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Abstract

Background: Today, the attention of researchers has been drawn to the use of medicinal plant for the treatment
of kidney stones. The aim of this study was to investigate the effect of five plants used in traditional medicine on
the dissolution of calcium oxalate and calcium phosphate stones. Then, the ability of more effective plants to
dissolve stones collected from patients after Percutaneous Nephrolithotripsy was investigated.

Methods: The aerial part of plants were extracted by maceration method. The synthesized stones in laboratory
were incubated with different concentrations of the extract. Next, the concentrations of calcium oxalate and
calcium phosphate were measured by a calcium kit and BT 3000. The effect of the extract with the best activity on
the stones collected from the patients was also studied. The composition of clinical stones was determined by
colorimetric method. The total phenolic content (TPC) of the extracts was determined.

Results: The highest dissolution of calcium oxalate stones was observed by the G. struthium extract and the
highest dissolution of calcium phosphate stones by the A. euchroma and A. officinalis root extracts. The dissolution
percentage of clinical stones by the A. euchroma extract was significantly higher than other extract (P < 0.05). The
highest TPC was observed in A. euchroma extract (P < 0.05).

Conclusion: The A. euchroma extract exhibited the greatest dissolution activity on laboratory calcium oxalate and
calcium phosphate stones as well as clinical stones made of high amounts of calcium oxalate. Therefore, the extract
can be effective in preventing and treating kidney stones.
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Background

Worldwide, the spread of kidney stone disease is rising
with a few numbers of effective drugs. This urological
disorder affects about 12% of the world’s population [1].
About 80% of all kidney stones are composed of oxalate
calcium, and around 20% of kidney stones made of cal-
cium phosphate which, like oxalate calcium stones, are
formed as a result of increased calcium [2, 3]. Due to the
stupendous costs and side effects of instrument embed-
ding and urinary tract surgery, special attention has now
been drawn to the use of herbal products [4-6]. Medi-
cinal plants have long been used as an important source
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by humans and even animals [7]. Nowadays, many re-
searchers have based their research on medicinal plants
and a variety of old methods such as those conducted by
Ibn Sina. Given the richness of the Iranian traditional
medicine, the medicinal plants that, according to the
various traditional textbooks, are widely used to treat
kidney stones include Alcea officinalis, Petroselinum cris-
pum, Arnebia euchroma, Ferula persica, and Gypsophila
struthium [8]. As a well known plant in Iranian trad-
itional medicine, A. euchroma is a perennial plant be-
longing to the Boraginaceae family. The plant is also
known in Iran as Havachoubeh or Giahsorkh [9]. A.
euchroma is rich in naphthoquinone, shikonin, alkanin,
and sohexenylnaphthazarin derivatives that have various
medicinal properties including anti-inflammatory, anti-
microbial and anticancer properties [10, 11]. F. persica is
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from the Umbelliferae family and is called Sakbinage in
Arabic language. In traditional medicine, the gum and
resin of this plant are used as expectorant, antispas-
modic, carminative, and laxative, as well as to treat dys-
pepsia, neurological diseases, such as epilepsy, and
various pains, especially joint pain [12]. The parsley, sci-
entifically called P. crispum, belongs to the Umbelliferae
family, whose leaves are used in traditional medicine for
the treatment of constipation, abdominal bloating, jaun-
dice, colitis, edema, rheumatism, prostate problems, and
liver disease [13]. The plant compounds contain volatile
oils and flavonoids, making this vegetable play an unpar-
alleled role in human health [14]. Various parts of these
plants, including leaves, flowers and roots, have been
proposed in traditional medicine for the treatment of in-
flammation, severe cough, bronchitis, swelling, stomach
ache, kidney stones and bladder diseases. Studies have
shown that root and flower of different species of Alcea
contain varied amounts of flavonoids, polyphenols, poly-
saccharides, mucilage, fibers, unsaturated fatty acids,
minerals and albumin [14].

Another medicinal plant used in traditional medicine
is Kondosh scientifically called G. struthium belonging
to the Caryophyllaceae family. The plant’s root contains
toxic alkaloids such as veratrin, which causes vasodilata-
tion and is hypotensive. This plant is used to calm
neuropathic pain and acts as an anti-rheumatic herbal
drug. Its root is tonic and laxative. It is also used to treat
some skin diseases [15].

Given the richness of the Iranian traditional medicine
and medicinal plants frequently cited in traditional
medicine, this study was conducted to investigate five
plants used in traditional medicine on the dissolution of
calcium oxalate and calcium phosphate stones in vitro.

Material and methods

Plant

First, the studied plants (A. officinalis, P. crispum, A.
euchroma, F. persica and G. struthium) were prepared
from the local market, and after scientific and systematic
identification by a botanist, a voucher herbarium speci-
men was deposited for each of them at the Herbarium
of the Medicinal Plants Research Center of Shahrekord
University of Medical Sciences (SKUMS) Table 1.

Table 1 Scientific name and herbarium voucher

Scientific names of plants Herbarium voucher

Arnebia euchroma (Root) 1014
Ferula persica (Leaf) 1011
Petroselinum crispum (Leaf) 375
Alcea officinali (Flower and Root) 139
Gypsophila struthium (Root) 1012
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Extraction

Extraction was done by maceration method. To this end,
the plant powder was mixed with ethanol 70% (1: 5) and
kept at room temperature for 48 h. Then, the mixture
was filtered using a filter paper and the Biichner flask,
the resulting solution was concentrated in vacuum by a
rotary evaporator, and the extracts were dried by freeze-
drying [16].

Preparation of purified laboratory calcium oxalate and
calcium phosphate stones

To prepare the stones of interest, an equimolar calcium
chloride dihydrate solution, along with a solution of so-
dium oxalate solution and 10 cc 2 N sulphuric acid, was
poured into a beaker to form a calcium oxalate sedi-
ment. Further, an equimolar calcium chloride dihydrate
solution, along with 10 cc 2 normal sulfuric acid and dis-
odium hydrogen phosphate, was poured into a beaker to
form a calcium phosphate sediment. Both sediments
were neutralized by ammonia solution and washed with
distilled water at 60 °C for 4 h. In addition, the synthe-
sized crystalline stones were identified by the infrared
spectroscopy (FT-IR) method described in our previous
study [17].

Estimation of dissolution rate of calcium oxalate and
calcium phosphate stones
First, cellulose dialysis membrane activation (SIGMA
D9652) was performed according to the manufacturer’s
instructions described in our previous study [17]. One
mg of calcium oxalate and calcium phosphate were
weighed and immersed along with the extracts under
study at different (3, 10 and 30 mg/dL) concentrations
inside the semi-permeable membrane in 0.1 M Tris buf-
fer. Further, groups containing extracts alone or 1 mg of
calcium oxalate or calcium phosphate were also consid-
ered. After incubation at 37°C for 7h, the content of
semi-permeable membranes in each group was trans-
ferred to the test tubes, and 2 ml of 1 N sulfuric acid was
added and the concentration of calcium oxalate and cal-
cium phosphate was measured after each treatment
using a calcium kit (Pars Azmoon Co.) and the BT-3000.
The dissolution percentage of stones was also calculated
by the formula below.

Dissolution percentage (%) = [calcium content of stone
- (calcium content of stone in the presence of extract -
calcium content of extract)/stone calcium content (x
100)]. All experiments were performed in triplicate [17].

Effect of the most effective extract on PCNL stones

After analyzing the data and selecting the best extract,
all the steps mentioned were performed on 5 stones col-
lected after the PCNL procedure. It should be noted that
the collected stones are combined. Specific kits for the
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analysis of urinary tract stones (Darman-Kav Co.) and
the colorimetric method manual were used to investigate
the composition of clinical stones [18].

Measuring total phenolic content (TPC)

Total phenolic content (TPC) was measured using the
Folin-Ciocalteu colorimetric method in gallic acid
equivalent (GAE) in grams of dried extract. Initially, dif-
ferent concentrations of gallic acid and extracts were
prepared in 60% methanol solution. Then, 0.1 ml of each
concentration was transferred to the test tube. Next, 0.5
ml of 10% Folin-Ciocalteu solution was added to each
test tube, and after 3—8 min, 0.4 ml of 7.5% sodium car-
bonate solution was added. After 30 min, optical absorb-
ance was read by a spectrophotometer at 765 nm.
Finally, the TPC of the extract was calculated and
expressed in mg GAE/g dried extract [19].

Data analysis

The data were summarized as means + standard devi-
ation for normally distributed variables, or medians with
interquartile range (Median (IQR)) for non-normally dis-
tributed variables. Normality distribution was assessed
with the Kolmogorov test. Because percentages were
non-normally distributed, they were analyzed using
Kruskal-Wallis test. Total phenolic content was normally
distributed, so it was analyzed using ANOVA with LSD
multiple comparison test. Statistical significance was de-
fined as P<0.05 in all tests and analysis was performed
by SPSS version 24.

Results

Dissolution percentages of calcium oxalate and calcium
phosphate stones

According to the results of Kruskal-Wallis test, the dis-
solution percentages of oxalate calcium and calcium
phosphate were significantly different depending on the
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type of extract (P=0.001). The highest dissolution rate
of oxalate calcium stones was obtained for the G.
struthium extract 62.9 (61.6-66.1), and the highest dis-
solution rate of calcium phosphate for the A. euchroma
extract 64.7 (56.2—-72.1) and the A. officinalis root ex-
tract 74.2 (68.5-83.1) (Figs. 1 and 2). The dissolution
rates of oxalate calcium and calcium phosphate stones
were significantly different in terms of extract concentra-
tion (P=0.006 and P =0.041, respectively). The dissol-
ution percentages of oxalate calcium stones by the
extract at 3.3 and 10 mg/dL were not significantly differ-
ent (P=1) but the dissolution percentages of this stone
by the extract at 3.3 and 30 mg/dL were significantly dif-
ferent (P =0.009). The dissolution percentages of oxalate
calcium stones by the extract at 10 and 30 mg/dL were
significantly different (P =0.041) (Fig. 3 and 4).

The compositions of clinical stones

According to the diagnostic results, in the five clinical
stones studied (S1, S2, S3, S4, S5), calcium oxalate ac-
counts for the highest content and magnesium-
ammonium phosphate and ammonium urate the least
content Table 2.

The effects of the A. euchroma, G. struthium and A.
officinalis extracts on the dissolution of clinical stones
After analyzing the results at the screening stage, the ef-
fects of the A. euchroma, G. struthium and A. officinalis
extracts on the dissolution of clinical stones were inves-
tigated. The results regarding the dissolution percent-
ages of different clinical stones by the A. euchroma, G.
struthium and A. officinalis extracts were not signifi-
cantly different (P =850) (Fig. 5). According to the re-
sults of Kruskal-Wallis test, the dissolution percentages
of clinical stones by different extracts were significantly
different (P < 0.001). The dissolution percentages of clin-
ical stones by the G. struthium and A. officinarum root
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Fig. 1 Percent dissolution of oxalate calcium (CaOx) by different extracts. Petroselinum crispum (P.C), Gypsophila struthium (G.S), Alcea officinalis
(Root) (A.OR), Arnebia euchroma (A.E), Ferula persica (F.P) and Alcea officinalis (Flower) (A.O.F).
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Fig. 2 Percent dissolution of phosphat calcium (CaP) by different extracts. Petroselinum crispum (P.C), Gypsophila struthium (G.S), Alcea officinalis
(Root) (A.OR), Arnebia euchroma (A.E), Ferula persica (F.P) and Alcea officinalis (Flower) (A.O.F).

extracts were not significantly different (P =1.000). The
dissolution percentages of clinical stones by the A.
euchroma extract was significantly different from those
by the G. struthium and A. officinalis root extracts (P <
0.001); in other words, the highest dissolution activity
was exhibited by the A. euchroma extract and the lowest
dissolution activity by the A. officinalis root extract
(Fig. 6).

The analysis of variance in total phenolic content (TPC)

The results of analysis of variance showed that the TPC
of the A. euchroma, A. officinalis root, G. struthium, P.
crispum, A. officinalis flower, and F. persica extract were
significantly different (P < 0.05) (Table 3). The results of
the comparison of the mean TPCs of extracts showed
that the A. euchroma extract contains the highest TPC
(58.11 mg GAE/g dried powder) with a significant differ-
ence compared to other extracts (P <0.05). The lowest
amount of TPC was obtained in the A. officinalis root
extract (28.08 mg GAE/g dried powder) with a

significant difference compared to other extracts (P<
0.05) except for the F. persica extract Table 3.

Discussion

Many people around the world suffer from problems re-
lated to urinary tract stones. Calcium stones are the
most common and account for about 75% of the total
stones. These stones can be composed of calcium oxal-
ate (50%), calcium phosphate (5%) or both (45%). Many
factors contribute to the formation of urinary tract
stones. Hypercalciuria is the most common cause of for-
mation of urinary tract stones [20]. Urinary tract stones
are mainly composed of crystalline components. Mul-
tiple stages of crystal formation include nucleation,
growth, and accumulation of crystals [21].

The treatments for kidney stones include Extracorpor-
eal Shock Wave Lithotripsy (ESWL) and drug therapy.
ESWL may cause acute kidney injury, decrease renal
function and increase the likely that are among the ser-
ious problems due to the treatments for urinary stones
[22]. In vitro and in vivo data and clinical trials indicate

-

T

L

T
EXT (10 mg/dl)
Concentration

§ 80.00

3

©

B

£ 60.00

P

=]

S

= 40.00

)

=]

]

E 20.00

=

[

e -

0.00 T
EXT (3.33 mgfdl)
Fig. 3 Percent dissolution of oxalate calcium (CaOx) based on extract concentration

T
EXT (30 mgicll)




Shirani et al. Clinical Phytoscience (2020) 6:66

Page 5 of 8

100.00

80.00

60.00

40.007]

Percentage of CaP dissolution

T

1

o

L

20.00 T
EXT (3.33 mgidl)

T
EXT (10 mg/dl)
Concentration

Fig. 4 Percent dissolution of phosphat calcium (CaP) based on extract concentration

[
EXT (30 mad)

that the medicinal plants and their active ingredients can
be useful as alternative or complementary therapies in
the management of the urinary system. The medicinal
plants and their active ingredients can be useful because
they improve restorative mechanisms naturally and do
not cause side effects [21]. In this regard a number of
medicinal plants such as Dolichos biflorus, Tribulus ter-
restris and Bergenia ligulata have been found to exhibit
therapeutic properties against urinary tract stones in
in vitro and in vivo and clinical trials [20, 23].

In the present study, the dissolution percentages of ox-
alate calcium and calcium phosphate stones were signifi-
cantly different for different types and concentrations of
the extracts. The G. striuthum extract exhibited the
highest dissolution percentage of calcium oxalate stones
and the A. euchroma and A. officinalis root extracts ex-
hibited the highest dissolution percentage of calcium
phosphate stones. Then, the dissolution percentages of
clinical stones with high calcium oxalate content by the
A. euchroma, A. officinalis root and F. persica extracts
were determined. It was observed that the dissolution
percentage of clinical stones by the A. euchroma extract
was significantly higher than those by the G. struthium
and A. officinalis root extracts. In the present study the
A. euchroma extract exhibited the highest dissolution of
kidney stones in vitro.

Table 2 Results of the analysis of compounds in the 5 types of
PCNL stone (in percent)

Stone type  Calcium oxalate  Magnesium ammonium  Ammonium
phosphate urate

S 79 10 11

5 44 8 48

S, 81 8 11

S4 65 7 28

Ss 56 7 37

Joshi et al. (2005) evaluated the effectiveness of Tribu-
lus terrestris and Bergenia ligulata in vitro. To this end,
aqueous Tribulus terrestris and Bergenia ligulata ex-
tracts along with supernatant solutions were added, and
the formation of crystals was comparatively measured
with and without the aqueous extracts. It was observed
that both extracts inhibited the formation of calcium ox-
alate crystals, with the higher efficacy of Bergenia ligu-
lata. The main components of Tribulus terrestris
include steroidal saponins and secondary components
include alkaloids and common phytosterols, especially
B-cytosterol. In the extracts of Bergenia ligulata, the
presence of bergenin, b-sitosterol and gallic acid have
been identified. Therefore, these biomacromolecules are
likely to play an important role in inhibiting calcium ox-
alate crystals [20]. In the study of Byahatti et al. (2010),
the effects of alcoholic, butanolic, and ethyl acetate ex-
tracts of Bergenia ciliata leaf and their phenolic fractions
were evaluated for dissolution of calcium oxalate and
calcium phosphate stones in an in vitro model. The re-
sults showed that phenolic fraction isolated from the
ethyl acetate extract, the highest solubility was shown on
both stones [24]. Hua-Fang Cai et al. (2012) investigated
the effectiveness of total phenols and flavonoids isolated
from the ethanolic extract of Orthosiphon stamineus and
polysaccharides isolated from the aqueous extract of this
plant in the dissolution of calcium oxalate crystals in an
in vivo model. The results showed that phenols and fla-
vonoids isolated from the ethanolic extract and also
polysaccharides from the aqueous extract were effective
in dissolving calcium oxalate crystals and polysaccha-
rides significantly inhibited the nucleation and accumu-
lation of calcium oxalate crystals [25]. In the study of
Patel et al. (2010), the activity of Piper nigrum extract in
the dissolution of calcium phosphate and calcium oxal-
ate stones was evaluated. The results of that study
showed that the aqueous and alcoholic extracts have a
greater effect than ethyl acetate and petroleum extracts
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in preventing the formation, crystallization and accumu-
lation of calcium phosphate and oxalate calcium stones.
The researchers stated that this effect may be due to the
presence of alkaloids in the ethanolic and aqueous ex-
tracts [26]. In the present study, the A. euchroma extract
was found to have the highest phenolic content and
showed the highest efficacy in dissolving stones. This
can be due to active ingredients especially phenolic com-
pounds in the extract. Studies have shown that the A.
euchroma extract contains polyphenolic compounds, fla-
vonoids, saponins, alkaloids and other phytochemical
compounds [27]. The anti-crystallization properties of
saponins have been well known for preventing the accu-
mulation of macroproteins that act as stimulants of
crystallization [28]. It has been observed that saponin-
rich Terminalia arjuna extract inhibits the accumulation
and formation of calcium phosphate crystals [29]. In
addition, saponin-rich Herniaria hirsuta fraction is a
strong inhibitor of oxalate calcium in vitro [30]. The
therapeutic effects of saponin-rich fraction of plant

extracts in animal models of kidney stones have been re-
ported. In one study, in renal stone mice with, crystal-
luria, hypercalciuria, polyuria, nephrocalcinosis, renal
dysfunction and oxidative stress were manifested as in-
creased lipid peroxidation, reduced glutathione reduc-
tion, and decreased activity of the catalase enzyme in the
kidney. All these improved after treatment with saponin-
rich Solanum xanthocarpum fraction [31].

The renal epithelial cells exposed to excess amounts of
oxalic acid produce reactive oxygen species relative to
the amount of the intracellular antioxidants. Subse-
quently, oxidative stress in the kidney results in damage
to the cell DNA and the onset of crystallization. Clinical
studies have also provided evidence for the development
of oxidative stress in the stone-forming kidneys of the
patients. The relationship between the formation of
stones and the development of a common disorder is
due to specific pathological characteristics. Oxidative
stress is a common feature of cardiovascular disease,
such as high blood pressure, diabetes, atherosclerosis
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extract type
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Table 3 The comparison of mean of total phenol content

Total phenol”
(mg GAE/g dried powder)

Scientific names of plants

(Mean + SD)
Arnebia euchroma 58.11+0.1°
Alcea officinalis (Flower) 52.14+0.02°
Alcea officinalis (Root) 28.08+0.05°
Ferula persica 28.15+0.03%
Gypsophila struthium 53.10+017°
Petroselinum crispum 39.38+0.06

*Different superscript letter on means shows significant difference (P<0.05)
based on LSD test

and myocardial infarction [32]. In a study by Ceban
et al. (2016), the effects of oxidative and antioxidant sta-
tus in patients with renal stone before and after surgery
were investigated. The results show that the complicated
surgical treatments for kidney stones leads to reduction
of oxidative stress [33]. In the study of Davalos et al.
(2010), the cytotoxic effects of calcium oxalate monohy-
drate (COM) on biochemical and vital parameters of the
cell and the protective effects of antioxidants against
COM were investigated. The results showed that COM
exerts toxic effects on the LLC-PK1 renal tubular epithe-
lial cells by inducing oxidative stress, resulting in a de-
crease in cell survival, adverse impacts on biochemical
parameters and eventually apoptosis. N-acetylcysteine
(NAC) can prevent the severe effects of cytotoxicity,
protects against COM attack, and prevents kidney injury
and consequently the formation of stone [34]. Natural
phenolic compounds act as antioxidants and inhibit free
radicals. Therefore, the preventive and therapeutic ef-
fects of the extracts on kidney stones can be partly due
to the anti-inflammatory and antioxidant effects of the
compounds present in them. By interfering with the
process of cell destruction by crystals, these compounds
may prevent the release or action of inflammation-
progressing factors that are effective on the heteroge-
neous nucleation of crystals [35]. The dissolution of cal-
cium phosphate and calcium oxalate stones has also
been attributed to phenolic compounds. In a study, the
dissolution activity of calcium phosphate and oxalate
calcium stones by the fraction rich in phenolic com-
pounds was observed to be higher than that by the ex-
tract alone [24]. Phenolic acids are another group of
non-flavonoid phenolic compounds that are widely
found in plants and have various biological activities
such as anti-inflammatory, antibacterial, antiviral, antitu-
mor and antioxidant properties [36]. In this study, the
highest TPC was observed in the A. euchroma (58.11 mg
GAE/g dried powder) with a significant difference to the
TPC of other extracts (P < 0.05). It seems that the higher
efficacy of the A. euchroma than other extracts is due to
the types and amounts of its active ingredients. In this
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regard, it is suggested that the content of the saponin, al-
kaloid and tannic compounds of these extracts be deter-
mined by experimental methods and their relationship
with the dissolution of stones in vitro, in order to deter-
mine which compounds are more closely related to the
dissolution activity. It can therefore be effective in the
prevention and treatment of kidney stones in people sus-
ceptible to developing oxalate and calcium phosphate
stones, and it is recommended for further studies in the
animal and clinical phases. In the present study, the ac-
tivity of various extracts in dissolving calcium phosphate
stones was higher than that in dissolving calcium oxalate
stones. In the study of Byahatti et al. (2010), consistent
with the results of our study, the activity of plant ex-
tracts in the dissolution of calcium phosphate stones
(67.74%) was higher than that in the dissolution of cal-
cium oxalate stones (36.95%) [24].

Conclusion

Based on the results of the present study, the dissolution
percentages of oxalate calcium and calcium phosphate
stones were significantly different depending on the type
and concentration of extract. The highest dissolution of
calcium oxalate stones was obtained for the G. struthium
extract and the highest dissolution rate of calcium phos-
phate stones by the A. euchroma and A. officinalis root
extracts. The dissolution percentage of clinical stones by
the A. euchroma extract was significantly higher than
those by the G. struthium extract and A. officinalis root
extract. The A. euchroma extract exhibited the greatest
dissolution activity on calcium oxalate and calcium
phosphate stones as well as clinical stones. Both animal
studies and clinical trials are recommended to further
investigate this argument.
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