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SUMMARY

Prunus x domestica L. is a valuable plant that belongs to the 
Rosaceae family and is distributed worldwide. The aim of this study 
is to investigate the biological effect of the unripe green fruits of 
P. domestica, which have only been studied to a limited extent so 
far. The antioxidant capacity of the fruit extracts and subfractions 
was investigated by DPPH, TEAC and CUPRAC assays. The 
antiproliferative effect was investigated against the cell lines L929, 
CaCo-2 and PC-3. While the highest antiproliferative effect 
against cancer cell lines was found in the unripe fruit ethyl acetate 
subfraction, extracts and fractions showed no cytotoxic effect on the 
healthy cell line L929. The fruit ethyl acetate fraction showed a 
strong inhibition of the enzyme tyrosinase with an IC50: 51.83 µg/
mL compared to standard compound kojic acid (IC50: 21 µg/mL). It 
was found that the methanol extract from unripe fruits as well as the 
ethyl acetate and aqueous subfractions exhibited strong antioxidant 
activity, showed concentration-dependent cytotoxic activity on PC-3 
and CaCo-2 cells, but had no cytotoxic effect on healthy L929 cells. 
The high antioxidant capacity of the fruits, their selective cytotoxic 
effect on prostate and colon cancer cells and their strong tyrosinase 
inhibitory activity suggest that they could be a new, safe  and cost-
effective source for the pharmaceutical and cosmeceutical industries.
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Prunus x domestica L. Olgunlaşmamış Meyvelerinin 
Antioksidan, Antiproliferatif ve Antitirozinaz Potansiyellerinin 
Değerlendirilmesi 

ÖZ

Prunus x domestica L., Rosacea familyasına ait olan ve dünya 
çapında yaygın bulunan değerli bir bitkidir. Bu çalışmanın amacı; 
bugüne kadar sınırlı sayıda çalışılan P. domestica olgunlaşmamış yeşil 
meyvelerinin biyolojik etkisinin incelenmesidir. Meyve ekstraktlarının 
antioksidan kapasiteleri DPPH, TEAC, CUPRAC yöntemleriyle 
incelendi. Antiproliferatif aktivite L929, CaCo-2 ve PC-3 hücre 
hatlarına karşı araştırıldı. Kanser hücre hatlarına karşı en yüksek 
antiproliferatif etki meyve etilasetat alt fraksiyonunda bulunurken, 
tüm ekstreler L929 sağlıklı hücre hattında sitotoksik etki gösterdi.  
Meyve etilasetat fraksiyonu standart olarak kullanılan kojik asitle 
(IC50: 21 µg/mL) kıyaslandığında IC50: 51.83 µg/mL değeri 
ile güçlü tirozinaz enzim inhibisyonu gösterdi. Olgunlaşmamış 
meyve metanol ekstresi ile etilasetat ve sulu alt fraksiyonların güçlü 
antioksidan aktiviteye sahip olduğu, PC-3 ve CaCo-2 hücreleri 
üzerinde konsantrasyona bağlı olarak sitotoksik aktivite gösterdiği, 
ancak sağlıklı L929 hücreleri üzerinde sitotoksisite etkisi olmadığı 
görüldü. Meyvelerin yüksek antioksidan kapasitesi, prostat ve kolon 
kanser hücreleri üzerindeki seçici sitotoksik etkisi ve güçlü tirozinaz 
enzim inhibitör etkisi ile ilaç ve kozmesötik endüstrisi için yeni, toksik 
olmayan ve ucuz bir kaynak olabileceğini düşündürmektedir.

Anahtar Kelimeler: Prunus domestica L., olgunlaşmamış meyve, 
antioksidan, antiproliferatif, tirozinaz inhibisyonu.
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INTRODUCTION

Nature has always been the leading supplier of 
compounds, which are the leading raw materials 
for medicines, important for disease prevention and 
cure, and the inspiration for medical developments. 
In addition to drug discovery, organic synthesis, 
and biotechnological research, research into the 
development of natural compounds is one of the 
most important contributions to drug discovery and 
is becoming increasingly important. For example, 
chemotherapeutics derived from natural sources are 
becoming increasingly crucial as better therapeutic 
options for the cancer treatment. In addition, plants 
with high antioxidant activity also show promising 
results in the prevention and treatment of various 
diseases. Fruit, which are mainly consumed as food, 
are considered a potential source of cosmetic products 
thanks to their rich content of phenolic substances 
and their safe use (Kabir et al., 2021; Lu et al., 2021; 
Madhuri & Pandey, 2009; Maheshwari & Sharma, 
2023; Sharafan et al., 2023).

Interest in research on P. domestica fruits (plums) 
has increased significantly since the 1990s due to 
the high content of phenolic substances in plums, 
including anthocyanin and flavonoids. Studies have 
shown that plums fruits have many health benefits, 
including improving bone health, boosting memory, 
antioxidants, anti-inflammatory and anti-cancer 
effects, and relieving constipation. These positive 
effects on health can be attributed to the antioxidant 
effect of plums, which is linked to their high phenol 
content (Ayub et al., 2023; Igwe & Charlton, 2016).  

Many epidemiological studies show that a diet rich 
in vegetables and fruit can improve health and reduce 
the risk of major diseases. Fruit and vegetables are 
rich in vitamins, minerals and antioxidants, they are 
a source of fiber and have a low energy density, which 
makes them valuable for health (Angelino et al., 2019; 
Ayub et al., 2023). In this respect, the rich content 
of minerals and phytochemicals of P. domestica 
fruits appears to be a promising species identifying 

bioactive natural products. Fruit are an essential 
source of magnesium, calcium, and fiber in the daily 
diet. They contain various valuable phytochemicals 
such as abscisic acid, lignans anthocyanins and 
flavonoids, pectins and carotenoids, glycosides, 
and carbohydrates. Anthocyanins, flavonoids, and 
hydroxycinnamic acid, which are abundant in plums, 
are considered secondary metabolites responsible 
for the antioxidant effect (Ayub et al., 2023; Shukla, 
Shukla, & Singh, 2021; Usenik, 2021).

The studies carried out so far have shown that 
there are mainly studies on phytochemical and 
biological effects on ripe fruits, but very few studies 
have been found on unripe fruits. In this study, the 
antiproliferative effects of the methanol extract, ethyl 
acetate and aqueous fractions obtained from the 
unripe fruits of P. domestica were analyzed against 
L929, PC-3, CaCo-2 and the total antioxidant activity 
by DPPH, CUPRAC and TEAC methods. By studying 
the tyrosinase enzyme inhibition of the extracts, their 
effect on the healthy fibroblast cell line L929, and their 
antioxidant activity, their safe and effective potential 
cosmetic effects were investigated.

MATERIAL AND METHODS

Plant Material

The unripe green fruits of Prunus x domestica L. 
were collected in April 2022 at the Sıhhiye Campus 
of Hacettepe University. A voucher specimen 
was deposited in the Herbarium of the Faculty of 
Pharmacy, Hacettepe University, Ankara, Turkey 
[HUEF 22059]. The voucher specimen was identified 
by Prof Dr. A. Ahmet Basaran (Department of 
Pharmacognosy, Faculty of Pharmacy, Baskent 
University, Ankara, Turkey).

Preparation of extract and fractions from 
Prunus x domestica L.

Unripe fruits of P. domestica (20 g) were extracted 
three times with methanol (200 mL) at a temperature 
of not more than 40 °C. The three parts obtained 
were added to each other and evaporated with the 
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evaporator, yielding the main extract of methanol 
(0.95 g). The extract was then suspended in water 
and a liquid-liquid partitioning was performed 
with petroleum ether (PE) to separate lipophilic 
compounds, especially chlorophylls. The aqueous 
fraction was then extracted with 2x100 mL ethyl 
acetate (EtOAc), the solvents were evaporated, and 
the ethyl acetate (0.11 g) and aqueous subfractions 
(0.54 g) were recovered separately. These were stored 
at 4 °C to be used for biological effect studies.

Mushroom tyrosinase enzyme inhibition assay

Inhibition of tyrosinase enzyme assay was 
performed with some modifications to the method 
developed by Kim et al.(Güven et al., 2022; Güven, 
Saracoglu, Nagatsu, Yilmaz, & Basaran, 2023; Kim 
et al., 2017). In this method, in which L-tyrosine was 
used as a substrate, the absorbance of the dopachrome 
formed during the reaction between the substrate and 
the enzyme was measured spectrophotometrically at 
a wavelength of 475 nm and compared with the blank 
value. Kojic acid was applied as a standard compound 
(positive control).

DPPH radical scavenging effect

The DPPH radical scavenging effect was 
determined by spectroscopic evaluation of the color 
change from purple to yellow in the reaction mixture 
of methanolic 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
solution (Harput, Genc, & Saracoglu, 2012). All 
analyses were performed in triplicate. Gallic acid was 
used as a standard compound to compare the results, 
and the values obtained were expressed as gallic acid 
equivalents.

ABTS scavenging activity

The ABTS [2,2’-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid)] radical scavenging activity 
of the extracts and fractions was evaluated 
spectrophotometrically by the decolorization assay, 
with absorbance measured at 734 nm. Trolox was used 
as the standard compound, and the total antioxidant 
activity was calculated as equivalent to Trolox and 
expressed as mg Trolox/g extract (Re et al., 1999). 

Copper Reducing Antioxidant Capacity 
(CUPRAC) 

The antioxidant capacity that reduces copper ions 
was determined by the method developed by Özyürek 
et al., and the experimental results were calculated by 
measuring the absorbance values   at 450 nm (Ozyurek, 
Bektasoglu, Guclu, & Apak, 2009). Standard curve 
was prepared with different Trolox concentrations. 
The unit of total antioxidant activity was expressed as 
mg Trolox/g extract.

Antiproliferative activity 

The effect of different extracts of P. domestica fruit, 
such as methanol, ethyl acetate, and water on cell 
viability was examined using Cell Viability Detection 
Kit-8 (CVDK8, Ecotech Biotechnology, Erzurum, 
Türkiye) following the manufacturer’s protocol 
(Barlak et al., 2021). Cell viability was measured 
every 24 hours for two days. The L929 (CRL-2148, 
ATCC), PC-3 (CRL-1435, ATCC) and CaCo-2 
(HTB-37, ATCC) cells obtained from the American 
Type Culture Collection (ATCC). P. domestica fruit 
extracts were prepared at different concentrations 
(800-400-200-100-50 µg/mL) with serum medium.  
PC-3, CaCo-2, and L929 cells were treated with these 
extracts for 24 and 48 hours.  PC-3, CaCo-2 cells were 
seeded in 96-well plate wells with 4.5 x103 cells per 
well, while L929 cells were seeded in 96-well plate wells 
with 4.2x103 cells per well. They were incubated for 24 
and 48 hours. At the end of the incubation period, the 
medium in the wells was removed and the medium 
was added to each well as a 10% CVDK-8 solution. 
The cells were incubated again in the incubator for 
3 hours. The viability of the cells was determined 
by measuring the optical density at 450 nm using 
a Benchmark Plus microplate spectrophotometer 
(Biorad, Segrate-Milano, Italy). The change in cell 
viability was calculated by comparing the absorbance 
values   of the control groups. Experiments were 
performed with at least three replicates.

Statistical analysis

The data were analyzed using the Statistical 
Package for Social Science (SPSS) program. The 
Kolmogorov-Smirnov test was used to determine 
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whether the data were normally distributed.  Since 
the data showed normal distribution, the results were 
expressed as mean ± standard deviation. One-way 
analysis of variance (ANOVA) followed by Tukey’s 
post hoc test was applied to the results, and the 
differences were considered significant at p < 0.001. 
Two-way analyses of variance (ANOVA) were used 
to evaluate both factors.  The results were assessed at 
95% confidence interval and p<0.001 was considered 
statistically significant.

RESULTS AND DISCUSSION

Evaluation of the antiproliferative potential of 
the extract and fractions

The main methanol extract of P. domestica fruits, 
and the remaining EtOAc and H2O subfractions were 
prepared separately. To evaluate the cytotoxicity of the 
obtained extracts and fractions their effects on cell 
proliferation of two cancer cell lines PC-3 (human 
prostate carcinoma), CaCo-2 (human colorectal 

adenocarcinoma) and normal L929 (murine 
fibroblast) cells were determined using the CVDK 
method.

The results showed a dose-dependent cytotoxicity 
of the EtOAc fraction against the cell lines PC-3 and 
CaCo-2 in concentration ranges of 50-800 µg/mL 
(Figures 1 and 2). The ethyl acetate fraction inhibited 
PC-3 cells by 41.36 % at the highest concentration 
(Figure 1.). The cytotoxic effect was found to be 
limited against all cell lines in the aqueous fractions. 
The main fruit extract and fractions showed negligible 
antiproliferative activity in the L929 cell line (Figure 
3). Cell viability was 93.84%,  even at the highest 
concentration of the ethyl acetate fraction (800 µg/
mL) Miljic et al. tested the cytotoxic effects of fruit 
wines obtained from three plum varieties common in 
Serbia on Hep2c, RD and L2OB cancer cell lines. A 
significant decrease in cell viability was observed with 
an IC50 < 50 µg /mL value against all three cell lines 
(Miljić et al., 2016).

Figure 1. Antiproliferative activities of the P. domestica unripe fruit extract and fractions against PC-3 cell line
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Figure 2. Antiproliferative activities of the P. domestica unripe fruit extract and fractions against CaCo-2 cell line

Figure 3. Antiproliferative activities of  P. domestica unripe fruit extract and fractions against L929 cell line
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Antioxidant capacity of the extract and the 
fractions

Antioxidant activity was determined using 
CUPRAC, TEAC and DPPH assays. While the EtOac 
fraction proved to most effective in all methods, the 
aqueous fractions showed weak antioxidant activity 

(Table 1). Gallic acid was used as the standard 
compound to determine DPPH radical scavenging 
activity and the results were expressed as equivalent to 
gallic acid. For the TEAC and CUPRAC methods, the 
results are expressed as Trolox equivalent.

Table 1. Antioxidant capacity of unripe fruit of P. domestica extract and fractions

DPPHa TEACb CUPRACb

Methanol extract of fruit  101.65
±1.98

179.16
±2.68

212.06
±2.85

EtOAc fraction of fruit 120.64
±2.07

180.45
±2.56

251.43
±1.84

Water fraction of fruit 64.36
±1.08

78.44
±1.36

107.18
±1.24

Data are presented as mean ± SD, n=3 experiments, (p < 0.001)
a: mg gallic acid/g extract
b: mg trolox/g extract

In this study, the ethyl acetate fractions of the 
unripe fruits of P. domestica were the most effective 
fraction according to the antioxidant capacity studies 
tested. The fruit water fraction showed the least 
activity. When comparing the antioxidant capacity of 
the extracts and fractions, the ethyl acetate fraction 
showed the highest effect for all methods, which 
was 251.43 and 180.45 mg Trolox/g extract for the 
CUPRAC and TEAC methods, respectively.

The antioxidant capacity and tyrosinase enzyme 
inhibition results were found to be parallel. The 
ethyl acetate fraction of the fruits showed the highest 
tyrosinase of the enzyme tyrosinase with IC50: 51.83 
µg/mL, and the antioxidant effect was also the highest 
for all tested methods.

In a study, the antioxidant effects of methanol 
extracts of flowers of P. domestica were analyzed by 
ABTS (65 μmol TE g−1),  DPPH (47.50 μmol TE g−1) 
and CUPRAC (1.04 mmol TE g−1) (Dundar, Sahin, 
Parlak, & Saricaoglu, 2023). The DPPH radical 
scavenging activity of plum wines produced from two 
varieties of P. domestica, Crvena ranka and Požegača, 
was investigated, and the results were determined to be 
0.94 and 1.33 mg Trolox L-1, respectively (Ljekocevic 
et al., 2019).

There are numerous studies in the literature 
comparing the antioxidant capacity of ripe and unripe 
fruit (Benmohamed et al., 2023; Hwang, Kim, & Shin, 
2020; Yang et al., 2024). In a study comparing the 
antioxidant effect of ripe and unripe fruits of P. persica, 
it was found that the antioxidant capacity of the 
unripe fruits was higher (Giovanoudis et al., 2023). In 
another study the change in antioxidant capacity and 
chemical content of Prunus persica fruits during the 
ripening period was investigated. Both ascorbic acid 
and polyphenol contents and antioxidant activities 
decreased significantly during the ripening period 
(Liu, Cao, & Jiang, 2015).

Mushroom tyrosinase enzyme inhibition 

The antityrosinase potential of the main methanol 
extract of the fruit, ethyl acetate, and aqueous fractions 
was investigated using L-tyrosine as a substrate. 
The IC50 values of the extract, the fractions, and the 
kojic acid (positive control) are shown in Table 2. 
It was found that all extracts and fractions showed 
very potent inhibition compared to the standard 
compound. The ethyl acetate subfraction showed 
higher antityrosinase effects than the others with IC50: 
51.83 µg/mL value.
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Table 2. Mushroom tyrosinase enyme inhibition of unripe fruit of P. domestica extract and fractions (IC50 µg/mL )

Methanol extract EtOAc fraction Water fraction Kojic acid

102.034 ±1.28 51.83±0.82 121.06±1.08 21±0.28

Data are presented as mean ± SD, n=3 experiments, (p < 0.001).

A study by Wahyuningsih et al. evaluated the effect 
of 2% plum extract application on preventing the 
expression of tyrosinase enzyme and the increase in 
the amount of melanin in the skin of male guinea pigs 
exposed to UV-B light. According to the results, it was 
found that the expression of the enzyme tyrosinase in 
the skin of guinea pigs decreased and the increase in 
the amount of melanin was prevented (Wahyuningsih, 
Pangkahila, & Winarti, 2023).

In another study, the effect of plum leaf extracts 
on the enzyme tyrosinase was investigated. The 
extracts showed weak tyrosinase inhibition (from 0.0 
to 11.6%) compared to licorice extract (91.6%) and 
kojic acid (78.9%), which were used as standards. The 
highest activity was found in EtOAc extracts (Stierlin, 
Azoulay, Massi, Fernandez, & Michel, 2018).

Mocan et al. showed that the tyrosinase enzyme 
inhibition of leaf samples from different cultivars of 
P. domestica between 23.07 mg KAE/g extract for 
cultivar Ialomita and up to 8.90 mg KAE/g extract for 
the cultivar Minerva (Mocan et al., 2018).

CONCLUSION

P. domestica is a globally widespread species that 
has always been consumed as food and is characterised 
by its fruits with a high nutrient content. In this study 
the antiproliferative, antioxidant, and antityrosinase 
effects of extracts and fractions of different polarities 
of the unripe fruits of P. domestica were investigated. 
The extracts, which showed no significant cytotoxic 
effect on healthy L929 fibroblast cells even at high 
concentrations, exhibited a cytotoxic effect on PC-3 
(human prostate carcinoma) and CaCo-2 (human 
colorectal adenocarcinoma) cancer cells, depending 

on the concentration. Unripe fruits of P. domestica 
are a natural source that has no toxic effect on normal 
cells, has a selective cytotoxic effect on cancer cells, 
has a strong antioxidant effect in DPPH, TEAC, and 
CUPRAC methods, and has a strong antityrosinase 
effect compared with kojic acid. Therefore, it can be 
a safe and effective source for developing new natural 
products for the cosmetics and pharmaceutical 
industries. So far, studies have mainly focused on 
ripe fruits, but there are few studies on unripe fruits. 
Therefore, unripe fruits can be considered as a source 
of bioactive natural compounds and have economic 
value.
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