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Makale Tarihçesi Özet: Cyperus esculentus bitkisinden elde edilen ekstrelerin kimyasal bileşenleri GC 

ve GC-MS analizleri ile incelenmiştir. Kloroform ekstresinde toplam yağın %93,75’ini 

oluşturan 16 bileşik tanımlanmış olup, başlıca bileşenlerin hekzadekanoik asit, metil 

ester (CAS) (%46,47) ve 2(3H)-furanon, dihidro-3-(fenilmetil)- (CAS) (%24,60) 

olduğu belirlenmiştir. Metanol ve hekzan ekstrelerinde ise toplam yağın %93,75’ini 

oluşturan 17 bileşik tanımlanmış; bu ekstrelerde sırasıyla cheilanth-13(14)-enik asit 

metil ester (%12,03), 1,4-benzenediol, 2,5-bis(1,1-dimetiletil) (%10,20), cholesta-

9(11),20(22)-dien-3,23-dion, 6-hidroksi-5α,6α- (%13,35) ve klorhhiophps sülfoksit 

(%11,83) başlıca bileşenler olarak saptanmıştır. Ekstreler, X-celligence sistemi 

kullanılarak iki “klasik” hücre hattı olan DU-145 ve PC-3 üzerinde anlamlı aktiviteler 

göstermiştir. DU-145 hücre hattına karşı kloroform, metanol ve hekzan ekstrelerinin 

IC₅₀ değerleri sırasıyla 1,73461 g/mL, 101,409 µg/mL ve 32,146 µg/mL olarak 

belirlenmiştir. PC-3 hücre hattına karşı ise kloroform, metanol ve hekzan ekstrelerinin 

IC₅₀ değerleri sırasıyla 1,222 µg/mL, 1,941 µg/mL ve 2,081 µg/mL olarak tespit 

edilmiştir. Cyperus esculentus bitkisinin farklı çözücüler kullanılarak elde edilen 

ekstrelerinin antioksidan aktiviteleri çeşitli in vitro antioksidan testlerle 

değerlendirilmiştir. Metanol ekstresinin diğer ekstrelerle karşılaştırıldığında daha 

yüksek antioksidan aktivite gösterdiği belirlenmiştir. Ekstreler arasında ise kloroform 

ekstresi en güçlü DPPH radikal süpürme aktivitesini sergilemiştir. 
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Article Info  
Abstract: The chemical constituents of extracts from Cyperus esculantus were 

analyzed by GC-MS. Sixteen compounds were identified in the chloroform extract, 

accounting for 93.75% of the total oil that consisted mainly of hexadecanoic acid, 

methyl ester (CAS) (46,47%), 2(3H)-furanone, dihydro-3-(phenylmethyl)-(CAS) 

(24,60%). Seventeen compounds were identified methanol and hexan extract, 

accounting for 93.75% of the total oil that consisted mainly of respectively 

cheilanth-13(14)-enic methyl ester (12,03%), 1,4-benzenediol,2,5-bis(1,1-

dimethylethyl) (10,20%), cholesta-9 (11), 20 (22)-dieene-3,23-dione, 6-hydroxy-5. 

Alpha, 6.alpha) (13,35%) and chlorhhiophps sulfoxide (11,83%). The extracts 

showed significant activities against the two "classical" cell lines DU-145 and PC-

3 with X-chellingence. Chloroform, methanol, and hexan extracts against the DU-

145 cell line with the IC50 values of 1,73461 g/mL, 101,409 μg/mL, and 32,146 

μg/mL, respectively. Chloroform, methanol, and hexan extracts against the PC-3 

cell line with the IC50 values of 1.222, 1.941, and 2.081 μg/mL, respectively. The 

antioxidant activity of Cyperus esculentus extracts obtained using various solvents 

was evaluated through different in vitro antioxidant assays. The methanol extract of 

Cyperus esculentus exhibited higher activity compared to the other extracts. Among 

the extracts, the chloroform extract showed the strongest DPPH scavenging activity. 

Received: 01.11.2025 

Accepted: 18.12.2025 

 

Keywords  

Cyperus esculentus, 

Anti-Cancer, 

Antioxidant 

https://orcid.org/0000-0003-3268-709X
https://orcid.org/0000-0001-8150-0450
https://orcid.org/0000-0003-3756-1525


(Bekci et al. 2025) 

 

469 
 

 1. Introduction 

Cyperus esculentus L. (Tiger nut) is a small, sweet tuber produced by the roots of an 

edible, perennial herbaceous plant. It is commonly found in Mediterranean countries (Coşkuner 

et al., 2002). The species Cyperus esculentus was first described by Linnaeus in 1771. Although 

subsequent studies evaluated the species at different taxonomic levels within the genera 

Pterocyperus, Pycreus, and Cyperus, the currently accepted classification of the species is C. 

esculentus (Şapcı, 2016). In addition, it grows in both tropical and temperate regions and can 

also be found in the wild; it is also referred to as chufa, habbulleziz, and yellow ground almond 

(Sidohounde et al., 2014; Bilgili et al., 2018; Anonymous, 2019a; Anonymous, 2019b; Yılmaz, 

2019). Known by various names such as chufa, yellow nut sedge, earth almond, and ground 

almond, Cyperus esculentus is a perennial plant naturally distributed across tropical and 

temperate regions. It is widely cultivated in parts of Africa and China, as well as in several 

regions of Europe especially Spain, the Arabian Peninsula, and many areas of Asia (Şapcı, 

2016; Abdelkader et al., 2017). The tubers of this plant are commonly used in confectionery 

production (Zohary, 1986). Cyperus esculentus has an erect, triangular stem, yellowish-green 

leaves, and a height ranging from 20 to 60 cm. Its rhizomes store protein, starch, and other 

nutrients that contribute to the formation of its tubers. Its flowers range in color from golden 

yellow to brown (Abdelkader et al., 2017). Due to its rapid growth, it is often mistaken for a 

weed in some areas. It grows best in well-drained sandy or loamy soils with a pH between 5.0 

and 7.5 and thrives at temperatures above 20°C (Dyer, 2009). Thanks to the valuable 

compounds found in its tubers, Cyperus esculentus has economic importance in various sectors, 

including the food industry, animal feed, paper and fiber production, the pharmaceutical 

industry, and as an ornamental plant (Şapcı, 2016). In some parts of the world, Cyperus 

esculentus (Tiger Hazel) is widely used as a healthy food for both humans and animals due to 

its many nutritional and functional properties. The underground tuber of the tiger nut is called 

chufa. It can be consumed fresh, soaked, roasted, or dried. These tubers are rich in energy 

(~400–450 kcal/100 g) and contain approximately 26–30% and 21–25% starch and fat, 

respectively. They also contain protein (3–8%), fiber (8–10%), various vitamins (E and C), and 

minerals such as phosphorus and potassium (Bosch et al., 2005; Arafat et al., 2009; Chinma et 

al., 2009; Chukwuma et al., 2010; Adejuyitan, 2011; Tigernuts Traders, 2014). The main fatty 

acids in tiger nut oil are monounsaturated fats (>60%), making its profile comparable to olive 

oil or hazelnut oil (Dubois et al., 2007). Recent research and studies on this plant have primarily 

focused on its organoleptic properties, phytochemical composition, oil content, biochemical 

activities, and nutritional value. However, its medicinal properties are rarely discussed, despite 

its well-known traditional medicinal use in some regions (Achoribo et al., 2017). Tiger hazel 

has been used as a health herb for over 4000 years due to its mineral, energy, and oleic acid 

content. It also contains high amounts of arginine (Bamishaiye and Bamishaiye, 2011). Thanks 

to its phosphorus, potassium, calcium, magnesium, and iron content, tiger hazel is beneficial 

for bones, tissue repair, muscles, blood circulation, and supports body development (Mohdaly, 

2019). Moreover, tiger nut has been reported to have protective effects against cardiovascular 

diseases (Borges et al., 2008; Chukwuma et al., 2010; Tigernuts Traders, 2014), and due to its 

vitamin E content, it plays a role in red blood cell formation and function, and is also effective 

against cancer (Gambo and Da’u, 2014). The vitamin C present in tiger nut is a good 

antioxidant, promotes iron absorption, helps maintain vitamin E levels, and provides essential 

protection for the immune system and tissues (Roselló-Soto et al., 2019). In Turkey, the 

cultivation of tiger nut is very limited and is carried out in small quantities at the Eastern 

Mediterranean Agricultural Research Institute in Adana. While in Spain, the tubers are 

consumed as human food, they are also reported to be used in the pharmaceutical and perfumery 

industries, as well as in fish feed, turkey, and chicken feed production (Nazlıcan, 2007). 
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2. Material and Method 

2.1. Sample extraction 

All above-ground parts of the collected plant samples were dried in a sunless environment 

and then crushed using a food processor. 13-17 grams of this powdered sample were weighed 

and dissolved in 200 mL of organic solvent. Chloroform, hexane, and methanol were used as 

solvents. After extraction for 6 hours using a 250 ml Soxhlet apparatus, the solvents were 

separated using an evaporation device, and the resulting extracts were stored at +4°C (Doğaner 

et. al., 2014).  

2.2. GS-MS  

In this study, extracts were prepared from Cyperus esculentus (ground almond) tubers 

using chloroform, methanol, and hexane solvents, and the resulting extracts were then analyzed 

using a GC-MS (SHIMADZU, QP2010 ULTRA) instrument. The aim was to comparatively 

determine the chemical components obtained according to the type of solvent. As a result of 

the analysis, various phytochemicals specific to each extract were identified (Kilani et al., 

2008). 

Sample: Cyperus esculentus tubers 

Solvents: Chloroform, methanol, hexane 

Extraction: A separate cold extraction method was applied to each solvent. 

GC-MS instrument: (Instrument model can be added here if available) 

Column type: DB-5MS capillary column 

Carrier gas: Helium 

Injection temperature: 250 °C 

Oven program: Gradual heating between 60–300 °C 

Spectral library: NIST/Wiley databases 

2.3. DPPH radical scavenging capacity 

In the analysis of DPPH radical scavenging capacity, 1.5138 g of Tris (Trizma base, MW: 

121.1 g/mol) was dissolved in 200 ml of deionized water, HCl was used to adjust the pH to 7.4, 

and the volume was completed to 250 ml with distilled water. Thus, Tris-HCl buffer (50 mM, 

pH 7.4) was prepared. The DPPH solution was prepared by dissolving 9.86 mg DPPH in 250 

mL of methanol and stored in a dark bottle. 

The DPPH radical scavenging activity of Cyperus esculentus extracts was determined 

according to the method of Brand-Williams et al. (1995). Different concentrations were tested 

for each antioxidant. Results were expressed as the molar ratio of the antioxidant to DPPH. For 

the experiment, 450 µl of Tris-HCl buffer (50 mM, pH 7.4), 1 ml of 0.1 mM DPPH methanol 

solution, and 50 µl of extract were mixed. A reagent mixture without extract was used as a 

control, and catechin was used as a positive control. The mixtures were incubated in the dark 

at room temperature for 0, 1, 15, and 30 minutes. The measured absorbance value was 515 nm.  

The DPPH concentration in the reaction medium (CDPPH) was calculated using the 

following calibration equation: 

DPPH₅₁₅nm = 3.6852 × (CDPPH) + 4.9334 

Antioxidant activity was defined as the amount of antioxidant required to reduce DPPH 

concentration by 50% (IC50). The IC50 value represents the antioxidant concentration that 
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causes a 50% reduction in the initial DPPH concentration. The time required to reach 

equilibrium concentration was calculated from kinetic curves and defined as TEC50 (Sánchez-

Moreno et al., 1998). All analyses were performed in triplicate, and mean values were used. 

2.4. Determination of total phenolic content 

The total phenolic content of the extracts was determined using the Folin-Ciocalteu 

method described by Sağdıç and Özcan (2002). For the experiment, 40 µL of extract was added 

to test tubes, followed by 2.4 mL of distilled water. Then, 200 µL of Folin-Ciocalteu reagent, 

600 µL of sodium carbonate solution, and 760 µL of distilled water were added to the mixture 

and stirred for 15 seconds. Reduction of the Folin-Ciocalteu reagent in an alkaline environment 

resulted in the formation of a blue color. It was left to stand at room temperature for 2 hours. 

Subsequently, absorbance was measured at 765 nm using a spectrophotometer. All 

measurements were performed in triplicate, and the results were expressed as gallic acid 

equivalents per liter (GAE). 

2.5. Cytotoxic activity 

2.5.1. Cell lines used in the study 

The cell lines used in this study were obtained from the cell bank of the Department of 

Biochemistry, Faculty of Pharmacy, Erciyes University. 

2.5.2. Cell culture 

Cells were cultured at 37°C in a sterile incubator containing 5% carbon dioxide. The cells 

were maintained in RPMI medium supplemented with 10% fetal bovine serum (FBS) that had 

been heat-inactivated at 55°C for 30 minutes, 100 U/ml penicillin, 100 μg/ml streptomycin, and 

2 mM glutamine. Cells were cultured in 75 cm² culture flasks and transferred to new flasks 

using 0.25% trypsin/EDTA to separate them from the surface (Freshney, R. I. (2016), Riss, T. 

L. et al. (2019)). The cell lines used in our study were obtained from the Erciyes University 

Drug Application and Research Center cell bank. 

2.6. Real-time cell analysis (xCELLigence) 

The xCELLigence system was used to monitor the real-time effects of C. esculentus 

extracts on DU-145 and PC-3 cells according to the manufacturer's instructions (Ke et al. 2011). 

The xCELLigence system was used to monitor the real-time effects of C. esculentus extracts 

on DU-145 and PC-3 cell lines according to the manufacturer's protocol (Ke et al., 2011). The 

system consists of four main components: an RTCA analyzer, an RTCA SP station, an RTCA 

computer with integrated software, and a disposable E-plate 96 (Figure 1). The RTCA SP 

station was placed inside the incubator, while the analyzer and the laptop equipped with 

software were positioned outside. 

E-plate 96 is a disposable, single-use platform designed for cell-based experiments using 

an RTCA SP system. Unlike conventional 96-well microtiter plates, E-plate 96 incorporates 

integrated gold microelectrode sensor arrays at the bottom of each well, enabling the detection 

of impedance changes caused by cells within the wells (Bird et al., 2009; Ke et al., 2011). 

Impedance changes can be recorded at intervals as short as two minutes, allowing for 

continuous monitoring of cellular physiological responses. 

The impedance detected between the electrodes in each well is affected by the electrode 

configuration, the number of cells, and the degree of cell adhesion to the electrode surface. 

When cells adhere to the electrode sensors, they alter the local ionic environment at the 

electrode-solution interface, causing an increase in impedance. The cell index reflects cell 

adhesion, morphological changes, and cell separation associated with cell death. Therefore, the 

cytotoxic effects of the tested substances can be assessed through changes in the cell index (Ke 

et al., 2011). 
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DU-145 and PC-3 cells were cultured in flasks, and when they reached approximately 

80% density, the cells were separated and seeded onto the E-plate 24. After seeding, the plates 

were incubated at room temperature for 30 minutes to allow the cells to settle. The E-plates 

were then transferred to 96 incubators, and different cell densities (50,000, 25,000, 12,500, 

6,250, and 3,125 cells per well) were tested to determine the optimum seeding concentration. 

Based on the achievement of a logarithmic growth phase, the optimum seeding densities were 

determined to be 20 × 10³ cells/well for DU-145 cells and 10 × 10³ cells/well for PC-3 cells. 

Cell attachment, proliferation, and dispersal were monitored every 15 minutes by measuring 

impedance changes in the E-plate wells. 

 

 
Figure 1: The bottom of the 96-well E-plate contains gold electrodes that are responsive to cell 

attachment, growth, and size increase. In the absence of cells (a) on the well bottom, the measured 

impedance is zero (Z = Z₀). The presence of adherent cells modifies the impedance (b), while an 

increased number of cells (c) leads to a further rise in impedance. Cell enlargement also influences 

impedance (d); when cells increase in size without undergoing mitotic division, impedance changes 

accordingly, and the cell index increases (Dokumacı et al., 2019). 

 

2.6.1. Cytotoxicity assay using Xcelligence system  

To determine the cytotoxic effect of hexane, chloroform, and methanol on DU-145 and 

PC-3 cell lines, RTCA (xcelligence) was used. A total of DU-145 10*103 cells/ well and PC-3 

10*103 cells were seeded in the E-plate 96 wells, and approximately 24h post-seeding, when 

the cells were in the log growth phase, the cells were treated with extracts and only medium 

control.  Controls received medium and treated groups (all extraction at 400, 200, 100, 50, 25, 

12,5 µg/mL concentrations) were replicated 4 times, and the experiments were run for 96 h. All 

calculations were done with the RTCA-integrated software of the xCelligence system. The 
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RTCA software performs the curve-fitting of selected “sigmoidal dose-response equation” and 

calculates the logarithmic half maximum effect of concentration [log (IC50)] values at a given 

time point based on log concentration producing 50% reduction of cell index (CI) value relative 

to the control CI value (100%). Cell index value represents the alteration of cell viability, cell 

attachment, and cellular growth rate. Likewise, when the cell index data is obtained during the 

experiment at the particular time points, dynamic monitoring of the cells’ response can be 

elucidated. 

2.7. Statistical analysis 

For each experimental group, results were obtained from a minimum of three independent 

experiments. All statistical evaluations were performed using one-way analyses of variance 

(ANOVA), followed by Bonferroni post hoc tests. The same statistical approach was applied 

to calculate the standard deviation (SD). Differences between the groups were considered 

statistically significant at p < 0.05, as determined using the same software. Data are expressed 

as mean ± SD. 

3. Results 

3.1.GS-MS  

3.1.1. Methanol extract (chromatogram I) 

The total ion chromatogram (TIC) of the methanolic extract of Cyperus esculentus tubers, 

recorded over a total run time of approximately 104 min, exhibits a highly complex and 

information-rich chemical profile. The chromatogram is characterized by numerous well-

resolved peaks with good signal-to-noise ratios, indicating efficient chromatographic separation 

and the presence of a wide range of polar and semi-polar phytochemicals. 

The early retention time region is dominated by low-molecular-weight oxygenated 

compounds, including 2-furanmethanol, 1,2-cyclopentanedione, 4-oxo-5-methoxy-2-penten-5-

olide, and 2,4-dihydroxy-2,5-dimethyl-3(2H)-furan-3-one. These compounds are typically 

associated with carbohydrate degradation products, Maillard-type reaction intermediates, and 

lactone derivatives. Such constituents are well known for their antioxidant and redox-active 

properties, suggesting a strong contribution of these early-eluting compounds to the pronounced 

antioxidant activity observed for the methanol extract. 

This region represents the most intense section of the chromatogram, with several 

dominant peaks corresponding to oxygenated monoterpenes and cyclic ketones, such as trans-

α-carveol, D-limonene-2-propyl, p-cymen-7-ol, and 2-cyclohexanedione derivatives. The 

abundance of these terpenoid-related compounds highlights the ability of methanol to extract 

moderately polar secondary metabolites. These compounds have been widely reported to 

exhibit antioxidant, antimicrobial, and cytotoxic activities, which is consistent with the 

significant biological effects recorded for this extract. 

A notable peak assigned to 2-furanone, dihydro-3-(phenylmethyl)- further emphasizes 

the prevalence of lactone-type structures, which are often implicated in radical scavenging 

mechanisms and apoptosis-related cytotoxicity. 

In the late retention region, fatty acids and fatty acid methyl esters such as hexadecanoic 

acid methyl ester, n-hexadecanoic acid (palmitic acid), 9,12-octadecadienoic acid methyl ester, 

and 8,11,14-docosatrienoic acid methyl ester become predominant. These compounds 

contribute substantially to the total chromatographic area and reflect partial co-extraction of 

lipophilic constituents despite the polar nature of methanol. 

The final segment of the chromatogram reveals the presence of high-molecular-weight 

sterols and triterpenoid derivatives, including cholesta-5,6-dien-3-ol benzoate (β-sitosterol 

derivative) and campesterol. 
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Figure 2: Methanol extract chromatography results and contents 

3.1.2. Hexane extract (chromatogram II) 

The TIC of the hexane extract shows a markedly different chemical profile compared to 

the methanol extract, reflecting the strong influence of solvent polarity on extraction selectivity. 

The chromatogram is dominated by fewer but more intense peaks, primarily corresponding to 

non-polar and lipophilic constituents. 

Only a limited number of early-eluting compounds are observed in this region, indicating 

minimal extraction of low-molecular-weight polar constituents. Minor peaks correspond to 

small hydrocarbons and weakly oxygenated terpenes, present at relatively low intensities. 

The mid retention region contains a moderate number of peaks associated mainly with 

non-polar terpenoid hydrocarbons and simple aromatic derivatives. Compared to the methanol 

extract, oxygenated monoterpenes are less abundant, consistent with the low polarity of hexane. 

This region dominates the hexane TIC and is characterized by very intense peaks 

corresponding to long-chain fatty acids and fatty acid methyl esters, including hexadecanoic 

acid methyl ester, 9,12-octadecadienoic acid methyl ester, and related unsaturated fatty acid 

derivatives. These compounds account for a significant proportion of the total chromatographic 

area and explain the pronounced lipophilic nature of the extract. 

Sterol-like compounds and triterpenoid derivatives, such as cholestane-related structures, 

are detected in this region. Their presence, although at lower relative abundances, is notable 

due to their known membrane-modulating and antiproliferative effects. 
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Figure 3: Hexane extract chromatography results and contents 

3.1.3. Chloroform extract (chromatogram III) 

The TIC of the chloroform extract exhibits an intermediate chemical complexity between 

the methanol and hexane extracts, reflecting the semi-polar nature of chloroform. 

The early region is dominated by low-molecular-weight oxygenated compounds such as 

2,3-butanediol, 5-methylfurfural, 5,5-dimethyl-3-hepten-2-one, and 2,4-dihydroxy-2,5-

dimethyl-3(2H)-furan-3-one. Notably, 5-hydroxymethylfurfural (HMF) appears as a major 

component, occupying a substantial proportion of the total chromatographic area. HMF is 

widely recognized for its antioxidant and redox-active properties. 

This region contains aromatic and furan-based compounds such as benzeneacetic acid 

and 1-(2-furanyl)-2-hydroxyethanone. The dominance of these oxygenated structures indicates 

that chloroform effectively extracts semi-polar compounds with strong biological relevance. 

Only a limited number of late-eluting compounds are detected, including minor amounts 

of polycyclic aromatic hydrocarbons such as substituted naphthalene derivatives. The near 

absence of long-chain fatty acids and sterols beyond this region distinguishes the chloroform 

extract from the hexane extract. 
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Figure 4: Chloroform extract chromatography results and contents 

 

3.2. DPPH radical scavenging capacity 

The DPPH scavenging activity was depicted in Figures 2,3,4. The chloroform, hexane, 

and methanol extracts all exhibit DPPH activity. Chloroform, hexane, and methanol extracts all 

exhibit DPPH activity. Concentrations are 0.1, 0.5, 1, 2, 4, and 5 mg/ml. In the chloroform 

extract, the observed values were 0.838+0.001, 0.488+0.002, 0.530+0.004, 0.310+0.002, 

0.179+0.002, and 0.169+0.001, respectively. In the hexane extract, the values are 0.816+0.001, 

0.586+0.001, 0.39+0.001, 0.236+0.001, 0.141, and 0.156+0.006, respectively. In the methanol 

extract, the values are 0.841+0.001, 0.546+0.001, 0.163+0.002, 0.099+0.105, and 0.110 mg/ml 

(Figure 5,6,7). 

 

 
Figure 5: DPPH scavenging activity of the aqueous and chloroform extracts of C. esculentus 
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Figure 6: DPPH scavenging activity of the aqueous and Hexane extracts of C. esculentus 

 

 
Figure 7: DPPH scavenging activity of the aqueous and methanol extracts of C. esculentus 

 

3.3.  Determination of total phenolic content 

Figures 8, 9, and 10 depict the total phenol contents of both chloroform, hexane, and 

methanol aqueous extracts. In Figure 7, all extracts have shown a level of phenol content, with 

the highest value. All solvents had an affinity for phenolic compounds. As the concentration 

increased, the amount of phenolic compounds also increased. Total flavonoids are present in 

all solvents of the C. esculentus plant. 
              

 
Figure 8: Total flavonoid content of the aqueous and chloroform extracts of C. esculentus 
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Figure 9: Total flavonoid content of the aqueous and hexane extracts of C. esculentus 

 

 
Figure 10: Total flavonoid content of the aqueous and methanol extracts of C. esculentus 

 
 

3.4.  Cytotoxic activity 

3.4.1. Cytotoxic activity in DU-145 cell line 

The effect of plant extracts obtained from different solvents on the viability of DU-145 

cells was analyzed using an xCELLigence instrument after 24 hours of incubation with different 

doses (12.5-25-50-100-200-400 µg/mL) and control groups. The percentage cell viability graph 

obtained as a result of the analysis is given in Figures 11,12,13. 

In cell DU-145, IC50 values were calculated for plant samples in different solvents 

(hexane, chloroform, and methanol) as 32.146 µg/mL, 1.73461 µg/mL, and 101.409 µg/mL, 

respectively. Accordingly, the most effective result was obtained with the hexane extract. Based 

on the results of extracts obtained from different solvents of Cyperus esculentus L., the 

chloroform extract was observed to be ineffective. 
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Figure 11: Cell viability in chloroform extract 

 

 
Figure 12: Cell viability in hexane extract 

 

 
Figure 13: Cell viability in methanol extract 

 

3.4.2. Cytotoxic activity in PC-3 cell line 

The effect of plant extracts obtained from different solvents on PC-3 cell viability was 

analyzed using an xCELLigence instrument after 24 hours of incubation with different doses 
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(12.5-25-50-100-200-400 µg/mL) and control groups. The percentage cell viability graph 

obtained as a result of the analysis is given in Figures 14,15,16. 

In the PC-3 cell, IC50 values were calculated for plant samples in different solvents 

(hexane, chloroform, and methanol) as 2.081 µg/mL, 1.222 µg/mL, and 1.941 µg/mL, 

respectively. Accordingly, the most effective result was obtained with the chloroform extract. 

Based on the results of extracts obtained from different solvents of Cyperus esculentus L., it 

was observed that all extracts were effective. 
 

 
 

 
Figure 14: Cell viability in chloroform extract 

 

 
Figure 15: Cell viability in hegzane extract 

 

 
 

Figure 16: Cell viability in methanol extract 
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The results of the extracts in all cells are shown in the table below. 

 
Table 1. Ekstrelerin DU-145 ve PC-3 hücrelerindeki inhibisyon aktiviteleri (ug/mL) 

 Chloroform Hegzane Methanol 

DU-145 32,146  1,73461 (g/mL) 101,409 

PC-3 2,081 1,222 1,941 

 

 

4. Conclusion 

In this study, we evaluated the biological activities of extracts obtained from Cyperus 

esculentus (tiger nut) using different solvents on two prostate cancer cell lines: PC-3 and DU-

145. The findings showed that the anticancer activity varied significantly, depending on both 

the type of solvent used and the specific characteristics of each cell line. The most notable 

inhibitory effect was observed in the PC-3 cell line when treated with the hexane extract, which 

had an IC₅₀ value of 1,222 µg/mL. In contrast, the highest activity in the DU-145 cell line was 

detected with the chloroform extract. Notably, the hexane extract demonstrated no anticancer 

activity against DU-145 cells. These results indicate that the polarity of the solvent plays a 

crucial role in extracting biologically active compounds and in producing cell line-specific 

effects. Overall, Cyperus esculentus shows significant anticancer potential against PC-3 

prostate cancer cells. Therefore, tiger nut may be considered a promising candidate for 

developing novel anticancer agents. However, further molecular studies are necessary to 

identify the active compounds, clarify the underlying mechanisms of action, and confirm 

efficacy in in vivo models. 
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