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Introduction: Urolithiasis is a widespread health problem with a high recurrence and is a clinical condition that
can progress to renal failure. This study aimed to investigate whether Ononis spinosa L. has a litholytic effect on
kidney stones with different chemical patterns.
Materials and methods: Urinary stones extracted from seven patients over 18 years of age during surgery were
used as the study material. Each urinary stone was divided into two parts, one of which was left in a solution
prepared with O. spinosa L. and the other constituted the control sample. The amount of calcium, phosphor and
uric acid passing through each solution was detected by spectrophotometric analysis to assess its efficiency and
determine whether or not the urinary stones were dissolved in the solution. The chemical compositions of the
urinary stones were analyzed using reflectance Fourier transform infrared spectroscopy. To the best of our
knowledge, this is the first study to investigate the litholytic effect of O. spinosa L. on kidney stones.
Results: The passage of calcium, phosphate and uric acid through the solution containing O. spinosa L. was found
to be statistically significant by spectrophotometry (p < 0.05) for all seven kidney stone samples left in the
solution, and it was observed that the dissolution rates of the four stones with uric acid were higher than others.
Conclusion: The results of this study showed that O. spinosa L. may have a litholytic effect on kidney stones.

1. Introduction
Urinary stone disease is an important clinical pathology in both
adults and children, and its prevalence has been rising across the globe.
The overall prevalence of this disease varies according to geographical
regions,but has been reported to range from 4% to 20 % in developed
countries (Trinchieri, 2008). Recurrent stone formation constitutes an
important risk in the treatment of patients with urolithiasis. If prophylactic measures do not apply, re-stone formation is observed in
approximately 40 % of patients within 3 years after the first stone
formation and approximately 75 % in 10 years and nearly all within 25
years. The most common types of urinary stones are calcium phosphate
and calcium oxalate, and the others include magnesium ammonium
phosphate (struvite), uric acid or cysteine derivatives (Sellaturay and
Fry, 2007; Leye et al., 2007). Epidemiological data indicate that 60–80
% of the stones are predominantly calcium oxalate (CaOx), followed by
struvite at 10–15 %, uric acid at 3–10 % and cysteine at 0.5–1 %
(Daudon et al., 1993; Kara et al., 2016; Pareta et al., 2011). Stone
formation occurs when the salts formed by the stones exceed the stability limit of urine concentrations. This is most often due to

⁎

overabundance of one or more of the stone components, insufficient
inhibitory activity in the urine, or low urine volume causing excessive
urine concentration (Scheinma, 2003). Several therapies are used to
prevent recurrence of hypercalciuria- and hyperoxaluria-induced
stones, but scientific evidence for their efficacy is not conclusive. On the
other hand, endoscopic stone extraction and extracorporeal shock wave
lithotripsy (ESWL) were investigated in the treatment of urolithiasis,
but they were not able to prevent the possibility of new stone formation
(Bashir and Gilani, 2009; Prasad et al., 2007).
The definite cause and mechanism of urolithiasis has not yet been
clarified despite extensive research in urology. In fact, the lack of a drug
that can solve this problem using modern medicine has led sufferers to
seek alternative medicine solutions to relieve their symptoms (Galib
et al., 2006). A wide variety of medicinal plants have been used in
different cultures as prophylactic and curative agents for urolithiasis.
While many solutions have some beneficial effects, their mechanisms of
action remain unclear; but the majority of research suggests the presence of a multidimensional effect. Some plant extracts have been
shown to exhibit antilithogenic properties by altering the ionic composition of the urine, reducing the calcium ion concentration, or
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Fig. 1. The images of stone sample 1 (composition: pure uric acid) analyzed by the FTIR technique on millimeter paper and the FTIR spectrum. 1a: control and 1b: in
the O. spinosa solution.

Dr. M. Bahattin Tanyolac, Ege University, Department of
Bioengineering). The solution was prepared by pouring boiling water (1
L) on 30 g powdered dried root, steeped for 30 min, and strained. The
solution was obtained at a density of 30 g/L. Each urinary stone was
divided into two parts, and one sample was left in this solution for three
days in a bain-marie at 37 °C to simulate body temperature, and the
remaining half stones used as control group.
The amount of calcium (Ca), phosphor (Ph) and uric acid passing
through the solution was determined by spectrophotometric analysis
(COBAS INTEGRA® 400 plus, Roche) in the diagnostic laboratory to
observe whether the urinary stones were dissolved in solution (Muser
et al., 2001). The O. spinosa solution in which stone samples kept were
compared with the basic (naive) O. spinosa solution with no stone
samples as control. The chemical composition of the urinary stone was
analyzed using a reference method, reflectance Fourier transform infrared spectroscopy (FTIR) with a FTIR machine (Perkin-Elmer). In this
method, first the FTIR spectrum of the stone is extracted, and then it is
compared to the data in a library containing 18,000 spectra to obtain
more detailed information about the content (Khan et al., 2018). The
constituents of the mixed stones were reported in percentage of compound.
SPSS (version 21.0), a commercially available statistical software
package (Chicago, Illinois, US), was used for data analysis. The onesample Wilcoxon signed-rank test was applied to analyze statistically
significance, which was set at <0.05.
Ethical approval for the study was obtained from the Clinical
Research Review Board of Mersin University (date: March 8, 2018; No:
2018/119)

increasing the magnesium and citrate excretion. It is indicated in limited studies that herbal medicines have beneficial effects on urolithiasis
through several mechanisms: diuretic activity, inhibition of crystallization, lithotriptic activity, improvement of renal function, regulation
of oxalate metabolism, antioxidant activity, ACE and phospholipase A2
inhibition, and antimicrobial, analgesic and anti-inflammatory activity
(Pareta et al., 2011; Ahmed et al., 2016; Barry, 1991).
In the phytotherapy of kidney stones, litholytics are used to melt
stones or prevent further retention. Lithotriptic means breaking and
disintegrating or dissolving pre-formed stones. Some herbal remedies
have been shown to destroy mucoproteins that bind the crystal to the
renal cells (Scheinma, 2003). It is also known that the herbal medicines
used in the treatment of urolithiasis have diuretic effects and some alkalize the urine. However, an in vivo study conducted in animals reported that it causes shrinkage of stone size independently of the
diuretic effect (Selvam et al., 2001; Khan et al., 2001; Viel et al., 1999).
Ononis spinosa L. is a member of the Fabaceae family and widely
grows in Europe and Mediterranean countries. It is pharmacologically
active and has been used as a diuretic agent for the reduction of kidney
stones for a long time. In vivo studies conducted in recent years have
shown that this plant has antibiotic, antifungal, antipyretic, anti-inflammatory and antiseptic properties in addition to diuretic effects and
has been used in the treatment of rheumatism, urinary tract infections,
and skin diseases. The reports published in Europe to date report no
side effects of this plant (Assessment report on Ononis spinosa L., 2013;
Yilmaz et al., 2006; ESCOP Monographs, 2009; Altanlar et al., 2006).
Although O. spinosa, known as “kayiskiran” in Turkey (Öz et al., 2017),
has been adopted as a traditional medicine for nephrolithiasis, its effect
on kidney stones is not yet clear. Therefore, in this study, the authors
aimed to investigate the direct effects of O. spinosa L. on various kidney
stones.

3. Results
The results of samples 1–7 analyzed by the FTIR technique are
presented in Figs. 1–7, respectively.
Sample 1:
1a (control): Color: Light brown Dimensions: 3.6 × 2.4 cm
Consistency: hard-pressed
Composition: Pure uric acid (C5H4N403).
1b (in plant solution): Color: Light brown Dimensions: 2.9 × 2.0 cm
Consistency: easily pressed
Composition: Pure uric acid (C5H4N403).
As we compared the O. spinosa solution in which sample 1b was kept

2. Materials and methods
Retrospective file screening was carried out at Mersin University
Faculty of Medicine Urology Department, and urinary stones that had
been surgically removed from seven patients over 18 years of age were
used as research material.
The root of O. spinosa L. is used as crumbled herb for tea preparation
(Herbarium number: BM373, Locality: Ege University Campus,
Bornova/İzmir, Colection Year: 2012, Taxonomic identification: Prof.
2

Journal of Herbal Medicine 22 (2020) 100345

I. Bashan and M. Bozlu

Fig. 2. The images of stone sample 2 (composition: uric acid and whewellite, calcium oxalate monohydrate) analyzed by the FTIR technique on millimeter paper and
the FTIR spectrum. 2a: control and 2b: in the O. spinosa solution.

with the basic (naive) O. spinosa solution by spectrophotometric analysis in order to observe dissolving of the stone, it was found that there
was significant passage of uric acid through the solution (uric acid: 0.01
mg/dl vs. 55.68 mg/dl, p < 0.05) (Fig. 8).
Sample 2:
2a (control): Color: Light brown Dimensions: 1.3 × 1.1 cm (the
largest) Consistency: hard-pressed
Composition: 75 % Uric acid (C5H4N403), 25 % whewellite, calcium
oxalate monohydrate (CaC2O4.H2O)
2b: (in plant solution): Color: Light-Brown Dimensions: 1.3 × 1.0
cm (the largest) Consistency: easily pressed
Composition: 60 % Uric acid (C5H4N403), 40 % whewellite, calcium
oxalate monohydrate (CaC2O4.H2O)
Compared to the basic (naive) solution, it was determined that the
amounts of Ca and uric acid that passed through the solution in which

sample 2b was kept were significant (Ca: 1.55 mg/dl vs. 4.13 mg/dl and
uric acid: 0.01 mg/dl vs. 7.74 mg/dl, p < 0.05) (Fig. 8).
Sample 3:
3a (control): Color: Light brown Dimensions: 1.1 × 1.0 cm
Consistency: hard-pressed
Composition: 50 % Whewellite, Calcium oxalate monohydrate
(CaC2O4.H2O)
50 % Weddellite, Calcium oxalate dihydrate (CaC2O4.2H2O)
3b (in plant solution): Color: Light-Brown Dimensions: 1.1 × 1.0 cm
Consistency: easily pressed
Composition: 50 % Whewellite, Calcium oxalate monohydrate
(CaC2O4.H2O)
50 % Weddellite, Calcium oxalate dihydrate (CaC2O4.2H2O)
According to the Ca ion values, there was a statistically significant
passage of Ca through the solution for sample 3b compared to the basic

Fig. 3. The images of stone sample 3 (composition: whewellite, calcium oxalate monohydrate and weddellite, calcium oxalate dihydrate) analyzed by the FTIR
technique on millimeter paper and the FTIR spectrum. 3a: control and 3b: in the O. spinosa solution.
3
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Fig. 4. The images of stone sample 4 (composition: whewellite, calcium oxalate monohydrate and carbonate apatite, calcium phosphate) analyzed by the FTIR
technique on millimeter paper and the FTIR spectrum. 4a: control and 4b: in the O. spinosa solution.

(naive) solution. (Ca: 1.55 mg/dl vs. 4.06 mg/dl, p < 0.05) (Fig. 8).
Sample 4:
4a (conrol): Color: Light brown Dimensions: 0.6 × 0.5 cm
Consistency: easily pressed
Composition: 50 % Whewellite, calcium oxalate monohydrate
(CaC2O4.H2O)
50 % Carbonate apatite, calcium phosphate (Ca10(PO4)6.CO3)
4b (in plant solution): Color: Light brown Dimensions: 0.7 × 0.6 cm
Consistency: easily pressed
Composition: 50 % Whewellite, calcium oxalate monohydrate
(CaC2O4.H2O)
50 % Carbonate apatite, calcium phosphate (Ca10(PO4)6.CO3)
The Ca and Ph values of the O. spinosa solution in which sample 4b
was kept measured by the spectrophotometric method were found to be
statistically significant compared to the basic (naive) solution (Ca: 1.55
mg/dl vs. 3.78 mg/dl, Ph: 0.81 mg/dl vs. 2.06 mg/dl, p < 0.05)

Fig. 5. The images of stone sample 5 (composition: pure whewellite, calcium
oxalate monohydrate) analyzed by the FTIR technique on millimeter paper and
the FTIR spectrum. 5a: control and 5b: in the O. spinosa solution.

Fig. 6. The images of stone sample 6 (composition: whewellite, calcium oxalate monohydrate and uric acid stone) analyzed by the FTIR technique on millimeter
paper and the FTIR spectrum. 6a: control and 6b: in the O. spinosa solution.
4
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Fig. 7. The images of stone sample 7 (composition: uric acid and whewellite, calcium oxalate monohydrate) analyzed by the FTIR technique on millimeter paper and
the FTIR spectrum. 7a: control and 7b: in the O. spinosa solution.

Fig. 8. The values of calcium, phosphor and uric acid passing from the kidney stone samples through the O. spinosa solution analyzed by spectrophotometry.

(Fig. 8).
Sample 5:
5a (control): Color: Light brown Dimensions: 2.4 × 2.2 cm
Consistency: hard-pressed
Composition: Pure whewellite, calcium oxalate monohydrate
(CaC2O4.H2O)
5b (in plant solution): Color: Brown Dimensions: 3 × 2.5 cm
Consistency: hard-pressed
Composition: Pure whewellite, calcium oxalate monohydrate
(CaC2O4.H2O)
The amount of Ca passing through the solution for sample 5b was
found to be statistically significant when compared with the basic
(naive) solution (Ca: 1.55 mg/dl vs. 3.67 mg/dl, p < 0.05) (Fig. 8).
Sample 6:
6a (control): Color: Brown Dimensions: 1.3 × 1.1 cm (the largest)
Consistency: hard-pressed
Composition: 50 % Whewellite, calcium oxalate monohydrate
(CaC2O4.H2O)
50 % Uric acid (C5H4N4O3)
6b (in plant solution): Color: Light brown Dimensions: 1.6 × 1.6 cm

(the largest) Consistency: easily pressed
Composition: 70 % Whewellite, calcium oxalate monohydrate
(CaC2O4.H2O)
30 % Uric acid (C5H4N4O3)
In spectrophotometric analysis, it was found that the passage of Ca
and uric acid through the plant solution for stone sample 6b was statistically significant compared to the basic (naive) solution. (Ca: 1.55
mg/dl vs. 3.52 mg/dl vs. uric acid: 0.01 mg/dl vs. 16.15 mg/dl, p <
0.05) (Fig. 8).
Sample 7:
7a (control): Color: Light brown Dimensions: 2.0 × 1.5 cm (the
largest) Consistency: easily pressed
Composition: 85 % Uric acid (C5H4N4O3)
15 % Whewellite, calcium oxalate monohydrate (CaC2O4.H2O)
7b (in plant solution): Color: Light brown Dimensions: 1.3 × 1.2 cm
(the largest) Consistency: easily pressed
Composition: 75 % Uric acid (C5H4N4O3)
25 % Whewellite, Calcium oxalate monohydrate (CaC2O4.H2O)
The amounts of Ca and uric acid that passed through the O. spinosa
solution for sample 7b were found to be statistically significant when
5

Journal of Herbal Medicine 22 (2020) 100345

I. Bashan and M. Bozlu

compared with the basic (naive) solution. (Ca: 1.55 mg/dl vs. 3.85 mg/
dl and uric acid: 0.01 mg/dl vs. 15.45 mg/dl, p < 0.05) (Fig. 8).
In the spectrophotometric analysis, dissolution was detected in all
stone samples which had been kept in the O. spinosa solution.
Furthermore, the amounts of Ca, phosphor and uric acid were significantly increased in O. spinosa solution which stone samples were
kept in compared to the basic (naive) O. spinosa solution. However, the
rate of passage was higher in pure and mixed uric acid stones (samples
1, 2, 6, and 7) than in the remaining samples. In addition, the percentage of uric acid in the mixed-type stones (samples 2, 6, and 7) was
lower.

The amount of uric acid in the solution was significantly higher.
In mixed stones containing concentrated uric acid (samples 2, 6, and
7), the reduced percentage of uric acid in the samples was correlated
with the statistically significant passage of uric acid to the solution. In
the Ca and phosphate-containing stone samples, although there was a
statistically significant change in the solution, no change was observed
in the percentages of Ca and phosphate in general (samples 3–5).
However, it is considered that in the uric acid-Ca mixed stones (samples
2, 6, and 7), the percentage increase in the Ca ratios was caused by the
decrease in the ratio of uric acid.
5. Conclusion

4. Discussion

To the best of the authors knowledge, this is the first in vitro study to
evaluate the direct effect of O. spinosa L. on human kidney stones. The
results of this study showed that O. spinosa L. may have a litholytic
effect on kidney stones, especially on the uric acid compound. If this
study is supported by more clinical studies, the use of this plant after
surgery may be recommended to prevent recurrence. The limitations of
this study include the relatively small sample size and lack of experiments under in vivo conditions. The obtained data should be confirmed
by further animal experiments and clinical trials.

The results of this study provide evidence that O. spinosa L. may
have a litholytic effect on kidney stones. This study is significant being
the first in vitro study to be performed on human kidney stones to assess
the effect of O. spinosa L. on different chemical patterns of kidney
stones.
A limited number of animal studies conducted with various medical
plants have evaluated the effects of these plant species on urolithiasis.
However, there are still no clinical trials evaluating the efficacy and
safety of these plants, and therefore there is not enough data to develop
an effective molecule. Surgery and ESWL lithotripsy in the treatment of
urinary stones is the most effective treatment modality; however, recurrence of stones constitutes a significant problem. Medical plants and
products can reduce the recurrence rate of kidney stones. The fact that
urolithiasis is a multi-etiological pathology and stones have different
chemical compositions may require the use of active substances derived
from several plant species (Tiselius et al., 2001; Yadav et al., 2011).
O. spinosa L. has been traditionally used for the irrigation therapy
for inflammatory diseases of the lower urinary tract and as a diuretic
agent in the infections of the urinary tract and treatment of small stones
in the kidney and bladder. Although there is some research that investigated O. spinosa L., the effects of this plant on the urinary tract has
only been investigated in in vivo animal studies and its diuretic effect
has been reported in old scientific papers. It was shown that the ethanolic extract of O. spinosa L. (p.o.) significantly increased urinary volume by 103 % (p < 0.05) in mice and rats compared to the control, but
it had no effect on sodium or potassium excretion (Bolle et al., 1993).
In another study, the results demonstrated moderate diuretic and
saluretic activity of O. spinosa L., which was attributed to its content of
potassium salts and flavonoids. Oral administration of infusions of this
plant had a slightly diuretic effect, for which its essential oil was considered responsible. Another study suggested that genistein, a component of O. spinosa L., had a comparable diuretic action with furosemide
(Assessment report on Ononis spinosa L., 2013). The current knowledge
about the diuretic activity of this plant has leds to its use as a mild
diuretic in the short-term treatment of lower urinary tract disorders
(Pareta et al., 2011). O. spinosa also contains stigmasterol and related
compounds (Assessment report on Ononis spinosa L., 2013), and in a
recent study conducted by Manjula et al., stigmasterol (and lupeol)
isolated from Costus igneus (stem) was found to have an inhibitory effect
on calcium oxalate urinary stones (Manjula et al., 2012).
The current study aimed to investigate the direct effect of O. spinosa
L. on kidney stones, rather than focusing on its diuretic activity.
Therefore, kidney stone samples obtained by surgery were analyzed by
FTIR spectroscopy, which is the gold standard for stone analysis
(Tamošaitytė et al., 2013; Primiano et al., 2014), the compositions of
the stone samples were determined, and the stone contents in O. spinosa
L. solutions were identified by spectrophotometry. The analysis of the
passage of stone contents into the solutions showed that the stones were
dissolved in those prepared with O. spinosa L. The kidney stone samples
were composed of uric acid, whewellite, weddellite, and calcium
phosphate, and dissolution was statistically significant in all stone
samples; however, O. spinosa L. had a greater effect on uric acid stones.
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