012.05.078

Kizilay, E, Ulker, V., Celik, O., et al., 2019. The evaluation of the effec-
tiveness of Gilaburu (Viburnum opulus L.) extract in medical expul-
sive treatment of distal ureteral stones. Turkish Journal of Urology.
45(Suppl. 1), S63-S69. https://doi.org/10.5152/tud.2019.23463

Koursh, A., Gordon, M., Frank, P, et al., 2004. Outcome of small
residual stone fragments following shock wave lithotripsy in chil-
dren. Journal of Urology. 172, 1600-1603.

Mitchell, T., Kumar, P, Reddy, T., et al, 2019. Dietary oxalate
and kidney stone formation. American Journal of Physiology-
Renal Physiology. 316(3), F409-F413. https://doi.org/10.1152/
ajprenal.00373.2018

Omerli, A., Ulger, H., Nisari, M., et al., 2023. Could juice from
Viburnum opulus potentially prevent the formation of kidney
stones? An animal study. Natural Resources for Human Health. 3,

379-386. https://doi.org/10.53365/nrthh/170923

View Article online

Sezik, E., Yesilada, E., Honda, G., et al., 2001. Traditional medi-
cine in Turkey X: Folk medicine in Central Anatolia. Journal of
Ethnopharmacology. 75, 95-115.

Soylak, M., Elci, L., Saracoglu, S., Divrikli, U., 2002. Chemical analysis
of fruit juice of European cranberry bush (Viburnum opulus) from
Kayseri, Turkey. Asian Journal of Chemistry. 14, 135-138.

Sam, E., Eksi, M., Akkas, E, et al., 2023. The effects of Viburnum
opulus L. on kidneys of rats with ethylene glycol-induced neph-
rolithiasis. New Journal of Urology. 18(3), 216-229. https://doi.
0rg/10.33719/yud.2023-18-3-1345876

Takawale, R.V., Mali, V.R., Kapase, C.U., Bodhankar, S.L., 2012.
Effect of Lagenaria siceraria fruit powder on sodium oxalate-induced
urolithiasis in Wistar rats. Journal of Ayurveda and Integrative
Medicine. 3, 75-79.

Thatikonda, V., Rao, R.N.N., Babu, A.N., et al., 2013. Antiurolithiatic
activity of methanolic extract of dried leaves of Glochidion veluti-
num using ethylene glycol-induced rats. International Journal of
Biological Research. 4 (12), 878-884.

Touhami, M., Laroubi, A., Elhabazi, K., et al., 2007. Lemon juice has
protective activity in a rat urolithiasis model. BMC Urology. 7, 1.
Tuglu, D., Yilmaz, E., Yuvanc, E., et al., 2014. Viburnum opulus:
Could it be a new alternative, such as lemon juice, to pharmaco-
logical therapy in hypocitraturic stone patients? Archivio Italiano di
Urologia e Andrologia 86(4), 2 97-299. https://doi.org/10.4081/

aiua.2014.4.297

Yildiz, R., 2019. Gilaburu (Viburnum opulus L.)’nun farmakolojik
acidan degerlendirilmesi. Bulletin of Veterinary Pharmacology and
Toxicology Association. 10 (1), 16-23.

Natural Resources for Human Health 2026, 6, 54-65 | 65


https://doi.org/10.53365/nrfhh/217476
https://doi.org/10.33719/yud.2023-18-3-1345876�
https://doi.org/10.33719/yud.2023-18-3-1345876�
https://doi.org/10.4081/aiua.2014.4.297�
https://doi.org/10.4081/aiua.2014.4.297�
https://doi.org/10.3390/nu12113398�
https://doi.org/10.1681/ASN.2007101058�
https://doi.org/10.1016/j.juro.2012.05.078�
https://doi.org/10.5152/tud.2019.23463�
https://doi.org/10.1152/ajprenal.00373.2018�
https://doi.org/10.1152/ajprenal.00373.2018�
https://doi.org/10.53365/nrfhh/170923

	_Hlk215228118
	_Hlk221791820
	_Hlk221791280

