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Abstract 

 

Our study focused on the evaluation of the antioxidant and antilithiasis activity of Paronychia argentea L. extracts used 

in traditional medecine to treat or prevent urolithiasis, particularly their ability to dissolve natural oxalocalcic stones from 

a human. Aerial parts of the Paronychia argentea L. plant were extracted by two distinct methods, using five solvents of 

varying polarities. They were identified by assays of total polyphenols and flavonoids. Antioxidant activity was assessed 

using five different methods, while evaluation antilithiasis activity was carried out through three distinct approaches. The 

herb Paronichia argentea L possesses antilithiasis and antioxidant properties that could be beneficial in treating urinary 

stone disease by reducing their size, achieving a rate of 52%. 

Keywords: Medicinal plant. Anti-lithiasis activity. Radical scavenging. Natural human urinary stone. Dissolution. 

 

 

Resumo 

 

Nosso estudo focou na avaliação da atividade antioxidante e antilitíase de extratos de Paronychia argentea L. usados na 

medicina tradicional para tratar ou prevenir urolitíase, particularmente sua capacidade de dissolver cálculos oxalocalcic 

naturais de um humano. Partes aéreas da planta Paronychia argentea L. foram extraídas por dois métodos distintos, 

usando cinco solventes de polaridades variadas. Elas foram identificadas por ensaios de polifenóis totais e flavonoides. 

A atividade antioxidante foi avaliada usando cinco métodos diferentes, enquanto a avaliação da atividade antilitíase foi 

realizada por meio de três abordagens distintas. A erva Paronichia argentea L possui propriedades antilitíase e 

antioxidantes que podem ser benéficas no tratamento de cálculos urinários, reduzindo seu tamanho, atingindo uma taxa 

de 52%. 

Palavras-chave: Planta medicinal. Atividade antilitíase. Eliminação de radicais. Cálculo urinário humano natural. 

Dissolução. 
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1. Introduction 

 

Stone formation in the kidney is one of the oldest and most widespread diseases known to 

man (AGARWAL; VARMA, 2014). They affect 5 to 15% of adults (ANAND et al., 2021) while 

urinary stone disease is a common disorder estimated to occur in approximately 12% of the population 

(VIEL et al., 1999). A stone is an aggregation of solute materials from urine, such as calcium, oxalate, 

phosphate and uric acid (AGARWAL; VARMA, 2014). Nowadays, kidneys and their problems have 

gained increasing interest concomitant with life changes, industrialization and malnutrition 

(BENCHEIKH et al., 2021). 

Calcium oxalate stones represent up to 80% of analyzed stones. Calcium phosphate account 

for 15-25%, while 10- 15% is mixed stones. The others are struvite 15-30%, cystine 6-10%, and uric 

acid stones 2-10% (AGARWAL; VARMA, 2014; ANAND et al., 2021) followed by minute amount 

of calcium carbonate (PHATAK et al., 2015). Struvite stones are classified as infectious lithiasis 

because their presence indicates the presence of a ureolytic germ that can cause a sufficiently high 

alkalinity of the urine to cause the simultaneous precipitation of ammonium and magnesium 

phosphates (MAMMATE et al., 2023). 

Calcium oxalate (CaOx) crystals are usually present in different forms: calcium oxalate 

monohydrate (whewellite), dihydrate (weddellite) and the rarer trihydrate (AGARWAL; VARMA, 

2014). High concentrations of CaOx crystals, or of oxalate itself, lead to toxic effects on renal cells 

which induce cell surface alterations, thus unmasking attachment sites for adhesion and/or 

internalization of crystals by renal epithelial cells (DE BELLIS et al., 2019). 

The pathogenesis of calcium oxalate stone formation is involved nucleation, crystal growth, 

crystal aggregation, and crystal retention in multistep process (PHATAK et al., 2015). 

Lithiasis is the term used to refer to kidney stones; this could be triggered by low activity, 

diet, or genetics (TIENDA-VAZQUEZ et al., 2022). 

Intake of oxalate-rich foods should be limited. These include spinach, beets, nuts, chocolate, 

tea, and strawberries which have been shown raising and significant urinary oxalate excretion 

(PHATAK et al., 2015). Excess fluid intake, salt restriction, and protein consumption are all 

recommended. The use of calcium during mealtime is advised to avoid calcium oxalate formation 

(PHATAK et al., 2015). 

Drug prescribed for the treatment of renal stone dependent on the type of the stone and the 

patient characteristics. Thiazide diuretics are frequently used to reduce the risc of calcium stone 

recurrence (AL-SNAFI, 2023). 

Several medicinal plant extracts have been reported for in vitro anti-crystallization activities 

till date such as: Punica granatum L. (KACHKOUL et al., 2023) Zizyphus Lotus (BADDADE et al., 

2019), Peperomia tetraphylla (NISHANTHI et al., 2016), Melastoma malabathricum Linn 

(SULEIMAN et al., 2018) and Juncus acutus (ALIAT et al., 2020). In ayurveda many plants having 

the property of disintegrating and dissolving the stone are referred to as “pashanbheda” (AGARWAL; 

VARMA, 2014; PHATAK et al., 2015). 

Indeed, the alternative treatment using herbal medicine has come into demand in recent years 

and has renewed interest in the plants that are effective, safe, and culturally acceptable 

(KHOUCHLAA et al., 2020). 

Plants have always played a significant role in traditional medicine in underdeveloped 

countries and have also been an integral part of local communities’ history and cultural practices 
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(BENCHEIKH et al., 2021). In Algeria, more and more people are turning to traditional medicine to 

treat this disease (KHITRI et al., 2016).  

Development of plant-based medicine as alternative or complementary to the conventional 

system of medicine have drawn tremendous attention and serves as an immense source of new drug 

entities (BAWARI et al., 2018). Based on these grounds, Paronychia argentea L. was selected for 

the present study.  

Paronychia argentea L. is a perennial plant that belongs to the family of Caryophyllaceae in 

habitats of the Mediterranean area. (ABDELKHALEK et al., 2021, ARKOUB-HAMITOUCHE et 

al., 2020). It is the most common plant used abundantly in conventional medicines in Algeria and is 

popularly known as Arabic tea (Kassaretlahdjer, Fettatlahdjer or Bissatelmoulouk) (ARKOUB-

HAMITOUCHE et al., 2020; VEERARAGHAVAN et al., 2020). Extracts from its aerial parts have 

been frequently used in folk Algerian medicine as diuretic, to treat kidney stones or prostate 

discomfort, stomach ulcer, anorexia and as an antimicrobial agent (ARKOUB-HAMITOUCHE et al., 

2020). The literature review showed the great medicinal bioactivities of Paronychia argentea. Its 

extract has antioxidant, antimicrobial, and nephroprotective activities (ABDELKHALEK et al., 

2021).  

The main objective is the phytochemical study, exploiting the antioxidant power and 

contribute to the valorization of improved traditional medicine for the treatment of urolithiasis in 

Algeria. 

 

2. Materials and methods 

 

2.1. Chemicals 

All chemicals used were obtained from Sigma Aldrich, while ethyl acetate, methanol and 

trisodium citrate dihydrate were procured from Biochem. 

 

2.2. Plant material  

Paronychia argentea was collected from the region of Ain Abbassa, 20 Km from the wilaya 

of Sétif in spring during the month of March. His aerial parts are dried for several days in the dark in 

a dry, aerated place. After drying, they are ground into a fine powder using a mechanical grinder, 

which is stored away from light and moisture until use. 

 

2.3. Determination of water content 

Moisture content is defined as the loss of weight during drying (YEO et al., 2011). Water 

content is determined by calculating the difference in weight before and after drying using formula 

1: 

MC% =
w1−w2

w1
× 100    (1) 

MC%: moisture content; W1: weight in g of sample before drying (fresh plant); and W2: weight in g 

of sample after drying (dried plant). 

 

2.4. Extraction 

Once the plant product has been properly prepared, it can be used as a raw material to obtain 

the various extracts. Solid-liquid extraction remains the most widespread technique for recovering 

and isolating bioactive compounds. This is due to its simplicity of use and relatively high efficiency. 

For this purpose, we used two different extraction methods: 
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First method (M1) 

The first method involves successive maceration with five solvents of increasing polarity 

(petroleum ether, dichloromethane, ethyl acetate, methanol, and water) (DIALLO et al., 2004). 

Extraction with petroleum ether (PE) is designed to train fats and lipophilic substances, while 

extraction with dichloromethane (DCM) is used to extract moderately polar compounds. On the other 

hand, extraction with ethyl acetate (EA) produces an extract rich in polar compounds. Extraction with 

methanol (MeOH) serves to obtain an extract rich in highly polar compounds, while extraction with 

water (H2O) extracts strongly polar compounds. 

100g of dry powder is first macerated in 750 ml of petroleum ether. After 24 hours of 

maceration with soxhlet at the boiling temperature of each extraction solvent, the extracts (EEP, 

EDCM, EAE1, EMeOH1, and EAQ1) were concentrated under vacuum with a steam rota at 

temperatures of 37°C, 40°C, 77°C, 55°C, and 95°C, respectively. The extracts obtained were poured 

into petri dishes and oven-dried (40°C), then preserved in dark vials for later use. 

 

Second method (M2) 

In this method, the maceration is repeated with the same solvents, but this time applied directly 

to the delipidated powder. 

100 g of the dry powder was first macerated in 750 ml of EP for 24 hours, then divided into 

four fractions of 24 g, which were subsequently taken up with 500 ml of DCM, AE, MeOH, and H2O. 

Extracts were filtered and evaporated to a dry state, and the residues were weighed. 

 

Yield calculations 

The percentage of dry extract was calculated using formula 2: 

Y% =
w

w0
× 100    (2) 

Y: yield expressed in %; W: weight in grams of resulting dry extract; and W0: weight in grams of 

plant material to be treated. 

 

2.5. Foam index 

The evaluation of saponins consists of calculating the foam index, which is provided by the 

degree of dilution of an aqueous decoction of a plant that, under given conditions, gives a persistent 

foam (DOHOU et al., 2003). 

 

2.6. Phytochemical assays 

In our work, phytochemical tests for the majority of known secondary metabolites were 

carried out on the various extracts prepared. Among them, we mention two tests. All samples were 

analysed in triplicate. 

 

2.6.1. Total polyphenol content 

According to the method of Le et al. (2007), total polyphenols were determined using the 

Folin-Ciocalteu reagent, which forms a redox complex during phenol oxidation (BOIZOT et al., 

2006). Absorbance was checked at 760 nm. The calibration curve was plotted with gallic acid at 

different concentrations (0–100 µg/ml).  

 

2.6.2. Flavonoid assay 
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The flavonoid content of extracts is determined by the aluminum trichloride method. 

Absorbance is read at 430 nm. The calibration curve is run with quercetin at different concentrations 

(0–24 µg/ml), using the same conditions and assay steps. Results are expressed in mg quercetin 

equivalent per gram of extract (mgEQ/g extract) (CHANG et al., 2002). 

 

2.7. Antioxidant activities 

Antioxidant activities were studied on four extracts of Paronychia argentea L.: EMeOH1, 

EMeOH2, EAQ1, and EAQ2 by five different methods. All samples were analysed in triplicate. 

 

Total antioxidant activity 

The phosphomolybdenum method was employed to evaluate total antioxidant capacity 

through the assay of green phosphate/MO5+ complexes (CHEURFA; ALLEM, 2016; CHAOUCHE 

et al., 2014; HAMED et al., 2022). Absorbance was measured at 695 nm against the blank. Total 

antioxidant capacity was expressed as milligrams of standard antioxidant equivalent per gram of 

extract (mg Estd/g extract).  

 

Reducing power  

The reducing power of Fe3+ is determined according to the method described by Yen and 

Chen (2015). The intensity of the appearing blue-green colour was meseared at 700 nm. Ascorbic 

acid, BHT, and BHA were used as reference antioxidants whose absorbance was measured under the 

same conditions as the samples. 

The EC50 (the sample concentration corresponding to an absorbance of 0.5) is calculated from 

the curve of absorbance versus sample concentration (BOUGANDOURA et al., 2013; FERREIRA 

et al., 2007). 

 

Ferrous ion-chelating activity 

The antioxidant activity of the extracts, compared with standard chelator (EDTA), was 

evaluated in terms of ferrous chelation. The complexation of residual iron with ferrozine gives a 

purple color with an absorption maximum at 562 nm. Chelating activity is expressed as a percentage 

using equation 1 (DECKER; WELCH, 1990): 

Chelation activity (%) =
A𝑐−A𝑠

A𝑐
× 100     (1) 

Ac: standard absorbance; As: sample absorbance. 

 

ABTS.+ cationic radical scavenging  

The scavenging capacity of the ABTS.+ cation radical was determined according to the 

method of Re et al. (1999). Absorbance of the mixture was determined at 734 nm against the blank 

where the sample was omitted. Antiradical activity is expressed as a percentage of ABTS.+ radical 

inhibition using formula 3. 

(%)ABTS.+inhibition =
A𝑐−A𝑒

A𝑐
× 100     (3) 

Ac: Absorbance of control; and Ae: Absorbance of sample. 

The graphs of the variation of the absorbance as a function of the concentration allowed us to 

determine the IC50 (concentration corresponding to 50% inhibition). 

 

β-carotene bleaching test 
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The ability of aqueous and methanolic extracts of Paronychia argentea L. to prevent β-

carotene bleaching is determined according to the method described by Alam et al. (2013), with some 

modifications. Readings of all samples were performed immediately after (t = 0 min) and after 120 

min of incubation. Antioxidant activity is expressed as a percentage of inhibition compared with the 

negative control according to equation 2: 

I% = [1 −
(As−As120)

(Ac−Ac120)
] × 100     (2) 

As: Initial absorbance of sample; As120: Absorbance of sample at 120 min; Ac: Initial absorbance of 

negative control; and Ac120: Absorbance of negative control at 120 min. 

 

2.8. In vitro study of antilithiasis activity 

To assess the anti-lithiasis activity of our extracts, we used three different methods. For the 

first two techniques, all samples were analyzed in triplicate. 

 

The kinetics of oxalo-calcic crystallization through turbidimetry 

With minor modifications to the work of Bensatal and Ouhrani (2008) we perform this 

analysis without and with an inhibitor-containing extract solution (25, 50, 75, and 100%) against a 

positive control (1.875 mM trisodium citrate) at the same dilutions. The percentage of inhibition is 

calculated according to formula 4. 

I% =
(TC−Ti)

TC
× 100    (4) 

Tc is the turbidimetric slope without inhibitor; Ti is the turbidimetric slope with inhibitor. 

 

The kinetics of oxalo-calcic crystallization through microscopy 

In accordance with Agarwal and Varma (2014), the turbid solution (without and with 

inhibitors) with a determined volume is placed under a microscope for examination. The manipulation 

is repeated against a positive control (1.875 mM trisodium citrate) at identical dilutions. The 

percentage of inhibition is calculated using formula 5.  

I% =
(TSI−TAI)

TSI
× 100    (5) 

TSI and TAI are the number of calcium oxalate crystals formed in the absence and the presence of 

the inhibitor, respectively. 

 

Dissolution of calculi tracking 

In this method, we ex-vivo monitored the effects of various extracts by following the mass 

variation of natural calculi over seven days for six weeks (HANNACHE et al., 2012). For this 

purpose, stones were collected from a patient suffering with urinary lithiasis at the Msila Hospital 

urology department. Their weights varied from 187.4 to 412.6 mg. They were analyzed by Fourier 

transform infrared spectophotometry (FTIR) using the KBr pallet. The spectrum was recorded on an 

FTIR spectrometer (Shimadzu-1800S) between 4000 and 400 cm-1 with a resolution of 4 cm-1. 

Seven Erlenmeyer flasks, including 25 mL of EAQ1, EAQ2, EMeOH1, and EMeOH2, 

infused in distilled water (INF) and infused in physiological saline at a concentration of 8 mg/mL 

(INF (NaCl)), were prepared. The seventh Erlenmeyer flask served as the negative control 

(physiological saline, 9 g/L). Subsequently, the calculi were taken into porous woven fiber pouches 

and placed in the Erlenmeyer flasks. The efficacy of the extracts is expressed as the dissolution 

percentage (MEIOUET et al., 2011), calculated by formula 6:  
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a% =
(Winitial−Wfinal)

Winitial
× 100    (6) 

a% is the dissolution rate of the calculus; Winitial, Wfinal are the weights of the calculi before and 

after incubation in different solutions. 

 

2.9. Statistical analysis 

In the various experiments carried out, results are expressed as mean ± SD in order to perform 

an analysis of variance (ANOVA). Calibration lines are calculated by simple linear regression. 

Significant differences between the anti-lithiasis activity results of the different extracts and 

those of citrate, obtained by microscopy, are determined by a controlled two-factor analysis of 

variance with a risk of error α set at 5%. 

Significant differences between antioxidant and antilithiasis (turbidimetric) activity results are 

determined by controlled single-factor analysis of variance, followed by the Tukey/Dunnet test for 

multiple comparisons at the 5% threshold. All statistical calculations were performed using GraphPad 

Prism. 

 

3. Results and discussion 

 

3.1 Determination of water content 

Plants are naturally rich in water, which makes up between 60 and 80% of their composition. 

However, to ensure optimal preservation, the water content must be kept below or equal to 10%. The 

plant that we studied had a water content of 12% in the dry matter. Although this value is slightly 

higher than the ideal range, it still allows for adequate preservation. This is particularly useful when 

considering the fresh harvest, including flowers rich in volatile compounds (BOURKHISS et al., 

2009). 

 

3.2 Analysis of plant extraction 

The results of our extractions reveal, firstly, the richness of Paronychia Argentea in highly 

polar compounds. This leads to high yields of EAQ and EMeOH extracts as opposed to EDCM and 

EAE extracts (Table 1). 

Secondly, the yields of the extracts obtained by the second method exceed those of the first. 

This is attributed to the presence of compounds with polarities close to those observed in the two or 

three solvents. 

A comparison with a previous study on the same species in the Mechria region revealed 

differences in yields as a function of the extraction method used (MOHAMMEDI, 2013). 

According to Majhenic et al. (2007), the content of dry extracts varies not only between 

different plants of the same family but also depending on the extraction parameters such as 

temperature, solvent, particle size, and solvent diffusion coefficient (MAJHENIC et al., 2007). In 

addition, a similar study carried out in the Marrakech region, on a related species led to comparable 

results in terms of index (BRAHIM et al., 2015).  

 

Table 1 - Yields obtained from two extraction methods 

The 

extract 

Weight of dry 

residue (g) 

Weight of the 

dry extract (g) 
Yeld% 

 M1 M2 M1 M2 M1 M2 

EEP 100 100 3.4 3.4 3.4 3.4 

EDCM 96.4 24.4 0.9 0.21 0.9 0.9 
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EAE 93.4 23.7 1 0.4 1.07 1.6 

EMeOH 87.7 24 10.4 3.8 11.8 12.8 

EAQ 78.8 25.1 5.1 4.9 6.4 17.9 

 

3.3 Determination of foaming index 

A persistent foam formation reaching 1 cm with a foam index of 222.222 attests to the saponin 

richness of our plant, a result very similar to that observed in this region of Morocco. 

 

3.4 Phytochemical analysis 

Examining the total polyphenol results, it is clear that some extracts contain high polyphenols, 

such as EMeOH2, EMeOH1, EAE1, EAQ1, and EAQ2, while others have lower values (EDCM and 

EAE2). These differences are due to the medium polarity of DCM and ethyl acetate. 

Statistical analyses have confirmed significant differences in the total polyphenol contents 

among the various extracts at a 5% significance level. Previous studies have demonstrated variable 

polyphenol contents depending on the extraction method used (GONÇALVES et al., 2013). 

In particular, extracts EAE2 and EMeOH1 exhibit high flavonoid contents, while extracts 

EDCM and EAE1 show lower values. 

 

3.5. Antioxidant activities 

 

Total antioxidant capacity 

The total antioxidant capacity of the extracts studied is expressed as ascorbic acid, BHT, and 

BHA equivalents, derived from the calibration curves of each standard (Table 2).  

Table 2 shows that EMeOH2 has the highest antioxidant power (272.22 µg EVc/1mg extract), 

followed by EMeOH1 and EAQ2 (259.35 and 257.03 µg EVc/1mg extract), respectively, while 

EAQ1 has the lowest power (182.40 ± 2.99 µg EVc/1mg extract), with all three standards. This 

observed potency may be due essentially to the richness of the extracts in polyphenol and flavonoid 

content. 

 

Table 2 - Total antioxidant activity of various extracts of Paronychia argentea L. 

 

Extracts 

Ascorbic acid  

(µg EVc/1mg extract 

) 

BHT  

(µg EBHT/1mg extract ) 

BHA  

(µg EBHA/1mg extract ) 

EMeOH2 272.22±3.33 ns 266.39±3.33 ns 276.48±3.33 ns 

EMeOH1 259.35±5.69 ns 253.52±5.69 ns 262.68±5.69 ns 

EAQ2 257.03±10.26 ns 251.20±10.26 ns 260.37±10.26 ns 

EAQ1 182.40±2.99*** 176.57±2.99*** 185.74±2.99*** 

 

Statistical variations between extracts reveal: 

- The existence of a highly significant difference (P ˂ 0.05) between EAQ1 and the three extracts: 

EAQ2, EMeOH1, and EMeOH2. 

- A non-significant difference (P ˂ 0.05) between extracts EAQ2, EMeOH1 and EMeOH2. 

It should be noted that the total antioxidant effect exerted by these extracts is very considerable 

compared with many results, citing as an example the work carried out by Abbasi et al. (2015) on 

Silene conoidea L. and Stellaria media L. (family Caryophylaceae), in the same family as Paronychia 
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argentea L., which showed that the antioxidant power of the acetone extract was greater than that of 

the aqueous extract for Silene conoidea L. and Stellaria media L. 

 

Ferric reducing power 

The methanolic extracts had the best reducing power, with EMeOH2 being the best reductant 

of ferric ions (EC0.5 = 342 µg/ml), followed by EMeOH1. Aqueous extracts showed low reducing 

power (Table 3). 

Statistical analysis shows that all EC0.5 values for the four extracts differ significantly at the 

5% level from each other and from the three standards. 

Sait et al. (2015) reported the reducing power of ethanolic, infused, and decocted extracts of 

the same species, but from western Bejaia. The ethanolic extract proved to be the best reducer, with 

an EC0.5 of 188 µg/ml, while the infused and decocted extracts had EC0.5 of around 357 µg/ml and 

518 µg/ml, respectively. 

The difference in potency between their extracts and ours can be attributed to climatic factors 

and the extraction method used. 

 

Chelation power of ferrous ions 

This method uses ferrous ion chelation by extracts to inhibit the formation of the Fe (II)-

Ferrozine complex after Fe²⁺ treatment. EDTA is the most commonly chelating agent added in 

medicines and cosmetic to prevent oxidation (LOMBARDO et al., 2020). The results show that 

EDTA exerts a 100% chelating effect at a concentration of 60 μg/ml, while the aqueous extracts, 

EAQ1 and EAQ2, exert maximum chelating effects of 86% and 82%, respectively, at a concentration 

of 150 µg/ml.  

Table 3 reveals that the two extracts EAQ1 and EAQ2 show good chelating activity, with 

EC50 values of 38.34 µg/ml and 70.34 µg/ml, respectively, which are not statistically different from 

EDTA at the 5% level. However, the two methanolic extracts show a very weak chelating effect 

(EC50 = 2821.54 µg/ml and 3150.55 µg/ml for extracts EMeOH1 and EMeOH2, respectively), 

demonstrating the existence of a highly significant difference (P < 0.05). 

It's very important to point out that the EAQ1 (38.34% ± 0.48 µg/ml) and EAQ2 (70.34% ± 

0.23 µg/ml) extract results are so similar to those obtained by Gonçalves et al. (2013), on the same 

species from the Algarve region (southern Portugal), for hot-infused (39.80% ± 8.66 µg/ml) and cold-

infused (67.29% ± 4.49 µg/ml), respectively. 

 

ABTS.+ cationic radical scavenging 

The antioxidant activity of the various extracts is deduced from their ability to trap the 

ABTS.+ radical obtained from ABTS, compared to the standard antioxidant BHT. 

The first observation to be deduced from these results is that all the extracts studied show 

considerable anti-radical activity and are capable of scavenging the ABTS.+ radical (Table 3).  

The two extracts, EMeOH1 and EMeOH2, revealed potent inhibitory activity with IC50 of 

145.117 and 142.364, respectively, while the EAQ1 and EAQ2 extracts represented lower inhibitory 

activity with IC50 of 675.400 and 320.824, respectively. 

The results of the antiradical power of Paronychia argentea L. prove that it exhibits a 

powerful power compared to other species in the Caryophylaceae family. Balamurugan et al. (2013) 

found that Polycarpaea corymbasa L.'s methanolic extract inhibits free radicals by 29.83% at 800 

µg/ml. 
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β-carotene bleaching assay 

The bleaching kinetics of β-carotene in the absence and presence of Paronychia argentea L. 

extracts and standard antioxidants (BHT) were monitored. 

The mean values for percent bleaching inhibition of -carotene SD are summarized in Table 

3.  

 

Table 3 - EC0.5, EC50, IC50, and percentage inhibition values for extracts and stadards 

 FRAP Ferrous chelation ABTS.+ β-carotene 

Sample EC0,5 (µg/ml)   EC50 (µg/ml)  IC50 (µg/ml)   Inhibition (%)  

EMeOH2 342.33 ± 0.004*** 3150.55 ± 1.38*** 142.364 ± 0.939 ns 87.583 ± 2.427 ns 

EMeOH1 574.33 ± 0.008*** 2821.54 ± 0.46*** 145.117 ± 0.476 ns 79.066 ± 1.294*** 

EAQ2 1595.35 ± 0.3*** 70.34 ± 0.23ns 320.824 ± 0.818*** 85.317 ± 3.318 ns 

EAQ1 1799.45 ± 0.1*** 38.34 ± 0.48ns 675.400 ± 0.873*** 74.627 ± 4.95*** 

Ascorbic acid 106.48 ± 0.004***    

BHT 152.55 ± 0.004 ns  47.654 ± 0.347 ns 88.635 ± 3.332 ns 

BHA 142.55 ± 0.002 ns    

EDTA  15.35 ± 0.0007ns   

 

These results enabled us to conclude that the EMeOH2, EAQ2, and EMeOH1 extracts exert a 

strong inhibition power of -carotene bleaching of the order of 87.583%, 85.317%, and 79.066%, 

respectively. These values are very close to those of BHT (88.635%), validated by a non-significant 

difference at the 5% threshold. EAQ1 extract, in turn, exerts a considerable power of the order of 

74.627%, with a significant difference at the 5% level. 

According to Arkoub-Hamitouche et al. (2020), the antioxidant properties of P. argentea 

aqueous and alcoholic extracts have been documented in vivo and in vitro. They demonstrated strong 

prevention of lipid peroxidation as well as a chemoprotective impact by quenching free radicals. This 

antioxidant efficacy is mostly attributable to their phenolic components (phenolic acids, tannins, and 

flavonoids), which appear to be critical given the involvement of free radicals in the onset and 

progression of degenerative diseases such as arthritis, cancer, and Alzheimer's disease, among others. 

 

3.6. In vitro study of antilithiasis activity 

 

The kinetics of oxalo-calcic crystallization using turbidimetry 

To assess and compare the inhibitory impact of the extracts and monitor the crystallization 

progression, it is essential to conduct a trial without an inhibitor, serving as a reference. Figure 1 

presents the variation in absorbance of calcium oxalate as a function of time, showing the general 

appearance of crystallization, with the growth stage and crystal aggregation clearly visible. The 

germination stage, generally defined by a very short induction time, appears in this test within the 

first 15 seconds. 

To evaluate the inhibitory potential of various extracts on crystallization, we tested different 

concentrations (25%, 50%, 75%, and 100%) alongside a reference, sodium citrate. We concluded that 

all curves showed a trend towards crystallization based on the curves obtained (Figure 1). The tested 

extracts demonstrated varying degrees of inhibitory effect, and the profiles of the anti-lithiasis power 

obtained indicate that their inhibitory capability is dose-dependent. 
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The evaluation of the inhibitory power is determined by the percentage of inhibition. The 

various inhibition percentages, as well as the slope values and regression coefficients, are listed in 

Table 4. 

 

Table 4 - Turbidimetric parameters of oxalo-calcic crystallization with various inhibitors 

The extract 

The 

concentration 

(%) 

The 

slope 
R 

Inhibition 

(%) 

EMeOH1 

25 0.0015 0.996 74 

50 0.0014 0.983 76 

75 0.0013 0.974 78 

100 0.0011 0.987 81 

EMeOH2 

25 0.0013 0.992 79 

50 0.0010 0.973 83 

75 0.0009 0.970 85 

100 0.0007 0.976 87 

EAQ1 

25 0.0012 0.994 79 

50 0.0009 0.992 84 

75 0.0006 0.993 90 

100 0.0004 0.991 92 

EAQ2 

25 0.0023 0.989 61 

50 0.0014 0.982 76 

75 0.0012 0.984 80 

100 0.0010 0.978 82 

Citrate 

25 0.0008 0.98 85 

50 0.0006 0.986 89 

75 0.0001 0.989 98 

100 0.0001 0.972 99 
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Figure 1 - Inhibitory effect on oxalo-calcic crystallization over time at various concentrations (25%, 50%, 75%, and 

100%) for extracts EAQ1, EAQ2, EMeOH1, EMeOH2, and citrate. 

 

The decrease in turbidimetric slope directly reflects inhibitory effectiveness. The minimum 

value (0.0004) was observed with EQA1 at a concentration of 100%, yielding an inhibition 

percentage of 92%, which is relatively close to that of citrate (at the same concentration), showing 

almost complete inhibition (99%). It's notable that the analysis of variance (p < 0.05) indicates a 

significant difference between them. 

The extracts EMeOH2 (75% and 100%) and EAQ1 (75%) also exhibited significant anti-

lithiasic activity, with inhibition percentages of 85, 87, and 90%, respectively. It's worth noting that 

EAQ1 at 75% is more effective than EMeOH2 at 100%. A significant difference was observed both 

among the inhibitory effects of the extracts themselves and between the extracts and citrate, as 

confirmed by statistical analysis at a 5% significance level. 

 

Following oxalo-calcic crystallization through microscopy 

The evolution of the anti-lithiasic power can be monitored through an optical microscope, 

which provides visual access to the different stages of oxalo-calcic crystallization. This method can 

be used to study the inhibitory effect of different extracts based on two controlled parameters: time 

and inhibitor concentration. 
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Figure 2 depicts photos of the crystallization reaction taken at 30 seconds, 5, 15, 30 minutes, 

and 1 hour, leading to the following deductions: 

The reaction is very rapid, marked by the appearance of small crystals within the first 30 

seconds (Photo 2a), which is explained by the reduced germination time. The size of these crystals 

increases over time, accompanied by a decrease in their numbers. Photo 2d illustrates the aggregation 

of already-formed crystals, while Photo 2e shows almost complete aggregation. 

 

 
 

  

                     
 

Figure 2 - Images of oxalo-calcic crystallization without inhibitor taken by optical microscope (X 40) after 30 s (a), 5 min 

(b), 15 min (c), 30 min (d), and 1 hour (e). 

 

We selected the extracts EAQ1, EAQ2, EMeOH1, and EMeOH2 to evaluate their inhibitory 

power, comparing them with the effect of citrate on oxalo-calcic crystallization. 

Microscopic observation revealed that the extracts reduce the size of crystals with a significant 

decrease in their number, and they also prevent aggregation (Figure 3). The inhibitory power is 

estimated by calculating the inhibition percentage of each extract at different stages of crystallization 

and concentrations and comparing them to citrate (Table 5).  

It is confirmed that at a high concentration, the inhibitory power of citrate shows inhibition 

percentages higher than 94%. At low concentrations (25% and 50%), the EMeOH2 extract exhibits a 

significant percentage of inhibition (91% and 93%) after 1 hour, with no significant difference at the 

5% threshold compared to citrate. 

The extracts EAQ1, EMeOH1, and EMeOH2 at concentrations of 75% and 100% 

demonstrated strong inhibitory power, with inhibition percentages of 90% and 97%, respectively. The 

majority of these percentages show no significant difference compared to citrate (p < 0.05). The 

a b 

 

c 

 

d

 

 

e 
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analysis of variance for two controlled factors reveals their significant influence on the experimental 

results, with a highly significant interaction between the two factors (p < 0.05). 

 

 
 

  

 
 

  

 
 

  

   
Figure 3 - A photograph showing the effect of EMeOH and EAQ extracts at concentrations of 50 and 100% on oxalocalcic 

crystallization for 5, 15, and 60 min, taken with an optical microscope (X40). 
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Table 5 - Percentage inhibition of various inhibitor 

  Time 

 Extract 30 s 5 min 15 min 30 min 1 h 

25 

 

 

  

EAQ1 13 ± 0.57*** 32 ± 2.22*** 49 ± 1.14*** 56 ± 2.07*** 60 ± 0.68*** 

EAQ2 40 ± 0.38*** 46 ± 1.34*** 61± 0.65*** 68± 0.91*** 73 ±1.42*** 

EMeOH1 40 ± 1.23*** 47 ± 1.34*** 60± 0.56*** 64 ±0.91*** 82± 1.06 ns 

EMeOH2 35 ± 1.23*** 44± 0.30*** 64 ± 0.65*** 74 ±0.68*** 91±0.68 ns 

Citrate 61 ± 0.76 ns 66± 0.53 ns 75 ± 0.49 ns 84 ± 0.91 ns 89± 1.18 ns 

50 

 

 

  

EAQ1 31 ± 1.53*** 64 ± 0.30*** 70 ± 1.31*** 79 ± 1.22*** 82 ± 1.04*** 

EAQ2 54 ± 0.44*** 65 ± 0.81*** 73 ± 0.65*** 75 ± 0.59*** 80± 0.79** 

EMeOH1 52±0.01*** 56 ± 0.53*** 66 ± 0.49*** 74 ± 0.68*** 82 ± 1.46*** 

EMeOH2 51 ± 0.96*** 56 ± 0.53*** 73 ± 0.48*** 80±0.56** 93 ± 0.68 ns 

Citrate 81 ± 0.58 ns 83 ± 1.63 ns 92 ± 0.24 ns 92± 1.22 ns 95 ± 0.68 ns 

75 

 

 

  

EAQ1 47 ± 2.11*** 64 ± 0.81*** 86 ± 0.65*** 87 ± 0.58** 90±0.68 ns 

EAQ2 63 ± 0.38*** 72± 1.11*** 76± 0.60*** 81± 0.34*** 89±0.68*** 

EMeOH1 57 ± 0.30*** 70 ± 0.80*** 73 ± 0.24*** 81 ± 1.22*** 94 ± 0.39 ns 

EMeOH2 69 ± 0.58*** 73 ± 0.61*** 86 ±0.65*** 91 ±0.58* 94 ± 0.93 ns 

Citrate 90 ± 0.38 ns 90 ± 0.30 ns 94 ± 0.43 ns 96 ± 0.58 ns 97 ± 0.86 ns 

100 

 

 

 

  

EAQ1 68 ± 0.58*** 72 ± 0.53*** 91± 0.56** 92± 0.58** 96± 0.39 ns 

EAQ2 73 ± 0.58*** 85± 0.50*** 84 ± 0.49*** 85 ± 0.60*** 89± 0.01*** 

EMeOH1 63 ± 0.38*** 79 ± 0.92*** 82± 0.89*** 89 ± 0.34*** 97± 0.68 ns 

EMeOH2 86 ± 0.50*** 85 ± 0.53*** 90 ± 0.65** 95 ± 0.30 ns 95 ± 0.40* 

Citrate 95 ± 0.22 ns 94 ± 0.30 ns 98 ± 0.34 ns 98 ± 0.58 ns 99 ± 0.39 ns 

* significant difference between extracts and citrate, ns difference not significative (p<0.05). 

 

The dissolution process of urinary stones (ex-vivo method) 

To enhance comprehension of our plant's inhibitory effect, we initiated a third method. This 

method involves monitoring the mass loss of urinary calculi under the influence of various extracts 

during a 6-week incubation period. 

The infrared analysis results (Figure 4) of urinary stones from patients with urinary diseases 

indicate the presence of oxalate. This was confirmed by the appearance of the following peaks: 

- The oxalate anion's C=O antisymmetric and symmetric stretching modes [as(CO) and s(CO)], in 

the wave numbers 1700-1600 cm-1 and 1400-1200 cm-1, respectively. For hydrated compounds, the 

HOH bending mode also contributes in the as(CO) region (CASADIO et al., 2019 ; MAMMATE et 

al., 2022). The bending mode δ(OCO) in the range of 830-770 cm-1 was identified (SILVERSTEIN 

et al., 1962). 

According to Roy et al. (2012), other low-energy vibrations are related to mixed vibrations 

that arise from stretching and bending modes, including water in the lattice and ring deformation. 

Similarly, the higher wavenumber broad absorption around 3450 cm-1 is related to the OH group due 

to the presence of water (ROY et al., 2012). 

This finding helps to identify urinary stones as oxalocalcic type, providing important 

information for anti-lithiasis testing. 
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Figure 4 - The infrared spectrum corresponds to oxalocalcic urinary lithiasis. 

 

The calculated dissolution rates, expressed as percentages, are summarized in Table 6.  

 

Table 6 - Dissolution rate of urinary stones from various extracts 

The extract Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 

INF (NaCl) 2.06 4.9 9.4 11.5 13.1 14.8 

INF 2.02 6.7 7.8 10.4 21.8 25.4 

EAQ1 2.00 5.1 7.3 25.05 32.9 36.8 

EAQ2 5.1 7.1 10.07 39.4 47.9 52.3 

EMeOH1 4.2 7.9 8.5 18.2 24.7 31.3 

EMeOH2 3.1 8.3 15.04 20.6 34.2 42.6 

NaCl(9 g/l) 1.7 5.7 9.4 10.5 12.2 13.1 

 

Examination of these results indicates that dissolution kinetics appear to vary depending on 

the incubation extract. 

During the first two weeks, mass loss varies slightly. Except for the extract prepared by 

infusion in physiological medium, there is a significant loss of mass after three weeks. The EAQ2 

and EMeOH2 extracts proved to be the most effective for stone dissolution, achieving dissolution 

rates of 52.3% and 42.6%, respectively. 

According to Gürocak et al. (2006), although the exact mechanism of action for each remedy 

remains unknown, commonly recognized extracts help prevent the formation of urinary stones 

(GÜROCAK et al., 2006). They accomplish this by altering the ion composition of the urine or by 

acting as diuretics. Some of these extracts also contain saponins that can break down mucoproteins, 

substances that promote crystal formation. In addition, some herbal remedies have antimicrobial 

properties, protecting a layer of mucus that prevents stones from adhering and causing urolithiasis. 

The process of dissolving oxalic stones in the presence of extracts from our plant seems to be 

related to the action of some active compounds.  A plausible hypothesis is the formation of oxalate-

active compound complexes. The phytochemical study of the aerial part of our plant reveals the 

presence of flavonoids, polyphenols, tannins, saponins, etc. These active compounds can form 

different complexes, such as oxalate-flavonoid, oxalate-tannin, oxalate-polyphenol, and oxalate-

saponin. 

The formation of these complexes seems to be controlled by hydrogen bonds and hydrophilic 

interactions between the functional groups of the active compounds and the oxalate ion (-OOC-COO-

) derived from calcium oxalate, as suggested by Mecheri et al. (2023) and Meiouet et al. (2011) 

500750100012501500175020002500300035004000
1/cm

30

37,5

45

52,5

60

67,5

75

%T

FTIR Measurement

121 



Agr. Acad. J., v. 7, n. 2, Mar/Apr (2024) 

 

 

 

(urinary stones in these references are based on cystine). These findings open interesting perspectives 

for understanding the mechanisms of oxalic stone dissolution through the specific properties of the 

active compounds of Paronychia argentea L. 

According to the study of El Habbani et al. (2021), the complexes formed are more soluble 

than calcium oxalate, leading to the dissolution of stones while maintaining high levels of dissolved 

calcium oxalate in the solution. A mechanism of action was also suggested by them, involving an 

interaction between calcium oxalate and the molecules. 

 

Conclusion 

 

All the results found prove the valuable interest of the Arab population for the plant 

Paronychia argentea L. which is widely used as tea for the treatment of several diseases. This plant's 

extracts can be excellent medicines for dissolving oxalocalcic stones. All antioxidant activities 

yielded positive results, indicating significant potential for the use of the extract in various contexts. 

The exciting prospect of in vivo testing promises to validate and build on these encouraging results. 

 

Conflicts of interest 

 

 The authors declare no conflicts of interest regarding the work presented here. 

 

Authors' contribution 

 

Haffar Hichem - execution of the experiment and work corrections; Chetouani Asma - work 

corrections and revision of the text. 

 

References 

 

ABBASI, A. M.; SHAH, M. H.; LI, T.; FU, X.; GUO, X.; LIU, R. H. Ethnomedicinal values, phenolic contents 

and antioxidant properties of wild culinary vegetables. Journal of Ethnopharmacology, v. 162, p. 333-345, 

2015. https://doi.org/10.1016/j.jep.2014.12.051  

ABDELKHALEK, A.; AL-ASKAR, A. A.; ALSUBAIE, M. M.; BEHIRY, S. I. First report of protective 

activity of Paronychia argentea extract against Tobacco mosaic virus infection. Plants, v. 10, n. 11, p. 1-17, 

2021. https://doi.org/10.3390/plants10112435  

AGARWAL, K.; VARMA, R. Ocimum gratissimum L.: a medicinal plant with promising antiurolithiatic 

activity. International Journal of Pharmaceutical Sciences and Drug Research, v. 6, n. 1, p. 78-81, 2014. 

https://ijpsdronline.com/index.php/journal/article/view/304  

ALAM, M. N.; BRISTI, N. J.; RAFIQUZZAMAN, M. Review on in vivo and in vitro methods evaluation of 

antioxidant activity. Saudi Pharmaceutical Journal, v. 21, n. 2, p. 143-152. 2013. 

https://doi.org/10.1016/j.jsps.2012.05.002  

ALIAT, Z.; YACHI, L.; ATTJIOUI, H.; CHEIKH, A.; EL KARBANE, M.; NEJJARI, R.; BOUATIA, M. 

Phytochemical screening, antioxidant and antilithiasis activities of Juncus acutus. International Journal of 

122 

https://doi.org/10.1016/j.jep.2014.12.051
https://doi.org/10.3390/plants10112435
https://ijpsdronline.com/index.php/journal/article/view/304
https://doi.org/10.1016/j.jsps.2012.05.002


Agr. Acad. J., v. 7, n. 2, Mar/Apr (2024) 

 

 

 

Research in Pharmaceutical Sciences, v. 11, n. 3, p. 3075-3083, 2020. 

https://ijrps.com/home/article/view/602 

AL-SNAFI, A. E. Antiurolithiatic activity of natural remedies with emphasis on their mechanisms of action: a 

review. GSC Biological and Pharmaceutical Sciences, v. 24, n. 1, p. 087-097, 2023. 

https://doi.org/10.30574/gscbps.2023.24.1.0273 

ANAND, D.; CHANDRASEKAR, R.; SIVAGAMI, B. A critical review on antiurolithiatic activity of 

bioactive phytoconstituents. Research Journal of Pharmacognosy and Phytochemistry, v. 13, n. 1, p. 95-

100, 2021. https://doi.org/10.52711/0975-4385.2021.00015 

ARKOUB-HAMITOUCHE, L.; GONZÁLEZ-DEL-CAMPO, V.; LÓPEZ-OLIVA, M. E.; BEDJOU, F.; 

PALOMINO, O. M. Paronychia argentea Lam. protects renal endothelial cells against oxidative 

injury. Journal of Ethnopharmacology, v. 248, 2020. https://doi.org/10.1016/j.jep.2019.112314 

BADDADE, L.; ELBIR, M.; MBARKI, M.; ELHADRI, I.; BERKANI, M.  Zizyphus Lotus Anti-lithiasis 

activity in vitro of aqueous extracts of pulp fruit in human urine. Journal of Materials and Environmental 

Sciences, v. 10, n. 6, p. 520-525, 2019. https://www.jmaterenvironsci.com/Document/vol10/vol10_N6/54-

JMES-Baddade-2019.pdf 

BAWARI, S.; SAH, A. N.; TEWARI, D. Antiurolithiatic activity of Daucus carota: an in vitro 

study. Pharmacognosy Journal, v. 10, n. 5, p. 880-884, 2018. https://doi.org/10.5530/pj.2018.5.148  

BENNCHEIKH, N.; ELBOUZIDI, A.; MERROUNI, I. A.; MECHCHATE, H.; KHARCHOUFA, L.; ES-

SAFI, I.; OUASSOU, H.; HANO, C.; ADDI, M.; BOUHRIM, M.; ETO, B.; ELACHOURI, M. Inventory of 

medicinal plants used traditionally to manage kidney diseases in north-eastern Morocco: ethnobotanical 

fieldwork and pharmacological evidence. Plants, v. 10, n. 9, p. 1-36, 2021. 

https://doi.org/10.3390/plants10091966 

BENSATAL, A.; OUAHRANI, M. R. Inhibition of crystallization of calcium oxalate by the extraction of 

Tamarix gallica L. Urological Research, v. 36, n. 6, p. 283-287, 2008. https://doi.org/10.1007/s00240-008-

0157-1 

BOIZOT, N.; CHARPENTIER, J.-P. Méthode rapide d’évaluation du contenu en composes phénoliques des 

organes d’un arbre forestier. Cahier des Techniques de l’INRA, p. 79-82, 2006. 

https://www.researchgate.net/publication/341819016_Methode_rapide_d'evaluation_du_contenu_en_compo

ses_phenoliques_des_organes_d'un_arbre_forestier 

BOUGANDOURA, N.; BENDIMERAD, N. Evaluation de l'activité antioxydante des extraits aqueux et 

méthanolique de Satureja calamintha ssp. Nepeta (L.) Briq. Nature & Technologie, v. 5, n. 2, p. 14-19, 2013. 

https://www.researchgate.net/publication/273831986_Evaluation_de_l'activite_antioxydante_des_extraits_aq

ueux_et_methanolique_de_Satureja_calamintha_ssp_Nepeta_L_Briq 

BOURKHISS, M.; HNACH, M.; BOURKHISS, B.; OUHSSINE, M.; CHAOUCH, A.; SATRANI, B. Effet 

de séchage sur la teneur et la composition chimique des huiles essentielles de Tetraclinis articulata (Vahl) 

Masters. Agrosolutions, v. 20, n. 1, p. 44-48, 2009. 

https://www.researchgate.net/publication/238692409_Effet_de_sechage_sur_la_teneur_et_la_composition_c

himique_des_huiles_essentielles_de_Tetraclinis_articulata_Vahl_Masters 

BRAHIM, M. A. S.; FADLI, M.; MARKOUK, M.; HASSANI, L.; LARHSINI, M. Synergistic antimicrobial 

and antioxidant activity of saponins-rich extracts from Paronychia argentea and Spergularia 

marginata. European Journal of Medicinal Plants, v. 7, n. 4, p. 193-204, 2015. 

https://doi.org/10.9734/EJMP/2015/16597 

CASADIO, F.; KEUNE, K.; NOBLE, P.; VAN LOON, A.; HENDRIKS, E.; CENTENO, S. A.; OSMOND, 

G. Metal soaps in art. 1st ed. Switzerland: Springer Cham, 2019, 424p. https://doi.org/10.1007/978-3-319-

90617-1 

123 

https://ijrps.com/home/article/view/602
https://doi.org/10.30574/gscbps.2023.24.1.0273
https://www.researchgate.net/publication/351418226_A_Critical_Review_on_Antiurolithiatic_Activity_of_Bioactive_Phytoconstituents
https://doi.org/10.1016/j.jep.2019.112314
https://www.jmaterenvironsci.com/Document/vol10/vol10_N6/54-JMES-Baddade-2019.pdf
https://www.jmaterenvironsci.com/Document/vol10/vol10_N6/54-JMES-Baddade-2019.pdf
https://www.phcogj.com/article/701
https://doi.org/10.3390/plants10091966
https://doi.org/10.1007/s00240-008-0157-1
https://doi.org/10.1007/s00240-008-0157-1
https://www.researchgate.net/publication/341819016_Methode_rapide_d'evaluation_du_contenu_en_composes_phenoliques_des_organes_d'un_arbre_forestier
https://www.researchgate.net/publication/341819016_Methode_rapide_d'evaluation_du_contenu_en_composes_phenoliques_des_organes_d'un_arbre_forestier
https://www.researchgate.net/publication/273831986_Evaluation_de_l'activite_antioxydante_des_extraits_aqueux_et_methanolique_de_Satureja_calamintha_ssp_Nepeta_L_Briq
https://www.researchgate.net/publication/273831986_Evaluation_de_l'activite_antioxydante_des_extraits_aqueux_et_methanolique_de_Satureja_calamintha_ssp_Nepeta_L_Briq
https://www.researchgate.net/publication/238692409_Effet_de_sechage_sur_la_teneur_et_la_composition_chimique_des_huiles_essentielles_de_Tetraclinis_articulata_Vahl_Masters
https://www.researchgate.net/publication/238692409_Effet_de_sechage_sur_la_teneur_et_la_composition_chimique_des_huiles_essentielles_de_Tetraclinis_articulata_Vahl_Masters
https://doi.org/10.9734/EJMP/2015/16597
https://doi.org/10.1007/978-3-319-90617-1
https://doi.org/10.1007/978-3-319-90617-1


Agr. Acad. J., v. 7, n. 2, Mar/Apr (2024) 

 

 

 

CHANG, C. C.; YANG, M. H.; WEN, H. M.; CHERN, J. C. Estimation of total flavonoid content in propolis 

by two complementary colorimetric methods. Journal of Food and Drug Analysis, v. 10, n. 3, 2002. 

https://doi.org/10.38212/2224-6614.2748 

CHAOUCHE, T. M.; HADDOUCHI, F.; KSOURI, R.; ATIK-BEKKARA, F. Evaluation of antioxidant 

activity of hydromethanolic extracts of some medicinal species from South Algeria. Journal of the Chinese 

Medical Association,  v. 77, n. 6, p. 302-307, 2014. https://doi.org/10.1016/j.jcma.2014.01.009 

CHEURFA, M.; ALLEM, R. Evaluation of antioxidant activity of different extracts of Aloysia triphylla leaves 

(L’Herit.) from Algeria in vitro. Phytothérapie, v. 14, p. 181-187, 2016. https://doi.org/10.1007/s10298-015-

0969-4 

DE BELLIS, R.; PIACENTINI, M. P.; MELI, M. A.; MATTIOLI, M.; MENOTTA, M.; MARI, M.; 

VALENTINI, L.; PALOMBA, L.; DESIDERI, D.; CHIARANTINI, L. 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, v. 14, n. 6, 2019. 

https://doi.org/10.1371/journal.pone.0218734 

DECKER, E. A.; WELCH, B. Role of ferritin as a lipid oxidation catalyst in muscle food. Journal of 

Agricultural and Food Chemistry, v. 38, n. 3, p. 674-677, 1990. https://doi.org/10.1021/jf00093a019 

DIALLO, D.; SANOGO, R.; YASAMBOU, H.; TRAORÉ, A.; COULIBALY, K.; MAÏGA, A. Étude des 

constituants des feuilles de Ziziphus mauritiana Lam. (Rhamnaceae), utilisées traditionnellement dans le 

traitement du diabète au Mali. Comptes Rendus Chimie, v. 7, n. 10, p. 1073-1080, 2004. 

https://doi.org/10.1016/j.crci.2003.12.035 

DOHOU, R.; YAMNI, K.; TAHROUCH, S.; HASSANI, L. M. I.; BADOC, A.; GMIRA, N. Screening 

phytochimique d'une endémique ibero-marocaine, Thymelaea lythroides. Bulletin de la Société de pharmacie 

de Bordeaux, v. 142, n. 1, p. 61-78, 2003. 

https://www.researchgate.net/publication/285309509_Screening_phytochimique_d'une_endemique_ibero-

marocaine_Thymelaea_lythroides 

EL HABBANI, R.; LAHRICHI, A.; HOUSSAINI, T. S; KACHKOUL, R.; MOHIM, M.; CHOUHANI, B. 

A.; CHAQROUNE, A. In vitro mass reduction of calcium oxalate urinary calculi by some medicinal 

plants. African Journal of Urology, v. 27, 2021. https://doi.org/10.1186/s12301-021-00132-2 

FERREIRA, I. C. F. R; BAPTISTA, P.; VILAS-BOAS, M.; BARROS, L. Free-radical scavenging capacity 

and reducing power of wild edible mushrooms from northeast Portugal: individual cap and stipe activity. Food 

Chemistry, v. 100, n. 4, p. 1511-1516, 2007. https://doi.org/10.1016/j.foodchem.2005.11.043 

GONÇALVES, S.; GOMES, D.; COSTA, P.; ROMANO, A. The phenolic content and antioxidant activity of 

infusions from Mediterranean medicinal plants. Industrial Crops and Products, v. 43, p. 465-471, 2013. 

https://doi.org/10.1016/j.indcrop.2012.07.066 

GÜROCAK, S.; KÜPELI, B. Consumption of historical and current phytotherapeutic agents for urolithiasis: 

a critical review. Journal of Urology, v. 176, n. 2, p. 450-455, 2006. 

https://doi.org/10.1016/j.juro.2006.03.034 

HAMED, M. M.; REFAHY, L. A.; SHAFEI, A. A.; ABD EL AZIZ, E. G. I. In vitro cytotoxic activity and 

antioxidant potential of different extracts from Pittosporum eugenioides. Egyptian Journal of Chemistry, v. 

65, n. 8, p. 659-667, 2022. https://doi.org/10.21608/ejchem.2022.113405.5189 

HANNACHE, B.; BAZIN, D.; BOUTEFNOUCHET, A.; DAUDON, M. Effect of plant extracts on the in vitro 

dissolution of cystine stones: a study at the mesoscopic scale. Progrès en Urologie, v. 22, n. 10, p. 577-582, 

2012. https://doi.org/10.1016/j.purol.2012.06.001 

124 

https://doi.org/10.38212/2224-6614.2748
https://journals.lww.com/jcma/fulltext/2014/06000/evaluation_of_antioxidant_activity_of.6.aspx
https://doi.org/10.1007/s10298-015-0969-4
https://doi.org/10.1007/s10298-015-0969-4
https://doi.org/10.1371/journal.pone.0218734
https://doi.org/10.1021/jf00093a019
https://doi.org/10.1016/j.crci.2003.12.035
https://www.researchgate.net/publication/285309509_Screening_phytochimique_d'une_endemique_ibero-marocaine_Thymelaea_lythroides
https://www.researchgate.net/publication/285309509_Screening_phytochimique_d'une_endemique_ibero-marocaine_Thymelaea_lythroides
https://doi.org/10.1186/s12301-021-00132-2
https://doi.org/10.1016/j.foodchem.2005.11.043
https://doi.org/10.1016/j.indcrop.2012.07.066
https://doi.org/10.1016/j.juro.2006.03.034
https://doi.org/10.21608/ejchem.2022.113405.5189
https://doi.org/10.1016/j.purol.2012.06.001


Agr. Acad. J., v. 7, n. 2, Mar/Apr (2024) 

 

 

 

KACHKOUL, R.; TOUIMI, G. B.; BENNANI, B.; EL MOUHRI, G.; EL HABBANNI, R.; MOHIM, M.; 

HOUSSAINI, T. S.; BOUKANSA, S.; TAHIRI, L.; EL FATEMI, H.; GOUZI, I.; ELAGY, F.; SEKAL, M.; 

LAHRICHI, A. In vivo anti-lithiasis activity and antibacterial effect of hydroalcoholic extract and infusion of 

Punica granatum L. peel. Scientific African, v. 22, 2023. https://doi.org/10.1016/j.sciaf.2023.e01918 

KHITRI, W.; LACHGUEUR, N.; TASFAOUT, A.; LARDJAM, A.; KHALFA, A. Plantes antilithiasiques 

utilisées en médecine traditionnelle dans la ville d’Oran, Algérie. Revue d’Ethnoécologie, v. 9, 2016. 

https://doi.org/10.4000/ethnoecologie.2511 

KHOUCHLAA, A.; BOUYAHYA, A.; M’HAMED, T. Antilithiatic Properties of Moroccan Medicinal Plants 

and Mechanism Insights of their Phytochemicals. In: CAPASSO, A. (Ed.). Biologically Active Natural 

Products from Asia and Africa: A Selection of Topics, p. 67-83, 2020. 

https://doi.org/10.2174/9789811489747121010009 

LE, K.; CHIU, F.; NG, K. Identification and quantification of antioxidants in Fructus lycii. Food Chemistry, 

v. 105, n. 1, p. 353-363, 2007. https://doi.org/10.1016/j.foodchem.2006.11.063 

LOMBARDO, M.; ESPÓSITO, B. P.; LOURENÇO, F. R.; KANEKO, T. M. The application of 

pharmaceutical quality by design concepts to evaluate the antioxidant and antimicrobial properties of a 

preservative system including desferrioxamine. DARU Journal of Pharmaceutical Sciences, v. 28, p. 635-

646, 2020. https://doi.org/10.1007/s40199-020-00370-9 

MAJHENIC, L.; ŠKERGET, M.; KNEZ, Ž. Antioxidant and antimicrobial activity of guarana seed 

extracts. Food Chemistry, v. 104, n. 3, p. 1258-1268, 2007. https://doi.org/10.1016/j.foodchem.2007.01.074 

MAMMATE, N.; EL OUMARI, F. E.; IMTARA, H.; BELCHKAR, S.; LAHRICHI, A.; ALQAHTANI, A. 

S.; NOMAN, O. M.; TARAYRAH, M.; HOUSSAIMI, T. S. Antioxidant and anti-urolithiatic activity of 

aqueous and ethanolic extracts from Saussurea costus (Falc) lispich using scanning electron microscopy. Life, 

v. 12, n. 7, p. 1-17, 2022. https://doi.org/10.3390/life12071026 

MAMMATE, N.; EL OUMARI, F. E.; IMTARA, H.; BELCHKAR, S.; TOUIMI, G. B.; AL-ZHARANI, M.; 

RUDAYNI, H. A.; QURTAM, A. A.; ALEISSA, M. S.; NASR, F. A.; NOMAN, O. M.; HOUSSAIMI, T. S. 

Anti-struvite, antimicrobial, and anti-inflammatory activities of aqueous and ethanolic extracts of Saussurea 

costus (Falc) Lipsch Asteraceae. Molecules, v. 28, n. 2, p. 1-14, 2023. 

https://doi.org/10.3390/molecules28020667  

MECHERI, R.; SMATI, D.; BOUTEFNOUCHET, A.; BADJI, M.; DAUDON, M. Ethnobotanical study of 

medicinal plants used in the treatment of renal lithiasis in the Algerian Northeast. 2023. 

https://www.researchgate.net/publication/371028916_Ethnobotanical_study_of_medicinal_plants_used_in_t

he_treatment_of_renal_lithiasis_in_the_Algerian_Northeast 

MEIOUET, F.; EL KABBAJ, S.; DAUDON, M. In vitro study of the litholytic effects of herbal extracts on 

cystine urinary calculi. Progrès en Urologie, v. 21, n. 1, p. 40-47, 2011. 

https://doi.org/10.1016/j.purol.2010.05.009 

MOHAMMEDI, Z. Etude Phytochimique et Activités Biologiques de quelques Plantes médicinales de la 

Région Nord et Sud-Ouest de l’Algérie. 170p. Thèse (Doctoral) - Département de Biologie Moléculaire et 

Cellulaire, Faculté des Sciences, Université Abou Bekr Belkaid, 2013. http://dspace1.univ-

tlemcen.dz/handle/112/2393  

BALAMURUGAN, K.; SAKTHIDEVI, G.; MOHAN, V. R. In vitro antioxidant activity of whole plant extract 

of Polycarpaea corymbosa (L.) Lam (Caryophyllaceae). World Journal of Pharmacy and Pharmaceutical 

Sciences, v. 2, n. 5, p. 3676-3690, 2013. https://www.wjpps.com/Wjpps_controller/abstract_id/431 

125 

https://doi.org/10.1016/j.sciaf.2023.e01918
https://doi.org/10.4000/ethnoecologie.2511
https://www.eurekaselect.com/chapter/14519
https://doi.org/10.1016/j.foodchem.2006.11.063
https://doi.org/10.1007/s40199-020-00370-9
https://doi.org/10.1016/j.foodchem.2007.01.074
https://doi.org/10.3390/life12071026
https://doi.org/10.3390/molecules28020667
https://www.researchgate.net/publication/371028916_Ethnobotanical_study_of_medicinal_plants_used_in_the_treatment_of_renal_lithiasis_in_the_Algerian_Northeast
https://www.researchgate.net/publication/371028916_Ethnobotanical_study_of_medicinal_plants_used_in_the_treatment_of_renal_lithiasis_in_the_Algerian_Northeast
https://doi.org/10.1016/j.purol.2010.05.009
http://dspace1.univ-tlemcen.dz/handle/112/2393
http://dspace1.univ-tlemcen.dz/handle/112/2393
https://www.wjpps.com/Wjpps_controller/abstract_id/431


Agr. Acad. J., v. 7, n. 2, Mar/Apr (2024) 

 

 

 

NISHANTHI, M.; VIJAYAKUMAR, B.; AANANDHI, M. V. Antiurolithiatic activity of the plant extracts of 

Peperomia tetraphylla on ethylene glycol induced urolithiasis in rats. Rasayan Journal of Chemistry, v. 9, 

n. 2, p. 294-299, 2016. https://rasayanjournal.co.in/admin/php/upload/33_pdf.pdf 

PHATAK, R. S.; HENDRE, A. S. In vitro antiurolithiatic activity of Kalanchoe pinnata extract. International 

Journal of Pharmacognosy and Phytochemical Research, v. 7, n. 2, p. 275-279, 2015. 

https://www.researchgate.net/profile/Rohan-Phatak-3/publication/274648992_In-

vitro_Antiurolithiatic_Activity_of_Kalanchoe_pinnata_Extract/links/5524f5720cf22e181e73b45e/In-vitro-

Antiurolithiatic-Activity-of-Kalanchoe-pinnata-Extract.pdf 

RE, R.; PELLEGRINI, N.; PROTEGGENTE, A.; PANNALA, A.; YANG, M.; RICE-EVANA, C. Antioxidant 

activity applying an improved ABTS radical cation decolorization assay. Free Radical Biology and 

Medecine, v. 26, n. 9, p. 1231-1237, 1999. https://doi.org/10.1016/S0891-5849(98)00315-3 

ROY, M.; MEENA, S. K.; KUSURKAR, T. S.; SINGH, S. K.; SETHY, N. K.; BHARGAVA, K.; SARKAR, 

S.; DAS, M. Carbondioxide gating in silk cocoon. Biointerphases, v. 7, n. 1, p. 1-11, 2012. 

https://doi.org/10.1007/s13758-012-0045-7 

SAIT, S.; HAMRI-ZEGHICHI, S.; BOULEKBACHE-MAKHLOUF, L.; MADANI, K.; RIGOU, P.; 

BRIGHENTI, V.; PRENCIPE, F. P.; BENVENUTI, S.; PELLATI, F. HPLC-UV/DAD and ESI-MSn analysis 

of flavonoids and antioxidant activity of an Algerian medicinal plant: Paronychia argentea Lam. Journal of 

Pharmaceutical and Biomedical Analysis, v. 111, p. 231-240, 2015. 

https://doi.org/10.1016/j.jpba.2015.03.027 

SILVERSTEIN, R. M.; BASSLER, G. C. Spectrometric identification of organic compounds. Journal of 

Chemical Education, v. 39, n. 11, 546, 1962. https://doi.org/10.1021/ed039p546 

SULEIMAN, D.; IBRAHIM, U. I.; SARAVANAN, D. In vitro antilithiasis activity of Melastoma 

malabathricum Linn. Journal of Natural Sciences Research, v. 8, n. 8, p. 20-26, 2018. 

https://iiste.org/Journals/index.php/JNSR/article/view/41946 

TIENDA-VÁZQUEZ, M. A.; MORREEUW, Z. P.; SOSA-HERNÁNDEZ, J. E.; CARDADOR-MARTÍNEZ, 

A.; SABATH, E.; MELCHOR-MARTÍNEZ, E. M.; IQBAL, H. M. N.; PARRA-SALDÍVAR, R. 

Nephroprotective plants: a review on the use in pre-renal and post-renal diseases. Plants, v. 11, n. 6, p. 1-24, 

2022. https://doi.org/10.3390/plants11060818 

VEERARAGHAVAN, V. P.; HUSSAIN, S.; BALAKRISHNA, J. P.; MOHAN, S. K. Paronychia argentea: 

a critical comprehensive review on its diverse medicinal potential and future as therapeutics. Pharmacognosy 

Journal, v. 12, n. 5, p. 1172-1179, 2020. https://doi.org/10.5530/pj.2020.12.165 

VIEL, T. A.; DOMINGOS, C. D.; MONTEIRO, A. P. S.; LIMA-LANDMAN, M. T. R.; LAPA, A. J.; 

SOUCCAR, C. Evaluation of the antiurolithiatic activity of the extract of Costus spiralis Roscoe in 

rats.  Journal of Ethnopharmacology, v. 66, n. 2, p. 193-198, 1999. https://doi.org/10.1016/S0378-

8741(98)00171-8  

YEN, G. C.; CHEN, H. Y. Antioxidant activity of various tea extracts in relation to their 

antimutagenicity. Journal of Agricultural and Food Chemistry, v. 43, n. 1, p. 27-32, 1995. 

https://doi.org/10.1021/jf00049a007 

YEO, D.; DINICA, R.; YAPI, H. F.; FURDUI, B.; PRAISLER, M.; DJAMAN, A. J.; N’GUESSAN, J. D. 

Évaluation de l’activité anti-inflammatoire et screening phytochimique des feuilles de Annona 

senegalensis. Therapies, v. 66, n. 1, p. 73-80, 2011. https://doi.org/10.2515/therapie/2010076 

Received on February 23, 2024  

Returned for adjustments on May 24, 2024  

Received with adjustments on May 25, 2024  

Accepted on May 31, 2024 

126 

https://rasayanjournal.co.in/admin/php/upload/33_pdf.pdf
https://www.researchgate.net/profile/Rohan-Phatak-3/publication/274648992_In-vitro_Antiurolithiatic_Activity_of_Kalanchoe_pinnata_Extract/links/5524f5720cf22e181e73b45e/In-vitro-Antiurolithiatic-Activity-of-Kalanchoe-pinnata-Extract.pdf
https://www.researchgate.net/profile/Rohan-Phatak-3/publication/274648992_In-vitro_Antiurolithiatic_Activity_of_Kalanchoe_pinnata_Extract/links/5524f5720cf22e181e73b45e/In-vitro-Antiurolithiatic-Activity-of-Kalanchoe-pinnata-Extract.pdf
https://www.researchgate.net/profile/Rohan-Phatak-3/publication/274648992_In-vitro_Antiurolithiatic_Activity_of_Kalanchoe_pinnata_Extract/links/5524f5720cf22e181e73b45e/In-vitro-Antiurolithiatic-Activity-of-Kalanchoe-pinnata-Extract.pdf
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1007/s13758-012-0045-7
https://doi.org/10.1016/j.jpba.2015.03.027
https://doi.org/10.1021/ed039p546
https://iiste.org/Journals/index.php/JNSR/article/view/41946
https://doi.org/10.3390/plants11060818
http://dx.doi.org/10.5530/pj.2020.12.165
https://doi.org/10.1016/S0378-8741(98)00171-8
https://doi.org/10.1016/S0378-8741(98)00171-8
https://doi.org/10.1021/jf00049a007
https://doi.org/10.2515/therapie/2010076

