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Evaluating the efficacy of cherry stem extracts against calcium oxalate monohydrate
crystallization in kidney stone treatment
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Urethritis is one of the oldest known diseases of urinary stone formation. Urinary system stone disease ranks third
among urinary diseases after urinary infection and prostate diseases. Calcium oxalate monohydrate (COM) crystals are
known to be the main cause of urinary tract and kidney stones. In addition to the fact that surgical methods and drug
treatments used in the treatment of kidney stones are painful and costly, the fact that traditionally used herbs are thought
to be natural and harmless, has led to an increased interest in herbal medicines in recent years. Dried cherry stems have
diuretic properties and can be used in the treatment of kidney stones reported in Iranian Traditional Medicine documents.
When infused in hot water, they can be used as an herbal remedy in the treatment of high blood pressure and kidney stone
disease. In the light of this information, in this study, the effects of cherry stem extracts as a natural additive on the growth
of calcium oxalate monohydrate (COM) crystals, which is of great importance in investigating the crystallization
mechanism in terms of biomineralization, was investigated in vitro. Structural characterizations of CaOx crystals were
performed by FT-IR analyses, and morphological characterization and morphological changes were investigated by SEM
images. The in vitro inhibitory effect of extracts of natural additives on calcium oxalate crystallization was determined
by the time course of concentration measured in solution at extract concentrations of 0.5, 1, 5, 10 and 50 mL. Our findings
demonstrate that cherry stem extracts significantly inhibit COM crystal growth and promote the formation of calcium
oxalate dihydrate (COD) crystals, which are more easily excreted from the body.
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INTRODUCTION Calcium oxalate monohydrate (COM) crystals
are known as the main cause of urinary tract and
kidney stones [10]. Calcium oxalate accounts for
approximately 70-80% of urinary stones [10, 11].
Calcium oxalate stones are usually small, rough,
hard, yellow-brown-gray colored stones with spiny
protrusions and are the most abundant, most difficult
to treat and most difficult to understand among
calcium oxalate crystals [10-12]. Two main steps in
stone formation are clearly distinguished. The first is
the formation of a nucleus by a number of particles
in the solid phase retained in the kidney, and the
second is the development of a kidney stone as a
result of the continuous deposition of CaOx on the
nucleus. Under these conditions, molecules that
prevent crystal growth (inhibitors) significantly
reduce the formation of nuclei [13, 14]. Preventing
the formation and enlargement of calcium oxalate
monohydrate (COM) crystals, or the transformation
of COM nuclei into calcium oxalate dihydrate
(COD) crystals which are less stable, is effective in
stopping the formation of kidney stones [15]. In
many previous studies it has been determined that

Urinary tract and kidney stone formation is one
of the most common and important clinical problems
known since ancient times [1]. Records of bladder
and kidney stones were found in Egyptian mummies
dating back to 4800 BC [2]. Kidney stones are a
major health issue [3]. Urinary stone development is
a prevalent worldwide health issue that can impact
individuals of all ages [4]. Urinary system stone
disease is the third most common urinary disease,
following urinary infection and prostate diseases [5].
In mature men, the likelihood of developing stones
is 20%, whereas in women it ranges from 5% to
10%. The incidence of nephrolithiasis recurrence is
predicted to range from 50% to 80% within 5 years
after the first formation of the stone [6]. The global
incidence of this condition appears to be rising in
both males and females mostly as a result of a
sedentary lifestyle, eating patterns, and issues related
to global warming [7, 8]. The United States incur an
estimated annual economic impact of over $5 billion
due to kidney stones [9].
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the crystals in the COD structures can be readily
eliminated from the body by urine [16]. Although
there are now effective treatments that can eliminate
the vast majority of kidney stones, this issue persists
and impacts on a significant number of individuals.
For this reason, many studies have been conducted
to prevent the formation of calcium oxalate stones
and to elucidate the impact of various additives on
calcium oxalate crystallization. In this context,
plants attract attention as natural additives [17, 18].

Plants, algae and fungi have been used as
medicines for the treatment of various diseases
throughout human history [19]. The use of plants for
relief and treatment of various diseases dates back to
ancient times [20]. Especially in recent years, the
clinically proven immunomodulatory, adaptogenic
and antimutagenic properties of plants and herbal
medicines have led to an increased interest in herbal
medicines among people [21]. Plants, on the other
hand, are considered to be very safe with little or no
toxic properties. Their costs are low and they are
readily available [6]. All these reasons have
increased the popularity of herbal medicines in
recent years [21].

In the preparation of herbal medicines, various
parts of plants, even whole plant, root, leaf, stem are
used, while tablets, powders, boiling of fresh or dry
parts and extracts are the most common methods
[20]. Cherry is a plant belonging to the genus Prunus
of the Rosaceae family whose Latin name is Prunus
Avium. In addition to its rich mineral content, it
contains high amounts of vitamins A, B group, C and
anthocyanin, which show antioxidant properties
[22]. The skin and stem of cherries are a natural
source of biogenic substances and antioxidants [23].
Dried cherry stem has a unique simple chemical
structure and excellent biochemistry. It has an
uncomplicated, regular and distinct cellulosic
structure. The low and independent content of active
substances makes cherry stem a powerful
therapeutic herb. Dried cherry stem facilitates both
circulation and removal of toxins from the body.
Apart from these, it is effective against prostate
hyperthyroidism causing residual urine and
difficulty in urination caused by bladder neck
obstruction [24]. The stems of the cherry fruit are
sold as herbal medicine in Iran and are used against
kidney stones, edema and hypertension. Due to the
high flovanoid and potassium content of cherry
stems, they have a mild diuretic effect and can be
used in the treatment of kidney stones, reported in
Iranian Traditional Medicine documents [24-26].

For all these reasons, calcium oxalate
crystallization has been an important topic of interest
to researchers in biomineralization. In this study, the

effects of cherry stem as a natural additive to calcium
oxalate crystallization, which is very important in
terms of biomineralization, were investigated.

MATERIALS AND METHODS
Materials

Calcium chloride (CaCl,.2H,O) and sodium
oxalate (Na>C»04) obtained from J. T. Baker were
used in the experiments. Dried cherry stalks were
used as natural additives. 0.2 um polyamide filter
paper was used for filtration. Plant extracts were
frozen and stored. They were thawed and used
immediately before the experiments.

Methods

Spontaneous crystallization method was used in
this study to evaluate the effect of cherry stem
extract on calcium oxalate monohydrate
crystallization process. First of all, 10 g of cherry
stem used as a natural additive was heated at 100 °C
for 15 min. Then, the solution obtained was filtered
through 0.2 um polyamide filter paper and extracted
to obtain cherry stem extract. The plant extracts
obtained were frozen and stored. They were thawed
immediately before the experiments.

Crystallization experiments were initiated by
mixing equal molarities of CaCl, and Na,C,Oq
solutions. An automatic temperature-controlled
water bath was used to keep constant temperature of
the 1 L double walled glass reactor used in the
experiments. During the reaction, the temperature
was kept constant at 37+0.1°C based on human body
temperature. Stirring throughout the reaction was
achieved with a magnetic stirrer.

During the  experiments, conductivity,
temperature and pH values were recorded using a
computer with the "Multi-Lab pilot" program. Using
the data obtained, conductivity vs. time graphs were
plotted without and with additives. The experiments
were repeated three times for consistency of the
results.

The crystallization rate obtained without
additives was defined as (Ro) and the crystallization
rate obtained with additives was defined as (R) and
the Ro/R ratios were calculated by finding the slope
values from the graphs drawn.

Each of the experiments was carried out for 6 h.
At the end of the 6™ h, the crystals formed in the
solution were filtered through a 0.2 pm polyamide
membrane filter. The crystals were washed with
distilled water to remove the saturated solution. The
obtained samples were dried in a 60°C vacuum oven
for 24 h and stored in a desiccator.
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The morphology and size of the crystals obtained
were examined by scanning electron microscopy
(SEM) images.

RESULTS AND DISCUSSION

Effect of the amount of cherry stem extract on the
crystallization rate at constant initial
supersaturation

In order to investigate the effect of cherry stem
extract on calcium oxalate crystallization, 2 series of
experiments were performed for constant initial
supersaturation experiments. The first series of
experiments were carried out at concentrations of
CaCl,.2H,0 and Na,C;04 at 3.25.10* M and the
second series of experiments at 6.5.10* M. 0.1 ml,
0.5 ml, 1 ml, 5 ml, 10 ml and 50 ml of cherry stem
extract, respectively.

Conductivity vs. time graphs and the effect of
cherry stem extract on the crystallization rate at
3.25.10* and 6.5.10* initial supersaturation are
given in Figures 1 and 2, respectively. In the
experiment with 0.1 ml of cherry stem extract, the
delay time was 1 min, in the experiment with 0.5 ml
of cherry stem extract the delay time was 1.5 min, in
the experiment with 1 ml and 5 ml of cherry stem
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extract the delay time was 2 min. In the experiment
with 10 ml of cherry stem extract, it was observed
that the delay time was spread over almost the entire
6 h, and in the experiment with 50 ml of cherry stem
extract, crystallization was completely stopped.

Effect of initial supersaturation on the
crystallization rate

In the experiments carried out to investigate the
effect of initial supersaturation on the crystallization
rate, the temperature and stirring conditions were not
changed. In the experiments, 10 ml of cherry stem
extract was used for easy observation of the results.
CaCl.2H,O and Na,C,O4 starting solutions of
3.5.10* M, 4.5.10* M, 5.5.10* M and 6.5.10* M,
respectively, were used. Conductivity vs. time
graphs obtained as a result of the experiments are
given in Figure 3.

When the initial supersaturation was increased in
the experiments without additive, an increase was
observed in the rate of crystallization. However, in
the experiments with a constant cherry stem extract
additive, it was observed that increasing the initial
supersaturation reduced the inhibitory effect of the
cherry stem extract on the crystallization rate.

(=]
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Figure 1. Graphs of conductivity vs. time (A) and R./R-cherry stem extract (B) at experiments at 3.25.10"* M initial

supersaturation
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Figure 2. Graphs of conductivity vs. time (A) and Ro/R-cherry stem extract (B) at experiments at 6.5.10% M initial

supersaturation
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Figure 3. Conductivity vs. time graphs of experiments
with 10 ml of cherry stem extract added to calcium oxalate
solution at different initial supersaturations

SEM analysis

The crystals obtained as a result of the
experiments ~ with  natural additives  were
photographed using scanning electron microscopy
(SEM) to examine their morphology and size.
Measurements were made by averaging between 50
and 150 crystal samples taken from different parts of
the SEM photographs.

SEM images of the crystals obtained as a result
of the experiments performed with 1 ml, 5 ml, 10 ml

and 50 ml cherry stem extract additives in order to
observe the effect of cherry stem extract additive on
crystal morphologies and sizes during the formation
of calcium oxalate crystals at 3.25.10* M initial
supersaturation, are given in Figure 4. The size and
deviation of the crystals were calculated from these
images and the calculated values are given in Table
1.

In the SEM images it is seen that the crystals
obtained as a result of the experiments performed
with 1 ml and 5 ml cherry stem extract additives are
in COM structure. It is seen that some of the crystals
obtained by increasing the additive amount to 10 ml
started to form in COD structure and all of the
crystals obtained after 50 ml additive amount were
in COD structure. It is also seen in Table 1 that the
crystal sizes decreased with the increase in cherry
stem extract additive.

SEM images of the crystals obtained from the
experiments performed with 1 ml, 5 ml and 50 ml
cherry stem extract at 6.5.10% M initial

supersaturation are given in Figure 5. The size and
deviation of the crystals were calculated from these
images and the calculated values are given in Table
2.

Figure 4. SEM images of the crystals obtained with 0 ml (A), I ml (B), 5 ml (C), 10 ml (D) and 50 ml (E) cherry stem

extract additives at 3.25.10* M initial supersaturation

Table 1. Size values of calcium oxalate crystals obtained from crystallization experiments with different amounts of

cherry stem extract at 3.25.10 M initial supersaturation

Cherry stem extract amount COM COD
Width(um) | Length(um) | Width(um) | Length(um) | Diagonal(pm)
Way Lay Way Lay Day
1 ml 4.05(x1.1) | 7.70(£2.04) - - -
5ml 2.50(=0.60) | 3.15(x0.75) - - -
10 ml 2.20(%0.29) | 2.74(x0.56) | 2.71(+0.82) | 3.07(x0.70) | 3.98(+1.16)
50 ml - - 2.63(£0.8) | 2.75(£0.66) | 3.42(x1.02)
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Figure 5. SEM images of the crystals obtained with 0 ml (A), 1 ml (B), 5 ml (C) and 50 ml (D) cherry stem extract

additives at 6.5.10"* M initial supersaturation

Table 2. Size values of calcium oxalate crystals obtained from crystallization experiments with different amounts of

cherry stem extract at 6.5.10* M initial supersaturation

Cherry stem extract amount

CcoOM

COD

Width(um)

Length(um)

Width(pm)

Length(um)

Diagonal(pum)

WBV

Lav

Wav

Lav

Day

Iml

5.00(0.73)

9.43(x1.32)

5ml

4.22(+0.89)

6.21(x1.07)

50ml _

5.87(x1.95) | 7.88(x2.85) | 9.60(x2.53)

In the SEM images obtained it is observed that
the structure of the crystals obtained from the
experiments using 1 ml and 5 ml of additive is COM,
while the structure of the crystals obtained in the
experiment with 50 ml of additive is COD. In
addition, as seen in Table 2, as the amount of
additive increases, the size of the crystals decreases.

FT-IR analysis

FT-IR spectra of the crystals obtained by adding
0 ml and 50 ml of cherry stem extract at an initial
supersaturation of 6.5.10* M are given in Figure 6.

In the first spectrum, peaks belonging to the O-H
band are seen around 3480 cm™ — 3000 cm'. The
peaks seen at 1623 cm™, 662 cm”! and 599 cm’!
belong to the H-O-H vibration. The peaks seen
around 1366 cm™ and 1317 cm™ belong to the C-O
bonds in the COM structure. In the second spectrum,
the peaks belonging to the O-H band became
widespread around 3472 cm’ -3250 cm’!. Peaks
belonging to H-O-H are seen around 1619 ¢cm™ and
614 cm'. The peaks belonging to the C-O bond are
seen at 1325 cm’!. These characteristic changes
between the spectra support that the first spectrum
corresponds to the COM structure and the crystals
turn into the COD structure in the second spectrum
[27].
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Figure 6. FT-IR spectra of crystals obtained by adding
0 ml (A) and 50 ml (B) of cherry stem extract at 6.5.10
M initial supersaturation
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CONCLUSION

In order to inhibit the crystal growth of calcium
oxalate monohydrate, studies were carried out with
cherry stalks in a laboratory environment under
conditions similar to the human body and positive
results were obtained from these studies. As a result
of the experiments carried out using different ratios
of natural additives at constant initial
supersaturation, a decrease in crystal size was
observed with increasing additive concentration. It
was observed that the formation of COM crystals
gradually decreased and COD crystals were formed
as the additive concentration increased and the
formation of COM crystals was completely
prevented at high concentrations.

In the experiments performed with and without
cherry stem extracts at different initial
supersaturations, an increase in crystallization rate
and size was observed with increasing initial
supersaturation. It was observed that crystallization
rates and crystal sizes were lower in the experiments
with natural additives compared to the experiments
without additives.

As a result of the studies, it was observed that
cherry stem extract used in sufficient concentrations
was successful in preventing calcium oxalate
crystallization. The fact that the additives used are
natural, is very important for biomineralization
studies. The shrinking effect of the additives on
CaOx crystals and the conversion to COD structure
support the view that these natural additives may be
useful in the treatment of kidney stone disease.
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