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INTRODUCTION

One of  the most common problems related to the 
kidney, in which women and men are suffering alike, is 
kidney stones or urolithiasis. Urolithiasis (renal lithiasis) 
is a globally distributed disease; however, its prevalence 
varies from one country to another. The prevalence rates 
of  urolithiasis in the Middle East countries have been 
reported to be predominantly high (Amir et al. 2018). There 
are different types of  crystals that can build up and lead 
to kidney stone formation, including calcium, uric acid, 
struvite, and cysteine. However, calcium oxalate stone takes 
the lead (Amir et al. 2018). High consumption of  food 
rich in oxalates (such as nuts, rhubarb, beet, and spinach), 
protein, and salt increase the risk of  calcium oxalate stone. 
Moreover, many other factors also can increase the risk, 
such as low water-intake, obesity, and digestive diseases, 
like “Inflammatory Bowel Disease” IBD, which affect the 
body’s fat absorption ability and thus calcium attaches to fat 
leaving oxalate free taken to the kidney (Hueppelshaeuser 
et al. 2012; Nouvenne et al. 2008).

Currently, the treatment of  kidney stones is varied 
according to the size and cause of  stones. Small stones 
can be passed by drinking a lot of  water, but this process 
may be accompanied by pain, so pain relief  medications 
and smooth muscle relaxants that relax the ureter muscle 
to ease the passage of  stone may be advised (Pickard et al. 
2015). Nevertheless, in the case of  large stones, there is 
no way to help the stone to pass the ureter spontaneously 
and without injury, so surgery should be performed by 
extracorporeal shock wave lithotripsy, percutaneous 
nephrolithotomy, or by using ureteroscope (Srisubat et al. 
2014). Unfortunately, there is no satisfactory medicine 
to dissolve kidney stones, despite significant progress in 
medical treatment. Traditional medicines are still preferred 
by many patients to treat several medical conditions. 
Particularly, plant-derived natural products are used by 
several cultures forming a crucial starting point for recent 
innovations in drug discoveries (Cragg and Newman 
2013). The primary mechanisms of  these plants and 
their phytoconstituents in controlling urolithiasis include 
antispasmodic activity, inhibitory effect on crystallization, 
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nucleation, and aggregation of  crystals, in addition to their 
diuretic and antioxidant activity (Nirumand et al. 2018). 
Several medicinal plants extract have been reported to 
exhibit in-vitro anti-crystallization activities, such as Kalanchoe 
pinnata, Emblica officinalis (Sohgaura et al. 2018), pseudo-
stem of  Musa sp. (Abu Zarin et al. 2020), Herniaria hirsute 
(Atmani and Khan 2000), Plantago major (Aziz et al. 2005), 
Bergenia ciliata (Saha and Verma 2013), Tribulus terrestris 
(Aggarwal et al. 2010), and Bergenia ligulata (Bashir and 
Gilani 2009; Garimella et al. 2001). Several traditional 
medicinal plants are frequently used by patients in the 
Middle East region for the management of  urolithiasis, 
including Petroselinum crispum, rind of  Citrus sinensis L., rind 
of  Citrus limon L., Ammi visnaga (L.) LAM., Tamarindus indica 
L., Nigella sativa L., Cymbopogon proximus Hochst. ex A. Rich., 
Hibiscus sabdariffa L., Hordeum vulgare L., and Cymbopogon 
schoenanthus (L.) Spreng. Some of  these natural products 
have scientific basis of  such use, whereas others do not. 
Therefore, this study aimed to evaluate the anti-urolithiatic 
activity of  these plants’ extracts by investigating their ability 
to inhibit the aggregation of  calcium oxalate crystals using 
the turbidimetric method by comparing the optical density 
(OD) at 620 nm. Additionally, the morphological changes 
and sizes of  the formed crystals in presence and absence 
of  extracts were also examined by an optical microscope. 
Furthermore, the antispasmodic activity was evaluated by 
observing the ex-vivo smooth muscle relaxant effect on 
acetylcholine (Ach)-induced contraction on rat ileum.

MATERIAL AND METHODS

Plant material
The plant samples, including the aerial parts of  parsley 
(Petroselinum crispum (Mill.) Fuss), orange rind (fruit rind of  
Citrus sinensis L.), lemon rind (fruit rind of  Citrus limon L.), 
khella fruits (Ammi visnaga (L.) LAM.), peeled fruits of  
tamarind (Tamarindus indica L.), black seeds (Nigella sativa L.), 
the aerial parts halfa bar (Cymbopogon proximus Hochst. ex 
A. Rich.), roselle (the calyces of  Hibiscus sabdariffa L.), 
barley grains (seeds of  Hordeum vulgare L.), and the aerial 
parts of  camel grass (Cymbopogon schoenanthus (L.) Spreng.) 
were purchased in their entire form from an herbal market 
at Al-Kharj, KSA (24.1576° N, 47.3248° E), Table 1 and 
Fig 1. The authentications of  the purchased plants were 
confirmed by Prof. Fatma M. Abdel Bar (Professor of  
Pharmacognosy, College of  Pharmacy, Prince Sattam Bin 
Abdulaziz University). Voucher specimens were deposited 
in the herbarium of  Pharmacognosy, College of  Pharmacy, 
Prince Sattam Bin Abdulaziz University under the codes 
from (#16735-16745). Fresh samples (parsley, orange 
rind, and lemon rind) were spread on trays, shade-dried, 
then the dried plant samples were ground using an electric 
homogenizer and kept in an airtight container for further use.

Extraction
Generally, 100 g of  powdered plant samples were placed in 
600-mL beakers and extracted by cold maceration method 
using methanol (300 mL, three times), followed by water 
extraction (1 x 300 mL) to ensure exhaustion of  polar 
active constituents. The combined hydro-alcoholic extracts 
were concentrated using an R-210 Professional Rotary 
Evaporator (BÜCHI Labortechnik GmbH, Germany), 
then transferred to pre-weighed porcelain dishes and left 
to dry in air, Fig 1.

Anti-nucleation assay
Synthetic urine
Synthetic urine was freshly prepared and adjusting the 
pH to 6.0 according to the reported method (Burns and 
Finlayson 1980; Yousefi Ghale-Salimi et al. 2018).

Microscopic evaluation of calcium oxalate crystallization
For sample preparation, stock solutions of  the plants’ 
extracts were prepared in DMSO, followed by dilution with 
synthetic urine and filtration using filter paper. A solution 
of  10 mg/mL of  extracts in each case was used for 
calcium oxalate induction by adding 0.1 M sodium oxalate 
(40 μL/mL) and incubating for 24 hours. A negative control 
is prepared similarly but without plant extracts. Potassium 
sodium hydrogen citrate (Uralyt-U®, MADAUS GmbH, 
Germany) was used as a standard (10 mg/mL) solution 
in synthetic urine. The formed precipitate was examined 
using an objective lens (40x) on OPTIKA® microscope 
provided with ProView software (B-3W Windows tablet 
PC with B3 camera, Italy).

Spectrophotometric turbidimetric assay
The reported method by Yousefi Ghale-Salimi et al. 
(2018) was used with some modifications. Sample 
solutions were prepared by the same method used for 
microscopic evaluation followed by serial dilutions 
using freshly prepared synthetic urine to obtain 10, 5, 
2.5, and 1.25 mg/mL concentrations, separately in each 
case. Potassium sodium hydrogen citrate (100, 50, 25, 
and 10 mg/mL) and magnesium citrate (10, 5, 2.5, and 
1.25 mg/mL) were used as positive controls. Two separate 
inspections were performed using spectrophotometric 
determination on a UV-visible spectrophotometer at 
620 nm (UV1800 Spectrophotometer 2450, Shimadzu, 
Japan), on adding sodium oxalate solution: firstly, to 
determine the effect of  different concentrations of  the 
plant extracts and/or standards on induced calcium 
oxalate precipitation, and secondly, to compare the rate 
of  nucleation of  induced calcium oxalate, at 10 mg/mL 
of  extracts and/or standards, over time (at zero, 5, 10, 15, 
30, and 60 minutes). Turbidity (%) was calculated relative 
to negative control from equation [1]:
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% Turbidity= OD sample/OD control * 100   [1]

Where OD  sample: Absorbance of  sample; OD  control: 
Absorbance of  control

Screening of the smooth muscle relaxation effect
EmkaBath2 (Emka technologies, France) was used to 
record the inhibitory effects of  different plant extracts 
on acetylcholine (Ach, LOBA Chemie, India)-induced 
contraction on isolated rat ileum (adult male Wistar rats), 
using the previously published methods with minor 
modification (Ibrahim et al. 2019; Pavlović et al. 2012; 
Razafindrakoto et al. 2016). Tyrode solution was prepared 

according to published procedure (Ibrahim et al. 2019). 
Atropine sulfate (LOBA Chemie, India) was used as a 
positive control. The protocol methodology used in this 
study was approved by the Bioethical Research Committee 
(BERC-002-03-21) in College of  Pharmacy, Prince Sattam 
Bin Abdulaziz University, Al-Kharj, KSA.

Statistical analysis
Results are expressed as mean ± S.D, from four 
observations. Values were analyzed using GraphPad 
Prism version 9.2 using two-way ANOVA followed by 
Dunnett’s multiple comparisons as compared to negative 
control.

Fig 1. Photographs summarizing the preparation of different plants’ extracts. a) Photographs of the studied traditional anti-urolithiatic plants; 
b) Extraction of the plant materials; c) Evaporation of the extracts.

a

b

c
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RESULTS AND DISCUSSION

For many years, plants constituted the main basis of  
different traditional systems. Many promising drug 
discoveries relied on the long history of  use of  traditionally 
used plants and their diverse array of  secondary metabolites, 
which are responsible for their drug-like properties or what 
is known as the “predrug stage”. Nevertheless, a lot of  
herbs used in folk medicine lack sufficient information on 
their pharmacological basis and mechanism(s) of  action 
(Pan et al. 2013). In this regard, the current study aimed 
at investigating the potential anti-urolithiatic activities of  
several plants that are traditionally used in Saudi Arabia 
and in other regions in the world.

Microscopic evaluation of calcium oxalate crystallization
In susceptible patients, calcium oxalate nucleation 
started in supersaturated urine as the first step towards 
urolithiasis, since the developed nuclei either grow and/or 
aggregate to a large size causing a pathological condition. 
Morphologically, the in-vitro synthesized calcium oxalate 

crystals were detected by microscopic investigation in 
three well-defined types: (1) envelope (bipyramid)-shaped, 
COD crystals, (2) weddellite COD-W crystals, and (3) thin 
hexagonal lozenge, COM-TL crystals, Fig 2, as described 
before by several studies (Daudon et al. 2016; Guerra et al. 
2006; He et al. 2010).

Previously He et al. (2010) reported that more calcium 
oxalate dihydrate (COD) are detected in the urine of  
a healthy person. Nevertheless, more calcium oxalate 
monohydrate (COM) has been observed in the urine of  
a lithogenic patient. Also, COM has been reported as the 
most thermodynamically stable type found in lithogenic 
patients than COD, as it shows a superior affinity for 
adhering to renal tubular cells causing the formation of  
urinary stones (Verkoelen et al. 1995). However, COM 
have several crystal forms, for instance, in the absence of  
any additives (such as NaCl), Sun et al. (2017) identified 
two distinct types of  in-vitro-synthesized COM crystals 
by the scanning electron microscope (SEM); a) calcium 
oxalate monohydrate-thin lozenge (COM-TL) which is 

Table 1: List of selected traditional plants used in the treatment of urolithiasis and their main phytochemicals
Common 
name

Scientific name Plant family Part used Main phytochemicals

1. Parsley Petroselinum crispum (Mill.) 
Fuss

Apiaceae Aerial parts Essential oil (e.g. apiol), flavonoids, phenolics, 
carotenoids, and furanocoumarins, (Chauhan and 
Aishwarya 2018)

2. Black seeds Nigella sativa L. Ranunculaceae Seeds Essential oil (e.g. thymoquinone), alkaloids, 
terpenoids, coumarins, and flavonoids (Ahmad 
et al. 2021)

3. Halfa bar Cymbopogon proximus 
Hochst. ex A. Rich.

Poaceae Aerial parts Alkaloids, essential oil (e.g. piperitone and 
δ-2-carene), sesquiterpenes (e.g. proximadiol), 
flavonoids, carotenoids, and tannins (Avoseh 
et al. 2015; El-Askary et al. 2003)

4. Roselle Hibiscus sabdariffa L. Malvaceae Calyces Polyphenols (e.g. anthocyanins), flavonoids, and 
organic acids (Riaz and Chopra 2018).

5. Orange rind Citrus sinensis L. Rutaceae Fruit rind Essential oil (e.g. limonene), flavonoids, 
and (e.g. hesperidin) (Aghel et al. 2008; 
González-Mas et al. 2019).

6. Khella Ammi visnaga (L.) LAM. Apiaceae Fruits γ-Pyrones and coumarins, including 
furanochromone derivatives (e.g. khellin and 
visnagin) (Khalil et al. 2020)

7. Barley Hordeum vulgare L. Gramineae Seeds Flavonoids (e.g. vitexin, saponaretin, quercetin, 
rutin, and kaempferitrin), lignans, tocopherols, 
and phenolic acids (Kobus-Cisowska et al. 2020; 
Lahouar et al. 2014; Seikel and Bushnell 1959).

8. Tamarind Tamarindus indica L. Fabaceae Peeled fruits Phenolics (e.g. catenin, procyanidin 
B2, epicatechin), organic acids, 
triterpenes (e.g. lupanone and lupeol), pyrazines, 
and thiazoles (Bhadoriya et al. 2011; Kuru 2014)

9. Lemon rind Citrus limon L. Rutaceae Fruit rind Flavonoids (e.g hesperidin, 
diosmetin-7-rutinoside), limonoids, terpenoids, 
carotenoids, coumarins, furanocoumarins, 
and essential oils (e.g. limonene)
(Klimek-Szczykutowicz et al. 2020)

10.  Camel 
grass

Cymbopogon 
schoenanthus (L.) Spreng.

Poaceae Aerial parts Essential oil (e.g. piperitone and limonene), 
alkaloids, flavonoids, tannins, saponins, and 
steroids (Al‑Snafi 2016; Avoseh et al. 2015; 
Ponce-Monter et al. 2008)
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very weak, fragile, and has blunt edges; b) calcium oxalate 
monohydrate-hexagonal lozenge (COM-HL) which is 
thick and has sharp edges compared to COM-TL and can 
easily cause cell membrane rupture (Sun et al. 2017). In our 
study, COM-TL crystals were detected in large numbers 
in samples treated with the standards (magnesium citrate 
and potassium sodium hydrogen citrate), as observed in 

Fig 5e. This suggested that citrates act by modifying calcium 
oxalate crystals (COD or COM) to less harmful types/
shapes. This result was in full agreement with the previously 
published data describing the effect of  citrate on alteration 
of  the shape of  COM in diluted urine compared to the 
negative control (Guerra et al. 2006). Additionally, healthy 
person has a narrow crystal size distribution (20-250 nm) 
with less liability to aggregate or to transform to the 
harmful, COM form (He et al. 2010).

In the current study the shape and size of  the formed 
crystals upon induction of  calcium oxalate crystallization 
by adding sodium oxalate (40 μL of  0.1 M solution/mL 
of  artificial urine), in the presence or absence of  different 
plant extracts (10 mg/mL), were examined microscopically, 
Table 2 and Fig 3. Negative control (untreated sample) 
showed the presence of  large COD (Mean diagonal size, 
12.2 μm) and COM aggregates, Fig 5f. Nevertheless, 
mostly all samples treated with the investigated plant 
extracts showed marked crystal size reduction and/or 
morphological modification relative to the negative control, 
Figs 4 and 5. Regarding COD crystal size, the standard drug, 
potassium sodium hydrogen citrate showed significant (p < 
0.001) reduction of  crystal diagonal (6.7 μm) compared to 
negative control. Parsley and halfa bar showed remarkable 
anti-aggregation activity with a significant reduction (p 
< 0.05 and p < 0.001, respectively) in mean crystal size 
diagonals (4.4 and 4.7 μm, respectively), followed by khella 
(p < 0.05) and lemon rind (p < 0.001) which showed crystal 
diagonals of  6.4 and 5.7 μm, respectively, compared to the 
negative control. However, hibiscus showed no significant 
effect on mean calcium oxalate crystal diagonal (11.7 μm), 
when compared to the negative control (12.2 μm), Table 2. 
Regarding the shape of  the produced calcium oxalate 
crystals, the non-harmful crystal type (COD) was detected 
as the dominant one in treated samples with most of  the 

Fig 3. Average size calcium oxalate crystals for the investigated plant 
extracts (10 mg/mL) using light microscope. The results are expressed 
as diagonals in mm ± SD. Induction of calcium oxalate crystallization 
was induced in artificial urine by 40 µL of 0.1 M sodium oxalate per 
mL in presence (test) or absence (negative control). K Na H Citrate 
(potassium sodium hydrogen citrate, Uralyt-U®) was used as a standard. 
All measurements are taken after 24 hours of treatment. Significance 
levels *: p > 0.05; **: p > 0.01; ***: p > 0.0001.

Table 2: Size reduction of calcium oxalate crystals in presence of tested plant extracts and their ex‑vivo spasmolytic effect
Sample name Diagonal

(µM)a
Screening of muscle relaxation activity using 
ex‑vivo Ach-induced contraction on rat ileumb

Parsley 4.41±0.4** No marked inhibition
Black seeds 5.44±0.16** No marked inhibition
Halfa bar 4.71±0.57*** Complete relaxation at 200 mg/mL
Roselle 11.68±1.64ns  Significant relaxation at 200 mg/mL
Orange rind 7.52±0.27*** Week inhibition at 200 mg/mL
Khella 6.44±0.86* Complete relaxation at 500 mg/mL
Barley 9.82±0.93 Significant relaxation at 200 mg/mL
Tamarind 7.89±1.33 No marked inhibition
Lemon rind 5.67±0.50** Significant relaxation at 200 mg/mL
Camel grass 7.08±0.70* Complete relaxation at 100 mg/mL
K Na H citrate 6.74±0.46** ND
Neg. control 12.19±0.30 ND
aTested at 10 mg/mL, and K Na H citrate: Potassium sodium hydrogen citrate (Uralyt-U®), was used as standard. Results are expressed as diagonals in 
µM ± S.D as determined by light microscope, after 24 hours of treatment. ND: Not determined. Significant levels; *: P > 0.05; **: P > 0.01; ***: P > 0.0001.using 
one-way ANOVA followed by Dunnett’s multiple comparisons as compared to negative control.
bTested at final concentrations of 100, 200, 300, and 500 µg/mL.

Fig 2. Different microscopically identified crystal shapes of calcium 
oxalate. (a) Envelope (pyramid)-shaped crystals of calcium oxalate 
dihydrate (COD); (b) Weddellite crystals of calcium oxalate dihydrate 
(COD-W); and (c) Thin hexagonal lozenge (COM-TL) crystals of calcium 
oxalate monohydrate.

a b c
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tested plant extracts, including parsley, halfa bar, khella, and 
lemon rind than COM crystals, Figs 4 and 5.

Nirumand et al .  (2018) discussed the possible 
pharmacological mechanisms of  the anti-urolithiatic 
action of  plant polyphenols, including their inhibition of  
calcium oxalate deposition and crystal growth. In other 
words, the crystal growth-inhibitors bind to certain faces 
of  the crystals and discourage the attachment of  other 
molecules, in a way that it reduces the rate of  crystal growth 
(Farmanesh et al. 2014). This indicated that the obtained 
anticrystallization activity is related to the presence of  
phenolic secondary metabolites that in-vitro hinder calcium 
oxalate crystal growth, Table 1.

Spectrophotometric turbidimetric assay
The number of  formed crystals is an estimate of  turbidity 
and measured as absorbance (OD) at 620 nm (De Bellis 
et al. 2019). Consequently, the effect of  different plant 
extracts on nucleation and aggregation of  induced calcium 
oxalate crystals was monitored by OD measurement at 
620 nm for 1 h. (at 0, 5, 10, 15, 30, and 60 min) after 
addition of  0.1 M sodium oxalate solution (40 μL/mL of  
artificial urine), at room temperature. Except for hibiscus, 
most of  the tested plant extracts showed no marked 
effect on nucleation (0-5 min) however, they promoted 

more turbidity in a dose-response manner indicating 
suppression of  aggregation (after 60 min), particularly at 
high concentrations, Fig 6.

Therefore, an observed inverse relationship between 
the mean diagonal of  calcium oxalate crystals for tested 
plant extracts and their calculated % turbidity. This can 
be explained by the fact that inhibition of  aggregation of  
calcium oxalate crystals in artificial urine treated by the 
active plant extracts yields a greater number of  small-sized 
crystals that eventually caused the scattering of  light and 
consequently high absorbance values (i.e., high %turbidity). 
However, aggregation of  such crystals allows light 
transmittance and causes lower absorbance values (i.e., low 
%turbidity). As for parsley at 10 mg/mL concentration, it 
showed the highest % turbidity (233.6%) followed by khella 
(193.6%), camel grass (163.2%), tamarind (162.4%), barley 
(132.3%), halfa bar (131.0%), and lemon rind (130.7%). It 
is worth noting that the same extracts showed a remarkable 
reduction in calcium oxalate crystal size compared to 
control which indicated their dual anti-urolithiatic action.

Effect on the rate of nucleation and aggregation
As mentioned above, any increase in absorbance will reflect 
an increased number of  calcium oxalate particles over time. 

Fig 4. Complete microscopic views (x40) of randomly selected fields 
of calcium oxalate crystals from turbidimetric assay. All measurements 
are taken after 24 hours of treatment of artificial urine with 40 µL of 0.1 
M sodium oxalate/mL in presence of 10 mg/mL of extracts; (a) Parsley; 
(b) Black seed; (c) Halfa bar; (d) Roselle; (e) Orange rind; and (f) Khella.

a

c

e

b

d

f

Fig 5. Complete microscopic views (x40) of randomly selected fields of 
calcium oxalate crystals from turbidimetric assay. All measurements are 
taken after 24 hours of treatment of artificial urine with 40 µL of 0.1 M 
sodium oxalate/mL in presence of 10 mg/mL of extracts; (a) Barley; 
(b) Tamarind; (c) Lemon rind; (d) Camel grass; (e) Potassium sodium 
hydrogen citrate (Uralyt-U®, 10 mg/mL) as a standard; and (f) Negative 
control (no added sample).

a

c

e

b

d

f
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A previous study by Mittal et al. (2016), conducted a control 
experiment to study the absorbance-time relationship of  
the formed calcium oxalate crystals after oxalate addition 
and have analyzed the results by linear regression analysis. 
They defined the maximum slope of  increase in absorbance 
at 620 nm as the slope of  nucleation (SN), which determined 
the maximum rate of  development of  new particles. At the 
equilibrium point (at saturation), the rate of  nucleation will 
be equal to the rate of  growth. Similarly, the maximum slope 
of  decrease in absorbance at 620 nm was defined as the 
slope of  aggregation (SA), which described the maximum 
rate of  crystal growth or aggregation. In this conducted 
control experiment, a steep increase in absorbance (SN) 
was reached followed by a gradual decrease due to crystal 
aggregation (SA) (Mittal et al. 2016). In Fig 7, the effect 
of  the tested extracts and standard at 10 mg/mL on the 

slopes of  absorbance by time upon addition of  0.1 M 
oxalate solution (40 µL/mL of  artificial urine) has been 
studied. The results indicated that only hibiscus (roselle) 
exhibited antinucleation effect as revealed from the slope 
of  nucleation (SN) which is almost comparable to the 
positive control. From the other side, other tested extracts 
(e.g., halfa bar, black seed, roselle, lemon rind, parsley, and 
camel grass) inhibited the aggregation of  calcium oxalate 
crystals as obvious from the increased absorbance at 60 min 
(increased slope of  aggregation, SA) as compared to the 
negative control, Fig 7. This anti-aggregation effect can 
be explained by the presence of  plant phytoconstituents, 
including polyphenols (such as flavonoids) and terpenoids 
(such as saponins) that were able to prevent calcium oxalate 
crystals from further adherence and growth (Ahmed et al. 
2018; Atmani et al. 2006; Nirumand et al. 2018).

Antispasmodic activity
Renal colic can be described as the worst pain that the 
patient will ever suffer. The passage of  the renal calculi is 
usually associated with acute pain due to obstruction of  
the urinary stream and by the increased pressure created on 
the wall of  the urinary tract causing ureteral smooth muscle 
spasm and increased peristalsis. Hence, the use of  effective 
antispasmodic agents plays a crucial role in the treatment 
of  such conditions (Golzari et al. 2014). Consequently, 
the studied plant extracts were preliminarily screened for 
their spasmolytic effect on Ach-induced contraction in rat 
ileum, Table 2.

The results (Fig 8) showed that camel grass, halfa bar, and 
khella showed remarkable relaxation of  induced contraction 
at cumulative doses of  100, 200, and 500 µg/mL, respectively. 
Also, roselle, barley, and lemon rind showed significant 
relaxation at 200 µg/mL. Therefore, barley, halfa bar, lemon 
rind, camel grass, and khella have dual mechanisms of  their 
action in ameliorating the symptoms of  urolithiasis, including 
the anti-aggregation and the antispasmodic mechanisms. 
It is worth noting that some of  these herbs are known for 
their antispasmodic activity due to the established identity of  
bioactive compounds, such as khellin and visnagin (khella) 
(Bhagavathula et al. 2014) and proximadiol (halfa bar) 
(Abdel-Moneim et al. 1969; El-Askary et al. 2003). For camel 
grass, Pavlovic et al. (2016) suggested some of  the essential 
oil components to be responsible for spasmolytic activity, 
including the major component, piperitone (Ponce-Monter 
et al. 2008), and two minor components; limonene (Cardoso 
Lima et al. 2012) and β-eudesmol (Morita et al. 1996).

CONCLUSION

Urolithiasis is a globally distributed disease with calcium 
oxalate as the most common type of  kidney stones. Folk 

Fig 6. Inhibition of aggregation calculated as the increase of % turbidity 
(±SEM) from the turbidimetric spectrophotometric assay at 620 nm, 
after 60 min of induction of calcium oxalate formation with 0.1 M sodium 
oxalate (40 mL/mL of artificial urine). Plants extracts and standards 
were investigated at 10, 5, 2.5, and 1.25 mg/mL.

Fig 7. The effects of tested extracts and Mg citrate standard on the 
slopes of absorbance-time graphs, at a concentration of 10 mg/mL in 
artificial urine, after adding 40 µL/mL of 0.1 M sodium oxalate. Where 
SN is the slope of increase of absorbance with time (nucleation rate) 
and SA is the slope of decrease of absorbance with time (aggregation 
rate) for three independent observations.
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medicine is a rich source of  diverse traditional plants that 
are commonly used for the treatment of  urolithiasis. The 
current study targets the formation of  calcium oxalate 
crystals by preventing their aggregation. We investigated 
the anti-urolithiatic activity of  ten commonly used 
traditional natural products to uncover the scientific 
evidence for such use. Tamarind, camel grass, lemon 
rind, and barley extracts showed inhibition of  calcium 
oxalate aggregation. Whereas parsley, halfa bar, khella, 
and lemon rind showed a significant reduction in calcium 
oxalate crystal size. Furthermore, halfa bar, khella, and 
camel grass extracts showed ex-vivo inhibition of  Ach-
induced contraction on rat ileum. Some of  the potential 
bioactive compounds responsible for the obtained 
activity have been discussed. This study opens doors for 
future studies on identification of  new phytochemicals 
for treatment and/or prevention of  calcium oxalate 
urolithiasis.

ACKNOWLEDGMENT

The Deanship of  Scientific Research at Prince Sattam 
bin Abdulaziz University, Alkharj, Saudi Arabia is 
acknowledged for supporting the current research.

CONFLICT OF INTEREST

The authors declare no conflict of  interest.

Authors’ contributions
Fatma M. Abdel Bar designed the research. Fatma M. 
Abdel Bar, Amjad J. Majrashi, Mariam F. Al-Dossery 
conducted the experiments. Fatma M. Abdel Bar, Ahmed 
I. Foudah and Amal A. Galala analysed the data and wrote 
the manuscript. All authors read and approved the written 
manuscript.

REFERENCES

Abdel-Moneim, F. M., Z. F. Ahmed, M. B. Fayez and H. Ghaleb. 1969. 
Constituents of local plants. XIV. The antispasmodic principle in 
Cymbopogon proximus. Planta Med. 17: 209-216.

Abu Zarin, M., J. S. Tan, P. Murugan and R. Ahmad. 2020. 
Investigation of potential anti-urolithiatic activity from different 
types of Musa pseudo-stem extracts in inhibition of calcium 
oxalate crystallization. BMC Complement. Altern. Med. 20: 317.

Aggarwal, A., S. Tandon, S. K. Singla and C. Tandon. 2010. Diminution 
of oxalate induced renal tubular epithelial cell injury and inhibition 
of calcium oxalate crystallization in vitro by aqueous extract of 
Tribulus terrestris. Int. Braz. J. Urol. 36: 480-488; discussion 
488, 489.

Aghel, N., Z. Ramezani and S. Beiranvand. 2008. Hesperidin from 
Citrus sinensis cultivated in Dezful, Iran. Pak. J. Biol. Sci. 11: 
2451-2453.

Ahmad, M. F., F. A. Ahmad, S. A. Ashraf, H. H. Saad, S. Wahab, M. I. 
Khan, M. Ali, S. Mohan, K. R. Hakeem and M. T. Athar. 2021. An 
updated knowledge of Black seed (Nigella sativa Linn.): Review 
of phytochemical constituents and pharmacological properties. 
J. Herb. Med. 25: 100404.

Ahmed, S., M. M. Hasan, H. Khan, Z. A. Mahmood and S. Patel. 
2018. The mechanistic insight of polyphenols in calcium oxalate 

Fig 8. Inhibition of ex-vivo Ach‑induced contraction on rat ileum. a) Halfa bar: showed remarkable at a final concentration of 100 µg/mL and 
complete inhibition after cumulative addition of 200 µg/mL; b) Ammi visnaga showed inhibition at final concentration 100 µg/mL and 300 µg/mL 
and complete inhibition at 500 µg/mL cumulative addition; c) Camel grass: showed significant relaxation at 100 µg/mL; d) Hibiscus: showed 
inhibition only after cumulative addition of 200 µg/mL; e) Barley: showed inhibition only after cumulative addition of 200 µg/mL; f) Lemon rind: 
showed inhibition only after cumulative addition of 200 µg/mL.

a

b

c f

e

d



Bar, et al.

1026  Emir. J. Food Agric ● Vol 33 ● Issue 12 ● 2021

urolithiasis mitigation. Biomed. Pharmacother. 106: 1292-1299.
Al-Snafi, A. 2016. The chemical constituents and pharmacological 

activities of Cymbopagon schoenanthus: A review. Chem. Res. 
J. 1: 53-61.

Amir, A., B. R. Matlaga, J. B. Ziemba and S. Sheikh. 2018. Kidney 
stone composition in the Kingdom of Saudi Arabia. Clin. Nephrol. 
89: 345-348.

Atmani, F. and S. R. Khan. 2000. Effects of an extract from Herniaria 
hirsuta on calcium oxalate crystallization in vitro. BJU Int. 85: 
621-625.

Atmani, F., Y. Slimani, A. Mbark, M. Bnouham and A. Ramdani. 2006. 
In vitro and in vivo antilithiasic effect of saponin rich fraction 
isolated from Herniaria hirsute. J. Bras. Nefrol. 28: 199-203.

Avoseh, O., O. Oyedeji, P. Rungqu, B. Nkeh-Chungag and A. 
Oyedeji. 2015. Cymbopogon species; ethnopharmacology, 
phytochemistry and the pharmacological importance. Molecules. 
20: 7438-7453.

Aziz, S. A., T. L. See, L. Y. Khuay, K. Osman and M. A. Abu Bakar. 
2005. In vitro effects of Plantago major extract on urolithiasis. 
Malays. J. Med. Sci. 12: 22-26.

Bashir, S. and A. H. Gilani. 2009. Antiurolithic effect of Bergenia 
ligulata rhizome: An explanation of the underlying mechanisms. 
J. Ethnopharmacol. 122: 106-116.

Bhadoriya, S. S., A. Ganeshpurkar, J. Narwaria, G. Rai and A. P. 
Jain. 2011. Tamarindus indica: Extent of explored potential. 
Pharmacogn Rev. 5: 73-81.

Bhagavathula, A. S., A. J. Mahmoud Al-Khatib, A. A. Elnour, N. M. 
Al Kalbani and A. Shehab. 2014. Ammi Visnaga in treatment 
of urolithiasis and hypertriglyceridemia. Pharmacogn. Res. 7: 
397-400.

Burns, J. R. and B. Finlayson. 1980. A proposal for a standard 
reference artificial urine in in vitro urolithiasis experiments. 
Invest. Urol. 18: 167-169.

Cardoso Lima, T., M. M. Mota, J. M. Barbosa-Filho, M. R. Viana Dos 
Santos and D. P. De Sousa. 2012. Structural relationships and 
vasorelaxant activity of monoterpenes. DARU J. Pharm. Sci. 
20: 23.

Chauhan, E. S. and J. Aishwarya. 2018. Nutraceuticals potential of 
Petroselinum crispum: A review. J. Complement. Med. Altern. 
Healthc. 7: 555707.

Cragg, G. M. and D. J. Newman. 2013. Natural products: A continuing 
source of novel drug leads. Biochim. Biophys. Acta. 1830: 3670-
3695.

Daudon, M., V. Frochot, D. Bazin and P. Jungers. 2016. Crystalluria 
analysis improves significantly etiologic diagnosis and 
therapeutic monitoring of nephrolithiasis. Comptes Rendus 
Chim. 19: 1514-1526.

De Bellis, R., M. P. Piacentini, M. A. Meli, M. Mattioli, M. Menotta, M. 
Mari, L. Valentini, L. Palomba, D. Desideri and L. Chiarantini. 
2019. In vitro effects on calcium oxalate crystallization kinetics 
and crystal morphology of an aqueous extract from Ceterach 
officinarum: Analysis of a potential antilithiatic mechanism. PLoS 
One. 14: e0218734.

El-Askary, H. I., M. R. Meselhy and A. M. Galal. 2003. Sesquiterpenes 
from Cymbopogon proximus. Molecules. 8: 670-677.

Farmanesh, S., S. Ramamoorthy, J. Chung, J. R. Asplin, P. Karande 
and J. D. Rimer. 2014. Specificity of growth inhibitors and 
their cooperative effects in calcium oxalate monohydrate 
crystallization. J. Am. Chem. Soc. 136: 367-376.

Garimella, T. S., C. I. Jolly and S. Narayanan. 2001. In vitro studies 
on antilithiatic activity of seeds of Dolichos biflorus Linn. and 
rhizomes of Bergenia ligulata Wall. Phytother. Res. 15: 351-355.

Golzari, S. E., H. Soleimanpour, F. Rahmani, N. Zamani Mehr, S. 
Safari, Y. Heshmat and H. E. Bakhtavar. 2014. Therapeutic 
approaches for renal colic in the emergency department: A 
review article. Anesth. Pain Med. 4: e16222.

González-Mas, M. C., J. L. Rambla, M. P. López-Gresa, M. A. 
Blázquez and A. Granell. 2019. Volatile compounds in citrus 
essential oils: A comprehensive review. Front. Plant Sci. 10: 12.

Guerra, A., T. Meschi, F. Allegri, B. Prati, A. Nouvenne, E. Fiaccadori 
and L. Borghi. 2006. Concentrated urine and diluted urine: 
The effects of citrate and magnesium on the crystallization of 
calcium oxalate induced in vitro by an oxalate load. Urol. Res. 
34: 359-364.

He, J. Y., S. P. Deng and J. Ouyang. 2010. Morphology, particle size 
distribution, aggregation, and crystal phase of nanocrystallites in 
the urine of healthy persons and lithogenic patients. IEEE Trans. 
Nanobiosci. 9: 156-163.

Hueppelshaeuser, R., G. E. von Unruh, S. Habbig, B. B. Beck, S. 
Buderus, A. Hesse and B. Hoppe. 2012. Enteric hyperoxaluria, 
recurrent urolithiasis, and systemic oxalosis in patients with 
Crohn’s disease. Pediatr. Nephrol. 27: 1103-1109.

Ibrahim, D., F. M. A. Bar, A. Elgaml, S. R. Gedara and A. A. 
Gohar. 2019. Antimicrobial, Antiquorum-sensing and Ex-vivo 
antispasmodic activity of Adhatoda vasica. J. Pharm. Res. Int. 
31: 1-16.

Khalil, N., M. Bishr, S. Desouky and O. Salama. 2020. Ammi visnaga 
L., a potential medicinal plant: A review. Molecules. 25: 301.

Klimek-Szczykutowicz, M., A. Szopa and H. Ekiert. 2020. Citrus limon 
(Lemon) phenomenon-a review of the chemistry, pharmacological 
properties, applications in the modern pharmaceutical, food, 
and cosmetics industries, and biotechnological studies. Plants 
(Basel). 9: 119.

Kobus-Cisowska, J., P. Szulc, O. Szczepaniak, M. Dziedziński, 
D. Szymanowska, K. Szymandera-Buszka, E. Goryńska-
Goldmann, M. Gazdecki, A. Telichowska and M. Ligaj. 2020. 
Variability of Hordeum vulgare L. cultivars in yield, antioxidant 
potential, and cholinesterase inhibitory activity. Sustainability. 
12: 1938.

Kuru, P. 2014. Tamarindus indica and its health related effects. Asian 
Pac. J. Trop. Biomed. 4: 676-681.

Lahouar, L., A. El Arem, F. Ghrairi, H. Chahdoura, H. Ben Salem, 
M. El Felah and L. Achour. 2014. Phytochemical content and 
antioxidant properties of diverse varieties of whole barley 
(Hordeum vulgare L.) grown in Tunisia. Food Chem. 145: 578-
583.

Mittal, A., S. Tandon, S. K. Singla and C. Tandon. 2016. In vitro 
inhibition of calcium oxalate crystallization and crystal adherence 
to renal tubular epithelial cells by Terminalia arjuna. Urolithiasis. 
44: 117-125.

Morita, M., H. Nakanishi, H. Morita, S. Mihashi and H. Itokawa. 
1996. Structures and spasmolytic activities of derivatives from 
sesquiterpenes of Alpinia speciosa and Alpinia japonica. Chem. 
Pharm. Bull. 44: 1603-1606.

Nirumand, M. C., M. Hajialyani, R. Rahimi, M. H. Farzaei, S. Zingue, 
S. M. Nabavi and A. Bishayee. 2018. Dietary plants for the 
prevention and management of kidney stones: Preclinical and 
clinical evidence and molecular mechanisms. Int. J. Mol. Sci. 
19: 765.

Nouvenne, A., T. Meschi, A. Guerra, F. Allegri, B. Prati and L. Borghi. 
2008. Dietary treatment of nephrolithiasis. Clin. Cases Miner. 
Bone Metab. 5: 135-141.

Pan, S. Y., S. F. Zhou, S. H. Gao, Z. L. Yu, S. F. Zhang, M. K. Tang, J. 
N. Sun, D. L. Ma, Y. F. Han, W. F. Fong and K. M. Ko. 2013. New 
perspectives on how to discover drugs from herbal medicines: 



Bar, et al.

Emir. J. Food Agric ● Vol 33 ● Issue 12 ● 2021 1027

CAM’s outstanding contribution to modern therapeutics. Evid. 
Based Complement. Alternat. Med. 2013: 627375.

Pavlovic, I., E. Omar, M. Drobac, M. Radenkovic, S. Brankovic and N. 
Kovacevic. 2016. Chemical composition and spasmolytic activity 
of Cymbopogon schoenanthus (L.) Spreng. (Poaceae) essential 
oil from Sudan. Arch. Biol. Sci. 69: 113.

Pavlović, I., S. Petrović, M. Radenković, M. Milenković, M. Couladis, 
S. Branković, M. P. Drobac and M. Niketić. 2012. Composition, 
antimicrobial, antiradical and spasmolytic activity of Ferula 
heuffelii Griseb. ex Heuffel (Apiaceae) essential oil. Food Chem. 
130: 310-315.

Pickard, R., K. Starr, G. MacLennan, M. Kilonzo, T. Lam, R. Thomas, 
J. Burr, J. Norrie, G. McPherson, A. McDonald, K. Anson, 
J. N’Dow, N. Burgess, T. Clark, M. Kilonzo, K. Gillies, K. Shearer, 
C. Boachie, S. Cameron, J. Norrie and S. McClinton. 2015. Use of 
drug therapy in the management of symptomatic ureteric stones in 
hospitalised adults: A multicentre, placebo-controlled, randomised 
controlled trial and cost-effectiveness analysis of a calcium 
channel blocker (nifedipine) and an alpha-blocker (tamsulosin) 
(the SUSPEND trial). Health Technol. Assess. 19: 7-8, 1-171.

Ponce-Monter, H., M. G. Campos, S. Pérez, C. Pérez, M. Zavala, 
A. Macías, M. Oropeza and N. Cárdenas. 2008. Chemical 
composition and antispasmodic effect of Casimiroa pringlei 
essential oil on rat uterus. Fitoterapia. 79: 446-450.

Razafindrakoto, J. B., L. Rasoanaivo, A. Wadouachi, L. 
Rahajamanana, R. Razafindrazaka, L. F. Rabemandroso and 
A. Raharisololalao. 2016. Antispasmodic effects of sesselin from 
Cynanchum ambositrense on isolated tissues. J. Pharmacog. 
phytochem. 5: 238-244.

Riaz, G. and R. Chopra. 2018. A review on phytochemistry and 
therapeutic uses of Hibiscus sabdariffa L. Biomed. Pharmacother. 
102: 575-586.

Saha, S. and R. J. Verma. 2013. Inhibition of calcium oxalate 
crystallisation in vitro by an extract of Bergenia ciliata. Arab J. 
Urol. 11: 187-192.

Seikel, M. K. and A. J. Bushnell. 1959. The flavonoid constituents 
of barley (Hordeum vulgare). II. Lutonarin1. J. Org. Chem. 24: 
1995-1997.

Sohgaura, A. K., P. Bigoniya and B. Shrivastava. 2018. In Vitro 
antilithiatic potential of Kalanchoe pinnata, Emblica officinalis, 
Bambusa nutans, and Cynodon dactylon. J. Pharm. Bioallied. 
Sci. 10: 83-89.

Srisubat, A., S. Potisat, B. Lojanapiwat, V. Setthawong and M. 
Laopaiboon. 2014. Extracorporeal shock wave lithotripsy (ESWL) 
versus percutaneous nephrolithotomy (PCNL) or retrograde 
intrarenal surgery (RIRS) for kidney stones. Cochrane Database 
Syst. Rev. 11: CD007044.

Sun, X. Y., M. Xu and J. M. Ouyang. 2017. Effect of crystal shape and 
aggregation of calcium oxalate monohydrate on cellular toxicity 
in renal epithelial cells. ACS Omega. 2: 6039-6052.

Verkoelen, C. F., J. C. Romijn, W. C. de Bruijn, E. R. Boevé, L. C. 
Cao and F. H. Schröder. 1995. Association of calcium oxalate 
monohydrate crystals with MDCK cells. Kidney Int. 48: 129-138.

Yousefi Ghale-Salimi, M., M. Eidi, N. Ghaemi and R. A. Khavari-Nejad. 
2018. Inhibitory effects of taraxasterol and aqueous extract of 
Taraxacum officinale on calcium oxalate crystallization: In vitro 
study. Ren. Fail. 40: 298-305.


