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Effect of Prunus cerasus (Sour Cherry] on
Nephrolithiasis in Children: The First Noninferiority
Two-Arm Randomized Clinical Trial

ABSTRACT

Objective: The present study evaluated the effect of Prunus cerasus (sour cherry) on
children with nephrolithiasis.

Methods: We conducted a randomized noninferiority controlled trial to evaluate the
therapeutic efficacy of P. cerasus among children with nephrolithiasis. Subjects in the
intervention group received 1.25 mL/kg of cherry concentrate once daily for 2 months,
while the control group received 1 mL/kg Polycitra-K, which consists of 220 g citrate
potassium and 68 g citric acid in 1000 mL sterile water. The major outcome was sono-
graphically determined number and sizes of kidney stones, which were assessed
before and after the trial.

Results: Sixty-eight children completed the study. At trial onset, both groups were sim-
ilar in baseline characteristics (P > .05). In within-group analysis, the number of stones
significantly decreased in both groups (P < .05). After 2 months, the number of nephro-
lithiasis was 1.55 + 0.49 and 1.47 £+ 0.67 in the control and intervention groups, respec-
tively (P value=.56). The percentage of change in calculi number was 44.11 + 11.12 and
38.14 £+ 14.08 in the control and intervention groups, respectively (P value =.08). At the
end of the study, the urine pH was 6.46 + 0.99 and 6.14 + 0.83 in the control and inter-
vention groups, respectively (P value=.19). Urine calcium and uric acid concentrations
were 32.00 + 12.32 and 28.95 + 10.96 mg/mm (P value=.68) and 24.11 + 10.58 and
30.03 £ 11.39 mg/mm (P value =.012) in control and intervention groups, respectively.

Conclusion: Our clinical data supported the efficacy of sour cherry in the treatment
of nephrolithiasis compared to Polycitra-K. Future randomized controlled trials are
needed to confirm the present observation.
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Introduction

Nephrolithiasis is a common health problem with multifactorial etiologies. The exact preva-
lence of urolithiasis in children. is unknown. It has been estimated that children account for
2%-3% of stone formers worldwide." According to epidemiological studies, the prevalence of
kidney stones is about 36 to 145 per 100000 children.’ Several factors such as genetics, nutri-
tion, and hydration status of hydration affect stone formation.?

Polycitra-K is commonly used to treat several types of nephrolithiasis because it forms a sol-
uble calcium-citrate complex, thereby preventing the precipitation of calcium from urine as
either calcium phosphate or calcium oxalate. Polycitra-K prevents the formation of uric acid
and cystine stones by increasing urine pH.? Alkali citrates are effective in the treatment of
calcium oxalate, calcium phosphate, cystine, and uric acid stones. Citrates reduce urinary cal-
cium via binding to calcium. This leads to the prevention of the crystallization of calcium oxa-
late and calcium phosphate stones.* An old randomized clinical trial confirmed the efficacy
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of potassium citrate in calcium nephrolithiasis compared to placebo.®
Adherence of children to the prescribed Polycitra-K is generally chal-
lenging due to its bitter taste. In one Iranian study, only 62% of chil-
dren treated with Polycitra-K showed adequate adherence.®

The popularity of natural products for the treatment of various ill-
nesses appears to be rising. People believe that natural products
are safer and have fewer side effects than synthetic drugs. Thus,
there is a demand to study the effects of natural products with sci-
entific rigor. Sour cherries (Prunus cerasus) are native to Europe and
some parts of Asia. They are also grown in most parts of Iran. They
are rich in vitamins A, C, and E, anthocyanins, and isoflavonoids.’
Pharmaceutical properties demonstrated for sour cherries include
gastroprotective, anti-inflammatory, and antioxidant effects.>”°
Their consumption has been found to be beneficial for muscle sore-
ness after exercise, gout, arterial hypertension, and cardiovascular
diseases.'"'? Nevertheless, scientific evidence to support the clinical
use of sour cherries is scarce. Animal experiments in rats suggest a
therapeutic effect of Cerasus avium on calcium oxalate stones. For
example, Azaryan et al. found that it reduced the number and sizes
of calcium oxalate stones in rats."

Sour cherries have a considerable content of citrate compared to
other fruits." This led us to hypothesize that sour cherry may be
effective in preventing or treating patients with nephrolithiasis. If
so, the use of sour cherry extract could increase adherence due to
its better palatability compared with Polycitra-K. However, we were
unable to find a study demonstrating the efficacy of sour cherry com-
pared with Polycitra-K in patients with nephrolithiasis.

We therefore conducted the present randomized two-arm single-
blind clinical study to evaluate the therapeutic efficacy of an oral sour
cherry concentrate in children with nephrolithiasis in the form of a
noninferiority trial with Polycitra-K treatment as the reference drug.

Material and Methods

The present study was a single-blind randomized clinical trial. It was
conducted between 2020 and 2021 in a tertiary pediatric hospital,
affiliated with the affiliated with the Mashhad University of Medical
Sciences (MUMS), Mashhad, Iran. The study population comprised
children with incident urolithiasis who had not been previously
treated. The study was approved by the Medical Ethics Committee
of the Mashhad University of Medical Sciences (Approval Number:
IR.MUMS.fm.REC.1396.376; Date: September 27, 2017) and reg-
istered in the Iranian registry of clinical trials (IRCT) (Code:

MAIN POINTS

« Prunus cerasus (sour cherry) is a common and highly used fruit
worldwide which has a high content of citrate.

« Use of sour cherry for 2 months decreased the number and size
of kidney stones in children.

« Sour cherry leads to a decrease in the urine uric acid during the
intervention time.

 Sour cherry leads to an increase in the urine pH during the inter-
vention time.

« Sour cherry is not inferior to poly-citrate potassium in the treat-
ment of urolithiasis in children.

Urology Research and Practice 2024;50(2):134-138

IRCT20170415033428N5, Date: June 29, 2020). Informed consent
was obtained from all subjects and/or their legal guardian(s).
Seventy children aged 1-18 years were included. All clinical exami-
nations were performed by a single pediatric nephrologist. Patients
with urolithiasis and metabolic disorders including hyperuricos-
uria, hypercalciuria, hyperoxaluria, cystinuria, and hypocitraturia
were included. Exclusion criteria were the presence of obstructive
or infected calculi and lack of consent. A Consolidated Standards of
Reporting Trials (CONSORT) flowchart is shown in Figure 1. The con-
trol treatment was Polycitra-K (Sepidaj Pharmaceutical Company).
Controls recieved 1 mL/kg Polycitra-K, which consists of 220 g
citrate potassium and 68 g citric acid in 1000 mL sterile water. One
milliliter of Polycitra-K corresponds to 1 mmoL (2 mmEq) alkali. The
intervention was sour cherry concentrate, which was purchased
from Khoosheh Sorkhe Shargh Agro Industrial® (Tehran, Iran). The
citrate content in the cherry concentrate was 8%, as determined
by high-performance liquid chromatography (HPLC) (Testa Quality
Control Laboratories, Mashhad, Iran). Cherry concentrate dosing
in the intervention group was adjusted to match the amount of
citrate consumed by control patients. Polycitra-K had a citrate con-
tent of 10%, while the cherry concentrate had 8% citrate. Therefore,
the citrate content of 1 mL Polycitra-K was equivalent to 1.25 mL of
cherry concentrate.

Accordingly, the intervention group received 1.25 mL/kg of concen-
trate once daily for 2 months. All patients were instructed to follow
a low-sodium diet and maintain high water intake. The primary out-
come was the size and number of calculi determined by sonography
(MyLab™X8 Doppler sonography machine, Esaote, Genova, Italy). An
expert sonographer performed all ultrasound scans and was unaware
of the patient groupings. Urine analysis and sonography of the kid-
neys and urinary tract were performed at the time of enrolimentand 2
months after intervention for all patients. The following demographic
and clinical data were recorded in a data collection sheet: sex, age at
diagnosis, urine analysis (UA), and urine culture (UC) results, presence
or absence hematuria (gross or microscopic), chief complaint (rest-
less, dysuria, flank pain, vomiting, frequency, urinary tract infection

Enrollment

| Assessed for eligibility (n = 75)

Excluded (n=5)

o Not meeting inclusion criteria (n=4)

o Declined to participate (n =1)

| Randomized (N = 70) |
T

i (Allocationl] |

| Allocated to intervention (n =35) | | Allocated to control (n= 35) |

| Lost to follow up (n=6) | Follow. u; | Lost to follow up ( n=1) I

| Analysed ( n=29)

[ Analysed J Analysed (n=34) |

Figure 1. CONSORT diagram of the study.
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(UTI), poor growth and change in voiding habits), abnormal clinical
exam findings (flank mass, suprapubic pain, flank pain), family history
of urolithiasis, blood test results (serum creatinine, uric acid, calcium,
phosphorus, parathyroid hormone), and sonography findings. Urine
pH was determined using dipstick chemistry. The urine sample was
collected in the morning before breakfast. In toilet-training children,
midstream urine was collected, while in non-toilet-training children,
the sample was taken via a urine bag. All urine samples were sent to
the laboratory within the first hour of sampling.

Randomization was based on a commercial computer-generated
random sequence. Allocation concealment was done via sealed enve-
lopes. A person who was not on the research team did the patient's
assignment. An expert who was not involved in the study evaluated
primary outcomes. A 15% lesser response to treatment compared to
the control group was considered as noninferior treatment. A sample
size of 35 patients per group was considered appropriate for the ini-
tial study (a total of 70 patients).

Statistical Analysis

Data were analyzed using SPSS version 16.0 (SPSS Inc.; Chicago, IL,
USA). Quantitative data were presented as mean = standard devia-
tion (SD), and categorical data were presented as frequency and
percentage. The association of qualitative variables was tested using
Fisher's exact test or chi-square. Quantitative variables were com-
pared using an independent-sample t-test. Within-group changes
were assessed using paired t-tests. A P-value less than .05 was con-
sidered statistically significant.

Results

Baseline Characteristics

Among the 70 enrolled patients, 63 patients completed the study,
with 34 in the control group and 29 in the intervention group.
Seventeen patients (50%) and 14 patients (48.3%) were male in the
control and intervention groups, respectively (P=.89). The mean age
of patients in the control and intervention groups was 5.7 + 2.31 and
5.29 + 3.6 years respectively (P=.58). All patients were similar in base-
line clinical and laboratory data (P > .05). Additionally, all patients had
normal renal function at the time of enrollment (P > .05). Data are
presented inTable 1.

Number of Stones

The number of urolithiasis at the baseline was 2.79 + 1.06 and 2.39 +
1.05in the control and intervention groups, respectively (P value =.22).
After 2 months, the number of nephrolithiasis was 1.55 + 0.49 and
147 = 0.67 in the control and intervention groups, respectively (P
value=.56). In within-group analysis, the number of stones signifi-
cantly decreased in both groups (P < .05), but the percent of change in
calculi number was 44.11 + 11.12 and 38.14 + 14.08 in the control and
intervention groups, respectively (P value=.08, 95% Cl: 1.75, 12.27).

Urine pH

The urine pH before the trial was 5.56 + 0.27 and 5.44 £+ 0.31 in the
control and intervention groups, respectively (P value=.12). After 1
month, the urine pH was 6.14 + 0.47 and 6.7 £ 0.3 in the control and
intervention groups, respectively (P value=.57). After 2 months, the
urine pH was 6.46 + 0.99 and 6.14 + 0.83 in the control and inter-
vention groups, respectively (P value=.19). The data are presented in
Table 2. The data are illustrated in Figure 2.
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Table 1. Demographic, Clinical, and Laboratory Characteristics of
Patients with Urolithiasis

Control Intervention
Group Group

Variables (n=34) (n=29) P

Sex (male) 17 (50%) 14 (48.3%) .89%
Restless 8(23.5%) 6 (20.68%) 78%
Dysuria 6 (17.6%) 7 (24.1%) 52%
Abdominal pain 12 (35.3%) 10 (34.5%) .94%
Suprapubic pain 7 (20.6%) 4 (13.8%) AT*
History of UTI 4(11.8%) 2 (6.9%) S51%*
History of urolithiasis 7 (20.6%) 4 (13.8%) .60%
Urine retention 1(2.9%) 0 .35%
Gross hematuria 3(8.8%) 1(3.4%) .38%
Positive urine culture 5(14.7%) 3(10.3%) .60%*
Nitroprusside test 3(10%) 0 1%
Nephrocalcinosis 2 (5.9%) 0 .18%
Microscopic hematuria 9 (26.5%) 3(10.3%) .10%
Urine color change 5(14.7%) 2 (6.9%) 32%
Stone passing presentation 2 (5.9%) 2 (6.9%) .86%
WBC in urine* 12 (41.4%) 14 (48.3%) 59%
RBC in urine* 15 (51.7%) 10 (34.5%) .18*
Urine crystal 11 (32.4%) 10 (34.5%) .88%
Serum level of BUN (mg/dL) 175+7.1 16.66 + 5.2 64+
Serum level of calcium (mg/dL)  9.55+0.55 9.74+0.36 13+
Serum level of creatinine (mg/dL) 0.43+0.17 0.39+0.12 39+
Calcium/creatinine (urine) 048+0.38 041+0.14 35+
Uric acid/creatinine (urine) 1.56 £ 1.24 1.6 £0.35 .86+
Urine pH 556+0.27 544+0.31 A1+

RBC, red blood cell; UTI, urinary tract infection; WBC, white blood cell.
*More than 5 cells in high power field.

*Chi-square or Fisher's exact test.

*Independent t-test.

Urine Calcium

In a random sample, the urine calcium before the trial was 34.54
+ 29.32 and 29.39 + 19.53 mg/mL) in the control and interven-
tion groups, respectively (P value =.42). After 1 month, the urine
calcium was 32.22 + 23.06 and 28.75 + 10.39 mg/mL in the con-
trol and intervention groups, respectively (P value =.45). After 2
months, the urine calcium was 32.00 + 15.32 and 28.95 + 18.96
mg/mL in the control and intervention groups, respectively

Table 2. The urine pH, Calcium, and Uric Acid in Children with
Nephrolithiasis Before and After the Study

Before the After 1 After 2

Variables Groups Study Month Months
Urine pH Control 556+0.27 6.14+047 6.46+0.99

Intervention 5.44 +0.31 6.7+0.3 6.14£0.83

P value* 12 .57 .19
Urine Control 3454 +29.32 32.22+£23.06 32.00+ 15.32
calcium Intervention 29.39+19.53 28.75+10.39 28.95+ 18.96
(mg/ml)  pyalyer 42 45 68
Urine Control 374+2477 31.11+£2495 24.11+14.58
aciduric  |ntervention 34.07 +16.48 33.44+ 1546 30.03+12.39
(mg/mb)  p e 54 66 012

*Repeated measure ANOVA.
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Figure 2. Changes in urine pH in groups over time.

(P value=.68). The data are presented in Table 2. The data are illus-
trated in Figure 3.

Urine Uric Acid

In a random sample, the urine uric acid before the trial was 37.4 +
24.77 and 34.07 + 16.48 mg/mL in the control and intervention
groups, respectively (P value=.54). After 1 month, the urine uric acid
was 31.11 £ 24.95 and 33.44 + 15.46 mg/mL in the control and inter-
vention groups, respectively (P value =.66). After 2 months, the urine
uric acid was 24.11 £+ 14.58 and 30.03 = 12.39 mg/mL in the control
and intervention groups, respectively (P value=0.012). The data are
presented in table 2. The data are illustrated in Figure 4.

Side Effects
There were no side effects associated with the intervention. However,
in the control group, 2 patients (5.88%) had mild to moderate diarrhea.

Discussion

In a randomized two-arm single-blind clinical study, 68 chil-
dren with urolithiasis were studied evaluating the effect of sour
cherry concentrate on the number of nephrolithiasis compared
to Polycitra-K. Results showed that sour cherry concentrate is not
inferior to Polycitra-K in the treatment of nephrolithiasis. Despite
some evidence regarding the traditional use of P. cerasus in the
management of kidney stones,’ this study is the first clinical trial
supporting the beneficial effect of sour cherry concentrate in the
treatment of nephrolithiasis. Our results are particularly important
in children because the compliance of Polycitra-K in children is
rather low. Certain pharmacological properties of P. cerasus were

40
34/54
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intervention
” 29/39 28/75 28/92
3
320
=
S
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5
0
before 1 month 2 month
Time

Figure 3. Changes in urine calcium in groups over time.

40 37/4

. ‘x 33/44

Ne‘
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Figure 4. Changes in urine uric acid in groups over time.

studied previously.'®'® However, the current study demonstrates
its clinical efficacy for the treatment of nephrolithiasis for the first
time. Many medicinal plants have been used to treat urolithia-
sis in animal and clinical experiments'? with variable results.’>"
According to Shirani, Arnebia euchroma root extract efficacy dis-
solved calcium oxalate and calcium phosphate stones in vitro.?° In
a meta-analysis of clinical trials, it has been shown that Cystone®
(ayurvedic proprietary medicine) decreased the size and number
of kidney stones compared to placebo.” In another systematic
review, the authors concluded that there is insufficient data to sup-
port the use of herbal products for the treatment of urolithiasis.”
Singh et al conducted a randomized clinical trial comparing the
efficacy of another ayurvedic plant extract, Calcury®, with potas-
sium citrate in stone-forming patients and concluded that phyto-
therapy effectively reduces stone size and improves biochemical
parameters, such as hypercalcemia, oxaluria, and urinary citrate
and pH.2

The beneficial effect of Prunus mahaleb extract on kidney stone
formation was studied in BALB/c mice. In this study, 500 mg of P.
mahaleb effectively prevented the formation of kidney stones and
improved serum creatinine and urea levels compared to the con-
trol group without adverse effects.® Azaryan reported that 200 and
400 mg/kg aqueous extract of C. avium stem powder have a thera-
peutic effect on calcium oxalate stones in rats with nephrolithiasis
and reduce the number of calcium oxalate deposits.”> Mehmet et al
reported that patients with nephrolithiasis consumed less cherry
(as a fruit) compared to healthy controls.? In another clinical study
on healthy volunteers, it was reported that the capsules of Prunus
avium (cherry) stalk increase the volume of urine and that it could be
used as a mild diuretic without identified side effects.?* In our study,
P. cerasus was as effective as Polycitra-K in reducing the stone load.
Despite this, the measured urine calcium and uric acid excretion did
not decrease as in the control group. Polycitra-K is considered the
first-line treatment in metabolic nephrolithiasis. It alkalinizes the
urine which leads to the dissolution of calcium, uric acid, and other
crystals.? According to our results, P. cerasus also raises the urine pH
which is clinically valuable, but less than potassium citrate.

Our clinical data support the hypothesis that sour cherry concen-
trate is not inferior to the standard treatment of nephrolithiasis with
Polycitra-K. Sour cherry concentrate led to a 38% decrease in the num-
ber of calculi, which was similar to the treatment effect of Polycitra-K.
Additional clinical studies are warranted, in children and adults, to
confirm the efficacy and the benefit of the described treatment.
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Limitations

Because of the distinctive taste and appearance of sour cherry con-
centrate, it was not possible to blind the patients. The follow-up time
in this study was rather short, which may have affected the results.
Longer durations of treatment and follow-up are suggested in future
studies.
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