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Abstract: Equisetum L. is the only genus of the Equisetaceae family, which 

commonly known as horsetails, in English and atkuyruğu or kırkkilit in 

Turkish. In traditional medicine, Equisetum telmateia Ehrh. is used in diseases 

of the urinary system, such as pyelonephritis, prostatic hypertrophy, and 

cystitis. Besides, this species is known to be used by humans to treat kidney 

stones or kidney sand. The extracts were obtained from the aerial parts of the 

E. telmateia using three different extraction methods (maceration, Soxhlet, 

ultrasonic bath) and their antioxidant (ABTS, CUPRAC), anti-urease and 

anticholinesterase activities were examined. Also, calcium oxalate anti-

crystallization activity of Soxhlet methanol extract showing strong antioxidant 

activity was determined. Soxhlet methanol extract exhibited stronger ABTS 

radical scavenging (0.0676 mM Trolox/mg extract) and cupric ion 

reducing/antioxidant (4.351 mM Trolox/mg extract) activity than other 

extracts. Soxhlet methanol (65.528%) and maceration methanol (61.965%) 

extracts showed the strongest anticholinesterase activity. In the anti-urease 

assay, it was found that Soxhlet petroleum ether extract (15.302%) had the 

highest anti-urease activity. Furthermore, the data obtained showed that the 

Soxhlet methanol extract had high efficacy in the nucleation and aggregation 

phase of calcium oxalate crystals. These results prove that Soxhlet methanol 

extract has antioxidant, anticholinesterase and anti-crystallization capabilities. 

Therefore, this extract can be used in the future as an antioxidant and 

anticholinesterase agent as well as the treatment and / or prevention of stone 

formation. 
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1. INTRODUCTION 

Equisetum L.  is the only genus of the Equisetaceae family, which commonly known as 

horsetails, in English and atkuyruğu or kırkkilit in Turkish. While there are approximately 32 

known species in the world, there are 7 species in the Flora of Turkey. They are usually 

perennial plants rich in cell wall silica, growing in moist and wet places. Equisetum telmateia 

Ehrh. species has the widest distribution among Equisetum species in regions such as Europe, 

West Asia, Northwest Africa and North America [1]. Equisetum species is often used in 

traditional medicine for various ailments as a medicinal tea. They are very effective in the 
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treatment of urinary tract infections, cardiovascular diseases, respiratory infections, and 

medical skin conditions. In traditional medicine, E. telmateia is used in diseases of the urinary 

system, such as pyelonephritis, prostatic hypertrophy, and cystitis. Besides, this species is 

known to be used by humans to treat kidney stones or kidney sand. The aerial parts of the E. 

telmateia are used in the treatment of stomach pain, abdominal pain, peptic ulcers, eczema, 

acne and rheumatism in Anatolia [2-4]. E. telmateia species contain flavonoids and phenolic 

acids. E. telmateia has been known neuroprotective, antimicrobial, anti-inflammatory, diuretic 

antiulcerogenic and potent antioxidant effects. Phenolic compounds are known to be effective 

in these biological activities of the plant [5]. 

Free radicals are compounds that contain one or more unpaired electrons. Since free 

radicals contain unpaired electrons, they can easily react with biological molecules in the 

organism, such as lipids, nucleic acid, protein, and carbohydrates. Therefore, these radicals are 

effective in the formation of various diseases formation of various diseases including 

cardiovascular diseases, tissue damage,ischemic heart diseases, cancer, atherosclerosis, central 

nervous system damage, nervous disorders, obesity, gastritis, arthritis  and aging in humans [6-

8]. As with other aerobic organisms, free radicals occur as a result of naturally occurring 

metabolic events in humans. These free radicals are eliminated by antioxidant defense 

mechanisms. Antioxidants inhibit lipid peroxidation by inhibiting the peroxidation chain 

reaction or by collecting reactive oxygen species. Therefore, antioxidants play an important 

role in both protection and treatment against these various ailments caused by free radicals, by 

preventing DNA damage, reducing the abnormal increase in cell division [9]. Increased intake 

of exogenous antioxidants reduces the effects caused by these radicals. Natural antioxidants are 

commonly found in food and medicinal plants, and they have anti-inflammatory, anti-aging, 

anti-atherosclerosis and anticancer effects [10-12]. 

Alzheimer's disease (AD) is a progressive neurodegenerative disease [13]. Some studies 

are promising for this disease, but unfortunately, there is currently no cure for the disease [14, 

15]. Helicobacter pylori (H. pylori) infection is among the world's most common infections. H. 

pylori infection is a common worldwide infection that is an important cause of peptic ulcer and 

gastric cancer [16, 17]. Antibiotic therapy for the treatment of H. pylori infections has many 

disadvantages, such as lack of effectiveness, development of resistance, gastrointestinal side 

effects and possible recurrence of the disease. Among the difficulties for H. pylori eradication, 

increased resistance to antibiotic regimens currently used in therapy is a major concern, 

suggesting that therapeutic strategies need to be changed. As a result, there is a growing interest 

in the development of new antimicrobial therapeutic agents, preferably with a higher chance of 

natural treatment against H. pylori [18]. 

Stone formation in the kidney and urinary tract is a serious pathology that is important 

today and can lead to kidney failure if left untreated. It is known that it affects an average of 4-

20% of the population. In recent years, the incidence of the disease has also been increasing 

[19]. A kidney stone is a total of crystallization stages consisting of nucleation, growth and 

aggregation stages of crystals in saturated urine in epithelial cells in renal papillae. These 

crystals are essentially available in three different forms: calcium oxalate monohydrate 

(CaC2O4.H2O, COM or whewellite), calcium oxalate dihydrate (CaC2O4.2H2O, COD or 

weddellite) or calcium oxalate trihydrate (CaC2O4.3H2O, COT or caoxite). Calcium oxalate 

monohydrate (COM) and calcium oxalate dihydrate (COD) form the main structure of kidney 

stones. Calcium oxalate trihydrate (COT) is rarely found in kidney stones. Calcium oxalate 

monohydrate (COM) is the thermodynamically most stable form and has a high affinity for 

renal tubular cells. As a result, it has the effect of initiating stone formation in the urinary area 

and kidney. Therefore, the number of studies on the inhibition of calcium oxalate monohydrate 

crystals has been increasing in recent years [20-22]. Although there are important advances in 
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the pathophysiology and treatment of kidney stones, it is highly likely that kidney stones may 

occur again. The painful and high cost of surgical methods and drug treatments led to new 

searches in treatment. Studies on natural products have been focused on the prevention and 

recurrence of this disease [23, 24].  

The purpose of this study was to evaluate in vitro antioxidant, anti-urease, 

anticholinesterase and calcium oxalate anti-crystallization activities of different extracts from 

E. telmateia aerial parts. 

2. MATERIAL and METHODS 

2.1. Identification of Plant Material 

E. telmateia was taxonomically identified by Assist. Prof. Dr. Ahmet DOĞAN. The 

voucher specimens, representative samples of the plant material, were archived in the herbarium 

of the Faculty of Pharmacy, Marmara University and documented with the herbarium number 

of MARE:20465.  

2.2. Preparation of E. telmateia Extracts 

Aerial parts of E.telmateia were dried at 25ºC in the shade. Dried parts of the plant were 

treated with a mechanical grinder (Renas, RBT1250) for fine powder and proper weight. The 

three extraction methods were performed to gain crude extracts from the aerial parts of the 

plant.  

Maceration: Plant powder (45 g) was extracted with the use of petroleum ether, 

chloroform and methanol until colorless.  

Soxhlet extraction: 45 grams of plant powder was extracted in the Soxhlet apparatus 

with petroleum ether, chloroform and methanol.  

Ultrasonic bath extraction: 45 grams of plant powder were extracted in an ultrasonic 

bath with petroleum ether, chloroform and methanol. The nine different extracts from the plant 

were concentrated by a rotary vacuum evaporator. All the extracts obtained were stored at 4°C 

for future analysis. 

2.3. ABTS.+  Radical Scavenging Assay 

50 μL of extracts prepared at different concentrations (1–5 mg/mL), 50 μL of ABTS.+ 

working solution and 150 µL distilled water were added on the prepared extracts. The mixture 

absorbance was determined against the reference at 734 nm for 6 min. The control sample was 

prepared under the same conditions with the use of 50 µL distilled water instead of experimental 

and standard materials. The control sample was daily measured. ABTS radical scavenging 

determination was applied to Trolox solutions prepared at different concentrations (0.2-1 mM). 

The results of this study were given as mM Trolox/mg extract [25]. 

2.4. Cupric Ion Reducing/Antioxidant Power (CUPRAC) Assay 

60 µL Cu(II)x2H2O, 60 µL neocuproine and 60 µL, NH4Ac (1 M) were mixed. Then 60 

µL of the extract and 10 µL of ethanol were added to the mixture. after 60 min duration time, 

the mixture absorbance was spectrophotometrically measured at 450 nm. CUPRAC values of 

the extracts were given as mM Trolox/mg extract [26]. 

2.5. Anti-Urease Activity Assay 

Stock solutions were prepared from different extracts obtained from the plant and these 

solutions were diluted to prepare working solutions. A working solution (100 µL) was taken 

and urease (500 µL) was added on it. The mixture was incubated at 37οC for 30 min. Then, 

1100 µL of urea was added to this mixture and kept in the incubator at 37οC for 30 min. R1 

(1% phenol, 0.005% sodium nitroprusside) and R2 (0.5% NaOH, 0.1% sodium hypochlorite) 
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reagents were added to the mixture, respectively. After the incubation period at 37οC for 2 h, 

the absorbance of samples was measured at 635 nm [27].   

The % inhibition of urease was calculated by the formula:  

% enzyme inhibition = [(A0 − A1)/A0] × 100]  

A0: The absorbance of the control solution  

A1: Absorbance of plant extracts and standard solutions. 

2.6. Anticholinesterase Activity Assay 

Inhibition activities of acetylcholinesterase (AchE) were measured using a microplate 

reader. Acetylcholinesterase is an enzyme source derived from electric fish, acetylthiokolin 

iodide was used as a substrate. Yellow-colored 5,5-dithiobis- (2-nitrobenzoic acid) (DTNB) 

was used for the measurement of activity. As a control, ethanol and galantamine, the alkaloid 

type drug isolated from the Galanthus plant, were used as controls. Briefly, the AchE (20 µL) 

and different concentrations of extracts (20 µL) were added to phosphate buffer solution (pH 

8.2 0.1 M, 40 µL). This mixture was incubated at 25ºC for 10 min. After incubation, DTNB 

(100 μL) and AcI (20 μL) as substrate were added to the mixture. The same procedure was 

applied to the galantamine used as standard. 5-thio-2-nitrobenzoic acid was 

spectrophotometrically measured at 412 nm. Anticholinesterase activity of the extracts was 

calculated using the following equation as% inhibition relative to control [28].  

%I = (Acontrol – Asample/Acontrol)x100 

2.7. Crystallization Assay 

2.7.1. Nucleation Assay (Turbidity Method) 

Solutions of calcium chloride (5 mM) and sodium oxalate(7.5 mM) were prepared, 

respectively, in a buffer containing Tris-HCI 0.05 M and NaCl 0.15 M at pH 6.5. 3 mL of 

calcium chloride and sodium oxalate solution was mixed with 1 mL of the extract at different 

concentrations. The mixture solution was mixed with vortex for 30 seconds. After the 

incubation period at 37οC for 30 min. The absorbance of the solution was monitored at 620 nm 

[29]. 

2.7.2. Aggregation Assay 

CaOx monohydrate (COM) crystals were prepared by mixing calcium chloride and 

sodium oxalate at 50 mM. Both solutions were equilibrated to 60 °C for 1 hour in a water bath. 

It was then kept in an incubator at 37 °C for 1 night and then placed in the desiccant. COM 

crystals were used at a final concentration of 0.8 mg/mL, buffered with buffer at pH 6.5. 3 mL 

of CaOx solution was mixed with 1 mL of the extract at different concentrations. The solution 

was mixed with vortex for 30 seconds. After the incubation period at 37οC for 30 min the 

absorbance of solution was monitored at 620 nm [29]. 

2.7.3. Crystal Characterization 

The number, size and morphology of CaOx crystals was observed by light microscopy 

(40x magnification) in the presence and absence of extracts after nucleation and aggregation 

experiments [29]. 

2.8. Statistical Analysis 

All the experiments were done in triplicates. The results of the antioxidant, 

anticholinesterase and anti-urease experiments were demonstrated as mean ± SD. All the data 

were analyzed by the Graphpad Prism 5 program. Statistical differences between the study 

groups were analyzed using two-way analysis of variance (ANOVA) followed by Tukey’s 

Multiple Comparison test and p-values less than 0.05 were considered statistically significant. 
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3. RESULTS and DISCUSSION 

3.1. Antioxidant Activity 

The results of the ABTS assay showed that Soxhlet methanol (0.0676 mM Trolox/ mg 

extract) and maceration methanol (0.0662 mM Trolox/mg extract) extracts exhibited the 

strongest ABTS radical cation scavenging activity. Also, it was found that petroleum ether 

extract obtained from ultrasonic bath and Soxhlet methods did not show ABTS activity. The 

Soxhlet methanol (4.351 mM Trolox/mg extract) and maceration methanol (3.826 mM 

Trolox/mg extract) extracts exhibited stronger cupric reducing antioxidant activity than other 

extracts. In this study, it was found that the Soxhlet extraction technique is the most suitable 

method to get the most powerful ABTS and CUPRAC antioxidant activity. In addition, it was 

determined that the solvent with strong antioxidant activity was methanol in these assays. 

The antioxidant and antifungal activity of dichloromethane, ethyl acetate, methanol and 

water extracts of the sterile stem of the plant was investigated. The methanol extract (IC50  12.92 

µg/mL) was found to have stronger DPPH activity than dichloromethane (not detected), ethyl 

acetate (IC50 50.90 µg/mL) and water (IC50 20.32 µg/mL) extracts (Table 1). Also, antifungal 

activity of all extracts against Rhizopus stolonifer strain was not detected [30]. In our study, it 

was found that the Soxhlet (0.0676 mM Trolox) and maceration (0.0662 mM Trolox) methanol 

extracts showed strong radical scavenging (ABTS) activity in parallel with this study. In another 

study, antioxidant activities of water and ethyl acetate extracts obtained from the aerial parts of 

the plant were evaluated by DPPH and TEAC methods. Besides, as a result of analysis of these 

extracts with HPLC-PAD-ESI/MS, it was found that both extracts contain flavan-3-ol, 

kaempferol and phenolic acid derivatives as major phenolic compounds. In this study, it was 

observed that ethyl acetate extract have higher DPPH (IC50 0.018 mg/mL) and TEAC (342.8 

mg Trolox/mg extract) activity than water extract (IC50 0.455 mg/mL; 11.00 mg Trolox/mg 

extract) [31]. When the TEAC values of the ethyl acetate (342.8 mg Trolox) and methanol 

(0.0676 mM Trolox) extracts were compared, it was observed that the ethyl acetate extract had  

higher TEAC value than methanol extract. The different TEAC values may be due to used of 

the different solvent and the extraction method. Besides, harvesting the plant from different 

times and regions may have been effective in showing different ABTS (TEAC values) radical 

scavenging activity. 

The antioxidant activities of aqueous, methanol and ethanol extracts of the aerial parts of 

E. telmateia have been previously investigated by the CUPRAC assay. In this study, it was 

found that ethanol (Abs:0.6 nm) extract had higher cupper reducing antioxidant activity than 

methanol (Abs:0.5 nm) and aqueous (Abs:0.2 nm) extracts [32]. In our study, it was determined 

that methanol extracts [especially Soxhlet methanol (4.351 mM Trolox)] obtained by three 

extraction techniques showed strong cupper reducing antioxidant activity in parallel with the 

literature study (Table 1). 

3.2. Urease Inhibitory Activity 

The percentage of inhibition of urease enzyme at 12.5 μg/mL concentration of different 

extracts was determined by using the Indophenol method and the results were shown in Table 

2. Soxhlet petroleum ether (15.302%) and maceration petroleum ether (8.815%) extracts 

exhibited stronger anti-urease activity than other extracts. In the ultrasonic bath, chloroform 

(4.531%) and methanol (3.498%) extracts showed the best anti-urease activity. Comparing the 

activity results of all the extracts, the Soxhlet petroleum ether extract had the strongest anti-

urease activity and all extract showed lower activity than thiourea compounds (70.05%). The 

Soxhlet extraction technique is the most suitable method to obtain the strongest anti-urease 

activity. It was also found that the most suitable solvent for obtaining strong anti-urease activity 

was petroleum ether. 
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Table 1. The antioxidant activity of E. telmateia different extracts  

Samples ABTS (mM trolox/mg extract) CUPRAC (mM trolox/mg extract) 

 Ultrasonic 

bath Maceration Soxhlet Ultrasonic 

bath Maceration Soxhlet 

Petroleum ether NA 0.0063± 

0.004a NA 1.18± 

0.0412a 

1.086± 

0.03a 

1.515±0.068
a 

Chloroform 0.0003± 

0.001a 

0.0082± 

0.003b 

0.0103± 

0.0035a 

1.587± 

0.1513b 

1.576± 

0.03b 

1.661±0.055
b 

Methanol 0.0638± 

0.0011b 

0.0662± 

0.0016c 

0.0676± 

0.0013b 

2.791± 

0.0849c 

3.826± 

0.20c 

4.351±0.014
c 

Ascorbic acid 0.013± 

0.001c 

00.013± 

0.001d 

0.013± 

0.001c 
   

BHA    1.83± 

0.0002d 

1.83± 

0.0002d 

1.83± 

0.0002d 

Values are mean of triplicate determination (n = 3) ± standard deviation; Means with different superscripts (a-d) 

are significantly different, p<0.05; NA: not activity 

Table 2. The anti-urease activity of different extracts of E.telmateia 

Samples Enzyme inhibition percentage (12.5 µg/mL) 

 Ultrasonic bath Maceration Soxhlet 

Petroleum ether 2.62±2.3302a 8.815±0.52a 15.302±1.251a 

Chloroform 4.531±1.196b 2.635±1.998b 3.76±2.001b 

Methanol 3.498±3.57c 6.149±3.1732c 7.921±4.363c 

Thiourea 70.05±0.007d 70.05±0.007d 70.05±0.007d 

Values are mean of triplicate determination (n = 3) ± standard deviation; Means with different superscripts (a-d) 

are significantly different, p<0.05 

3.3. Anticholinesterase Activity 

The percentage of inhibition of acetylcholinesterase enzyme at 200 μg/mL concentration 

of different extracts was determined by using the Ellman method [28] (Table 3).  The Soxhlet 

(65.528%), maceration (61.965%) and ultrasonic bath (32.179%) methanol extracts exhibited 

the highest percentage of inhibition of acetylcholinesterase enzyme. The Soxhlet petroleum 

ether and chloroform extracts obtained by three extraction techniques did not show 

acetylcholinesterase inhibitory activity. 

The anti-urease activity of methanol extract from Equisetum arvense stem at a 

concentration of 10 mg/mL was examined. In this study, it was found that methanol extract 

(52.35%) had moderate activity compared to the hydroxyurea (100%) which used as standard 

[33]. In our study, unlike the above study, the petroleum ether extract (15.302%) of the E. 

telmateia aerial parts at a concentration of 12.5 µg/mL showed stronger anti-urease activity 

other other extracts. It was also found to have lower anti-urease activity compared to the 
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standard (70.05%). The anticholinesterase activity of ethanol extract from E.arvense aerial parts 

was examined by Ellman method [28]. According to the results, ethanol extract (IC50:3.134 

mg/mL) exhibited lower anticholinesterase activity than galantamine (IC50: 0.003 mg/mL) 

which used as standard [34]. In our study, in parallel with the study above, it was observed that 

the Soxhlet (65.528%) and maceration (61.965%) methanol extracts of the E. telmateia aerial 

parts at a concentration of 200 µg/mL showed lower anticholinesterase activity than 

galantamine (85.289%). As  far  as  we  know,  the  present  work  was  the  first  reporting  on  

the anti-urease and anticholinesterase activity of different extracts from E. telmateia aerial parts. 

Table 3. The anticholinesterase activity of different extracts of E. telmateia 

Samples Enzyme inhibition (%) (200 µg/mL) 

 Ultrasonic bath Maceration Soxhlet 

Petroleum ether 16.719±2.6683a 33.489±1.7713a NA 

Chloroform NA NA NA 

Methanol 32.179±6.623b 61.965±3.0718b 65.528±2.8942a 

Galantamine 85.289±0.8852c 85.289±0.8852c 85.289±0.8852b 

Values are mean of triplicate determination (n = 3) ± standard deviation;  Means with different superscripts (a-c) 

are significantly different, p<0.05; NA: not activity 

3.4. Inhibition of the Calcium Oxalate’s Crystallization 

Antioxidants have the effect of preventing stone formation by protecting endothelial cells 

against oxidative damage [35]. Therefore, the inhibitory effect of Soxhlet methanol extract 

showing strong antioxidant activity against the crystallization of calcium oxalate was compared 

in vitro and presented in Table 4, Figure 1 and Figure 2. The data obtained showed high efficacy 

in preventing nucleation of calcium oxalate crystals of methanol extract at a concentration of 5 

mg/mL (85.59%), but it did not show any effect at a concentration of 2 mg/mL. It was also 

found that potassium citrate used as positive control showed 98.25% and 93.56% inhibition 

values at concentrations of 5 mg/mL and 2 mg/mL, respectively in this study. Regarding the 

aggregation phase, although the methanol extract at a concentration of 5 mg/mL (35.31%) 

showed high efficacy, no effect at 2 mg/mL concentration was observed, similar to the 

nucleation assay. Potassium citrate has been studied at 5 mg/mL (85.14%) and 2 mg/mL 

(71.32%) concentrations and has been found to have higher efficacy than methanol extract at 

both concentrations. These findings showed that the plant's methanol extract had calcium 

oxalate anti-crystallization activity in parallel with traditional medicine. 

3.5. Crystal Characterization 

 To confirm the results we obtained in the calcium oxalate anti-crystallization assay, we 

followed the presence of crystals nucleation and aggregates using a light microscope (Figure 1 

and Figure 2). Light microscopy analysis of the images taken during the nucleation phase shows 

that the number of crystals is higher in the control (without extract) state and the number and 

size are become becomes less important in the presence of methanol extract at a concentration 

of 5 mg/mL (Figure 1). Furthermore, the analysis of the images taken at the aggregation phase 

showed the presence of larger and more aggregates without extract, while the size and number 

of crystals decreased in the presence of methanol (5 mg/mL) (Figure 2).  
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As far as we know, there are no reports on calcium oxalate anti-crystallization activity of 

E. telmateia aerial parts. The activity of calcium oxalate anti-crystallization of Soxhlet 

methanol extract from E. telmateia were evaluated for the first time by us. 

Table 4. Calcium oxalate anti-crystallization activity of methanol extract from E. telmateia 

Concentration 

(mg/mL) 
Nucleation (%) Aggregation (%) 

 Methanol Potassium citrate Methanol Potassium citrate 

5 85.59±0.12 98.25±0.65 35.31±0.25 85.14±0.92 

2 NA 93.56±1.02 NA 71.32±0.89 

NA: not activity  

 

 

 

 

 

 

Figure 1. Calcium oxalate crystals in nucleation stages: A: Absence of inhibitor, B: methanol extract 

(5mg/mL), C: methanol extract (2 mg/mL) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Calcium oxalate crystals in aggregation stages: A: Absence of inhibitor, B: methanol extract 

(2 mg/mL), C: methanol extract (5 mg/mL) 

4. CONCLUSION  

In this study, it was found that Soxhlet methanol extracts from the aerial parts of the plant 

showed higher antioxidant and anticholinesterase activity than other extracts. Soxhlet 
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petroleum ether extract exhibited the strongest anti-urease activity. Furthermore, it was found 

that Soxhlet methanol extract at a concentration of 5 mg/mL had strong inhibition of the calcium 

oxalate’s crystallization. Therefore, methanol extract can be used in the future as an antioxidant 

and anticholinesterase agent as well as the treatment and /or prevention of stone formation. 
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