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Abstract: Plane tree (Platanus orientalis L.) leaves have been employed for centuries in various countries due to their pharmacological value. Therefore, 
determination of the biological activity of the leaves is of interest. The aim of the study was to evaluate the inhibitory effects against Alzheimer’s disease-related 
enzymes Acetylcholinesterase (AChE) and Butyrylcholinesterase (BuChE), diabetes mellitus related enzymes α-glucosidase and α-amylase. The antioxidant, an-
ticancer, and antimicrobial activities of the leaves were also studied. According to the results, both water and methanol extracts of P. orientalis demonstrated more 
α-glucosidase and α-amylase inhibition activity than the antidiabetic drug-acarbose at the same concentration level. In addition, extracts showed good inhibition 
activity against AChE and BuChE. Significant results were obtained regarding antioxidant, anticancer, and antimicrobial activities. These results are very promis-
ing especially for the improvement of pharmaceutical formulations to treat various diseases such as age-related diseases, cancer, diabetes etc. and it is necessary 
to conduct further experiments.
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Introduction

The Platanus orientalis L. (plane tree) is a member 
of the Platanaceae family and grows naturally in the 
Mediterranean region of Southern-Europe and south-
western Asia especially in microclimate regions. The 
P. orientalis has deeply lobed leaves and very strong 
branches (1, 2). The leaves of P. orientalis possess sev-
eral active compounds, such as flavonoids, pentacyclic 
triterpenoids, tannins, and caffeic acid (3-6). These com-
pounds are widely used as traditional medicine in some 
countries such as Turkey and Iran for the treatment of 
some dermatological, gastrointestinal, rheumatic, and 
inflammatory diseases (3, 7).

Today’s plant medicines and natural products, com-
pared to chemical drugs, are great importance and more 
attention to them (8). Today, it is well known that many 
diseases such as cancer, autoimmune disorders, ageing, 
cardiovascular, and neurodegenerative diseases are di-
rectly related to oxidative stress and antioxidants are the 
compounds that can prevent or stop cell damage caused 
by oxidants. In other words, they improve the body’s 
cellular defence system against oxidative damage. 
Therefore, they are extremely important for our health 
and they are readily available from natural sources, es-
pecially plants. 

Cholinesterases, which are a family of enzymes, ca-

talyse the hydrolysis of acetylcholine (ACh) into cho-
line and acetic acid (9). There are two main types of 
cholinesterase, one of which is acetylcholinesterase 
(AChE; EC 3.1.1.7.) and the other is butyrylcholinester-
ase (BChE; EC 3.1.1.8). Although AChE and BChE are 
similar to each other, in the body their importance and 
localization show differences (9). Studies have demon-
strated that AChE plays a significant role in the accel-
eration of amyloid deposition in the brain in Alzheim-
er’s disease (10). Therefore, cholinesterase inhibitors 
(ChEI) are used to stabilize the cognitive functions of 
Alzheimer's disease patients and ChEI can prolong the 
stabilization up to 24 months in some patients (10). 

α-glucosidase and α-amylase, which are the main 
starch digestive enzymes, directly affect the glucose 
level in blood. Thus, to decrease the postprandial in-
crease of blood glucose, their inhibition is a sensible 
strategy, especially for the treatment of type 2 diabetic 
patients (11, 12). Some synthetic drugs used for inhibi-
tion of these enzymes may cause some gastrointestinal 
side-effects, so as with many new drug discoveriesy, it 
is crucial to obtain drugs from natural products.

Cancer is a very serious life-threatening disease and 
the second-leading cause of death worldwide after car-
diovascular diseases. Traditional cancer treatments in-
cluding chemotherapy, surgery, and radiotherapy have 
several side-effects and may cause systemic toxicity. 
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In addition, the resistance of cancer cells to chemo-
therapeutic drugs is an important problem (13). Conse-
quently, the usage of natural products has significantly 
increased in recent years (14).

The aim of this study was to identify and compare 
the chemical content of extracts obtained from water 
and methanol extraction of P. orientalis leaves. To be 
able to understand the pharmacological value of P. 
orientalis leaves, the antimicrobial, anticancer, an-
tioxidant, and various enzyme inhibition activities of 
these two extracts were also studied. To the best of our 
knowledge, this is the first report to have demonstrated 
the antimicrobial, anticancer, antioxidant, and various 
enzyme activities of extracts of P. orientalis leaves.

Materials and Methods

This study was conducted in the laboratories of the 
Faculty of Pharmacy, Cumhuriyet University, Sivas in 
2018. Leaves of P. orientalis L. were collected from the 
wild flora of Sivas. The experiments were performed in 
completely randomized design with three replications.

MDA-MB-231 cells, derived from human breast 
adenocarcinoma, and L929, derived from mouse fibro-
blast cells, were obtained from the American Type Cul-
ture Collection. Dulbecco’s modified Eagle’s medium 
(DMEM) (ATCC, Manassa, USA), fetal bovine serum 
(FBS) and sterile phosphate buffer saline (PBS) were 
obtained from PAA Ltd. (France). Trypsin-EDTA was 
purchased from Biological Industries Ltd. (Haemek, Is-
rael). DMEM without phenol red and L-glutamine–pen-
icillin streptomycin solution were purchased from Sig-
ma-Aldrich (Steinheim am Albuch, Germany). XTT re-
agent (2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide) was purchased from 
Roche Diagnostic.

Preparation of extracts
The plant leaves were milled with a grinder then 

dried to a constant weight out of sunlight. The dry plant 
leaves were ground in a blender (Blue house). 10 gr of 
the leaf was soaked in 50 mL of methanol (Sigma) for 
24 h with intermittent shaking. At the end of the extrac-
tion, it was filtered through No. 1 Whatman filter paper. 
The filtrate was concentrated to dryness under reduced 
pressure in a rotary evaporator at 40°C and this was re-
peated three times. The obtained extracts were analyzed 
using Gas Chromatography Mass Spectrometry (15).

In-vitro Antioxidant Activity

DPPH Radical Scavenging Activity
The DPPH radical scavenging activities of the ex-

tracts were determined using the Clarke, G. method 
(16). 20 μL of test solutions diluted with DMSO was 
mixed with 180 μL of DPPH solution (in 40 μg/mL con-
centration prepared in methanol) in 96-well plates. After 
the plates were left in the dark for 15 min, the absor-
bance was read with an ELISA reader at 540 nm. Quer-
cetin solution prepared with DMSO instead of the test 
sample as standard and DMSO as control were run in 
parallel. The experiments were conducted in parallel in 
three groups and the standard average error (SEM) was 
also calculated. The results were expressed as % DPPH 

sweeping effect using the following equation: 
% DPPH Scavenging Effect = ((Control Absorbance 

- Sample Absorbance)/Control Absorbance)) x 100
Where control absorbance was without test sub-

stances, the sample absorbance was the extract/querce-
tin absorbance.    

2,2′-Azino-bis-(3-ethylbenzothiazoline-6-sulphonic 
acid) (ABTS) radical scavenging assay 

The method of Chun et al. was used to determine 
the ABTS scavenging activity of the plant extracts (17). 
Test samples were prepared as in the DPPH method. 
The stock solution of ABTS + radical was prepared 
by allowing 15 mL of 7 mM ABTS and 264 μL of 140 
mM potassium persulfate solution to stand in the dark at 
room temperature for 16 h before experimentation. The 
ABTS working solution was adjusted so that the previ-
ously prepared stock solution had an absorbance of 0.70 
± 0.02 at 734 nm with methanol dilution. On a 96-well 
plate, 50 μL sample solution was mixed with 100 μL 
ABTS working solution. After the mixture was allowed 
to stand at room temperature for 10 min, the absorbance 
was read at 734 nm. The ABTS + scavenging activity 
of the plant extract was compared with BHT and the 
percentage inhibition was calculated with the formula:

ABTS+ scavenging activity (%)=[(Abscontrol-Abstest)/
(Abscontrol)] X 100
Abscontrol: Absorption of ABTS + radical solution and 
methanol
Abstest: Absorption of ABTS + radical and test or refer-
ence 

Total phenol content 
The total amount of phenol in the extracts was mea-

sured as the result of the reaction with the Folin-Cio-
calteu (F-C) reagent. The extracts, diluted appropriately 
with 10 μL DMSO, was mixed with 100 μL of distilled 
water and freshly diluted 10-fold diluted F-C reagent. 
After 5 min, 100 μL of 7.5% Na2CO3 was added, then 
after a 60 min wait, the absorbance at 650 nm was mea-
sured. Appropriate blank (DMSO) and reference (Gallic 
acid in DMSO) were run in parallel. Total phenol quan-
tities were then calculated from the absorbance values 
of the samples (16). 

Total flavonoid content
The aluminum chloride colourimetric method was 

used to determine total flavonoid content in the extracts. 
For calibration, serial dilution solutions of 0.0625 mg/
mL, 0.125 mg/mL, 0.25 mg/mL, 0.5 mg/mL, 1 mg/mL 
were prepared from 10 mg/mL stock solution of quer-
cetin. The test solution (150 µL, 0.3 mg/mL) prepared 
with ethanol was mixed on a 96-well plate with 2% 
AlCl3. After 15 min incubation at room temperature, the 
absorbance was read at 435 nm. Quantities of total fla-
vonoids were calculated as mg equivalent of quercetin 
over the dry weight of extract (18). 

Iron chelating activity
The iron chelating activity of the extracts was deter-

mined according to their interaction with the formation 
of ferrozine-Fe2+ complex. Previously described proce-
dures were used (19). Ferrrozine, used in this method, 
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pH 6.9) was used as a negative control in place of the 
sample. Each sample was carried out in triplicate with 
different concentrations. The reaction mixture contain-
ing 50 µL of sample solution diluted with buffer, and 25 
µL of a-amylase from porcine pancreases (0.5 mg/mL) 
was incubated for approximately 10 min at 25ºC. Then 
50 µL of freshly prepared 0.5% starch solution (w/v) 
was added to each well as substrate and incubated for a 
further 10 min at 25ºC. After the incubation period, 100 
µL of 1% 3,5-dinitrosalicylic acid (DNS) color reagent 
was added as a colour reagent and heated in a water bath 
for 10 min.  The absorbance was read at 540 nm. 

Antimicrobial activity

Microdilution broth method
In this study, the microdilution broth method was 

employed for the determination of the minimum in-
hibitory concentration (MIC) of methanol and water 
extracts of P. orientalis (24). Staphylococcus aureus 
(ATCC 29213), Enterococcus faecalis (ATCC 29212), 
Pseudomonas aeruginosa (ATCC 27853), Escherich-
ia coli (ATCC 25922), Klebsiella pneumonia (ATCC 
13883) and Candida albicans (ATCC 10231) microor-
ganisms were used. 

The stock solution was prepared by dissolving the 
methanol and water extracts in 50% Dimethyl sulfox-
ide (DMSO) to 50 mg/mL. Mueller Hinton Broth (Ac-
cumix® AM1072) for bacteria, and Saboraud Dextrose 
Broth (HiMedia ME033) for C. albicans were used. In 
the first line of microtiter plates, 90 uL broth was added 
to the wells and 50 μL aliquots was added to the other 
wells. The 11th wells were used as sterility controls and 
100 μL of broth was added. The 12th wells were used 
as a reproductive control. 10 μL of extract was added to 
the first batch of wells and serial dilutions were made. 
The turbidity of each strain was adjusted to 0.5 McFar-
land turbidity standard and then diluted in the broth 150 
times for bacteria and 1000 times for C. albicans. A sus-
pension of 50 μL of microorganism was added to each 
well to give 5 x105 CFU/mL for bacteria and 0.5-2.5 
x103 CFU/mL for C. albicans (25, 26). The plates with 
the added bacteria and C. albicans were incubated at 
37 °C and 35 °C for 16-24 h, respectively. The extract 
concentration in the wells ranged from 2.5 to 0.004 mg/
mL. At the end of the incubation period, in order to ob-
serve microbial growth, 50 μL of 2 mg/mL 2,3,5-Tri-
phenyltetrazolium chloride (TTC) (Merck, Germany) 
was added to each well and incubated at 37 °C for 2 h. 
The first wells without colour change were accepted as 
MIC values. The test was repeated twice and the same 
results were achieved. 

In-vitro cytotoxicity assay

Cell culture
The cytotoxicity of the water and methanol extracts 

was tested against MDA-MB-231 and L929 cell lines. 
Both cell lines were cultured in low glucose DMEM 
containing 10% FBS, 1% L-glutamine, 100 IU/mL peni-
cillin and 10 mg/mL streptomycin in 25 cm2 polystyrene 
flasks and maintained in a humidified atmosphere with 
5% CO2 at 37 °C. Growth and morphology were moni-
tored and cells were passaged when they had reached 

is a substance that can rapidly react with iron to form a 
coloured complex. This assay was performed by add-
ing 200 µL of FeCI2 (0.1 mM), 200 µL of extract, and 
400 µL of 0.2 mM ferrozine in test tubes and allowing 
the mixtured to react at 25 ºC. After 10 min at room 
temperature, the absorbance of the assay samples was 
measured at 562 nm spectrophotometrically. EDTA was 
used as the positive control. 

Ferric Reducing Antioxidant Power (FRAP) assay
FRAP assay uses antioxidants as reductants in a re-

dox-linked colourimetric method. The FRAP assay was 
conducted according to the previously reported method 
with a slight modification (18, 20). Each extract was 
dissolved in DMSO to prepare a stock solution. FRAP 
reagents included 300 mmol/ litre acetate buffer, pH 
3.6, 10 mmol/litre TPTZ (2,4,6-tripyridyl-s-triazine) in 
40 mmol/litre HCI, and 20 mM FeCI3.6H2O solution. 
The working FRAP reagent was prepared as required by 
mixing the solutions in the ratio of 10:1:1 at the time of 
use. All solutions were prepared fresh on the day of the 
experiment. 30 µL of the sample solution and 270 µL of 
freshly prepared FRAP reagent were mixed together in 
96-well plates and warmed at 37ºC for 4 min. All deter-
minations were performed in triplicate. The absorbance 
was measured at 593 nm. A standard calibration curve 
was prepared using different concentrations of FeSO4 
solution. The results were expressed as FRAP value.

Acetylcholinesterase / butyrylcholinesterase inhibi-
tion assay

The assay was carried out according to the Ellman 
method (21) as follows. The mixture consisting of 20 
µL of test sample/reference standard of various concen-
trations, 140 µL of 200 mM phosphate buffer (pH 7.7), 
10 µL of DTNB and 20 µL of enzyme (0.22 U/mL for 
acetylcholinesterase/ 0.1 U/mL for butyrylcholinester-
ase) was incubated for 5 min at 25 ◦C. Following prein-
cubation, 10 µL of the substrate (0.71 mM acetylthio-
choline iodide/0.2 mM butyrylthiocholine chloride in 
phosphate buffer) was added to start the reaction and in-
cubated again for 10 min. The developed yellow colour 
was measured at 412 nm (Epoch, USA). Galanthamine 
was used as the positive control. 

α-glucosidase inhibition activity
The α-glucosidase inhibition method was performed 

as previously described in literature (22). Acarbose 
was used as a positive control, while phosphate buffer 
was used as a negative control in place of the sample. 
Each concentration was carried out in triplicate. 25 µL 
of sample solution diluted with buffer was mixed with 
25 µL of a-glucosidase (0.5 U/mL), and incubated for 
approximately 10 min at 25ºC. Then 25 µL of 0.5 mM 
4-nitrophenyl-β-D-glucoronide (pNPG) was added to 
each well as substrate and incubated for a further 30 min 
at 37ºC. After the incubation period, 100 µL of 0.2 M 
sodium carbonate was added to terminate the reaction 
and the absorbance was read at 405 nm. 

α-amylase inhibition activity
The α-amylase inhibition method was also carried 

out according to literature (23). Acarbose was used as a 
positive control, while phosphate buffer (0.02 M PBS, 
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85-90% confluence.

Cell proliferation assay
The antiproliferative activity of the extracts was 

evaluated using the XTT cell proliferation assay against 
the MDA-MB-231 and L929 cells. Initially, the cancer 
and control cells were seeded at a density of 5x103 cells 
per well in 96-well culture plates in 100 µL of culture 
medium and were allowed to attach overnight before 
treatment. Then these cells were treated with various 
concentrations (0.0625, 0.125, 0,25, 0.5, 1 mg/mL) of 
extracts for 24 h. Following treatments, the medium 
was removed and wells were washed twice with 200 μL 
phosphate buffered saline (PBS). At the end of these pe-
riods, for determination of living cells, 100 μL DMEM 
without phenol red and 50 μL XTT labelling mixture 
were added to each well and then the plates were incu-
bated for another 4 h. The absorbance of XTT-forma-
zan was measured using micro-plate (ELISA) reader at 
450 nm against the control (the same cells without any 
treatment). All experiments were performed in three 
independent experiments and the cell viability was 
expressed in % related to control (100% of viability). 
 

Statistical analysis
Data obtained from in vitro antioxidant and antidia-

betic activity were expressed as the mean ±standard 
deviation (SD). Cytotoxicity results were evaluated sta-
tistically using one-way analysis of variance (ANOVA) 
at 95% confidence levels for multiple comparisons. The 
Tukey test was used as the post-hoc test. P values less 
than or equal to 0.05 were considered to be statistically 
significant. The 50% inhibitory concentration of the ex-
tract and reference compounds were calculated through 
an extract dose-response curve on GraphPad Software 
(San Diego, CA, USA).

Results and Discussion

Chemical composition
The chemical compositions of the water and metha-

nol extracts of P. orientalis were studied using GC-MS 
(Table 1). According to the GC-MS results, the metha-
nol extract of P. orientalis has many more different 
chemical components. In other words, the methanol 
solubility of P. orientalis leaves is much greater. When 
the most abundant components in the extracts were 
examined, for the water extract, 1,4:3,6-Dianhydro-.

Chemical Components RT
Relative Content (%)
 Water           Methanol

Acetic acid, hydroxy-, methyl ester 4.208 0.02
2-Hydroxy-2-cyclopenten-1-one 9.370 4.31
Perdeuterobenzene 13.358 2.59
4-Chloro-3-methylbut-2-en-1-ol 13.838 0.06
2,3-Dihydro-3,5-dihydroxy-6-methyl -4H-pyran-4-one 16.711 3.43
1,2-Benzenediol 18.307 6.78
1,4:3,6-Dianhydro-.alpha.-d-glucopyranose 18.582 7.26 0.49
2-Methoxy-4-vinylphenol 22.461 0.50
1-(3,6,6-Trimethyl-1,6,7,7a-tetrahydrocyclopenta[c]pyran-1-yl)ethanone 25.958 5.69 10.74
Benzene, 1-ethyl-3,5-dimethyl- 26.616 1.08
Benzene, 2-ethyl-1,3-dimethyl- 26.947 1.21
1-Dodecanol (CAS) 28.212 4.53
Phenol, 2,4-bis(1,1-dimethylethyl)- 29.288 2.99
2-Propenoic acid, n-tridecyl ester 33.430 4.73
 (-)-Loliolide 35.038 1.53
Hexadecanoic acid, methyl ester 37.699 2.62
Hexadecanoic acid (CAS) 38.346 4.10
Seselin 40.308 0.65
1-Methoxy-1,3-cyclohexadiene 40.417 0.35
9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)- (CAS) 40.526 1.54
Neophytadiene 40.703 7.66
Octadecanoic acid, methyl ester 40.880 0.30
Ethyl linoleolate 41.144 2.81
2H-1-Benzopyran-2-one, 7-methoxy-6-(3-methyl-2-butenyl) 42.351 1.76
Bravelin 42.563 1.26
1-(P-fluorophenyl)-2,3-dimethylnap hthalene 44.016 0.86
3-Keto-isosteviol 45.899 1.52
Kaur-16-en-18-oic acid, 13-hydroxy -, methyl ester, (4.alpha.)-(.+/-.)- 45.990 1.47
1-naphtho[2,1-b]furan-2-yl-2-naphthol 49.938 0.51
Vitamin E 55.557 1.72

Table 1. Chemical components of the water and methanol extracts of P. orientalis.
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alpha.-d-glucopyranose had the highest value, and 
for the methanol extract 1-(3,6,6-Trimethyl-1,6,7,7a-
tetrahydrocyclopenta[c]pyran-1-yl) ethanone. This 
compound was also the third most common compound 
in the water extract. Although the methanol extract has 
many more components, the AChE and BChE inhibition 
activities and α-amylase inhibition activity of the water 
extract were higher than in the methanol extract. From 
this it was concluded that more polar and synergistical-
ly more effective components pass to the water extract. 
However, it should be kept in mind that the methanol 
extract has more α-glucosidase inhibition activity. 

When the contents of the extracts are evaluated in 
terms of antioxidant activity, generally the methanol 
extract showed more antioxidant activity for different 
in-vitro systems except for iron chelating activity. This 
may be due mainly to the greater presence of total phy-
tochemical compounds in the extract of the methanol. 
When the contents of the extracts were compared ac-
cording to antimicrobial activity, the methanol extract 
has more antimicrobial activity than the water extract. 
Probably the main reason for this is that more total phy-
tochemical compounds are present in the methanol ex-
tract.

Enzyme activity
The methanol and water extracts obtained from P. 

orientalis leaves were evaluated for their inhibitory ef-
fects against the Alzheimer’s disease-related enzymes, 
AChE and BChE, diabetes mellitus-related enzyme 
α-glucosidase and α-amylase (Table 2). The water ex-
tract showed stronger AChE and BChE inhibition ac-
tivity than the methanol extract. Similarly, α-amylase 
inhibition activity was also higher than in the methanol 
extract. However, the α-glucosidase activity of metha-
nol extract was stronger than in the water extract. It 
should be emphasized that neither the water nor the 
methanol extract demonstrated more α-glucosidase and 
α-amylase inhibition activity than the antidiabetic drug-
acarbose at the same concentration level.

Antioxidant activity
The methanol and water extracts prepared from P. 

orientalis leaves were evaluated for antioxidant activity 
by different in-vitro systems, including DPPH, ABTS 
radical scavenging, total phenol, total flavonoid, iron 
chelating and ferric reducing power assay methods. The 
results are presented in Figure 1. 

The total phenolic content of the extracts was ex-
pressed as milligrams of gallic acid (phenolic content: 
13.85±0.78 for water extract and 15.35±0.28 for metha-
nol extract) equivalent per gram of P. orientalis leaves. 

The methanol extract showed higher DPPH radical 
scavenging activity than the water extract, while both 

extracts showed the same activity in ABTS radical 
scavenging. In the DPPH and ABTS radical scaveng-
ing assay, the water and methanol extracts demonstrated 
scavenging activity in a concentration-dependent man-
ner. However, at lower concentrations, the methanol ex-
tract is more active than the water extracts, while the 
concentration did not have much effect on ABTS radical 
scavenging with both of the extracts.

Since metal ions in biological systems play an in-
ductive role in the formation of free radicals, the abil-
ity of methanol and water extracts from plane leaves to 
form chelate with metal was investigated in this study. 
The results demonstrated that, the water extract exhib-
ited strong iron chelating activity, which may be related 
to the polar compounds present in the water extract at 
higher amounts than in the methanol extract.

Overall, it was seen that the in-vitro antioxidant and 
antidiabetic activity was linked with the phytochemical 
compounds such as total phenolic and flavonoid pres-
ent in the extracts. It is noteworthy that the methanol 
and water extracts exhibited strong α-glucosidase and 
α-amylase inhibition activity, suggestings that other 
phytochemical compounds (alkaloids, terpenes, lignans 
etc.) may contribute to the enzyme activity. Therefore, 
further bioassay-guided phytochemical and active com-
pound identification studies are required to determine 
potential antioxidant and antidiabetic therapeutic lead 
compounds.

Antimicrobial activity
The antimicrobial activities of P. orientalis extracts 

against 5 bacteria and Candida albicans were detected 

Extracts
Anticholinesterase activity Antidiabetic activity
AChE BChE α-glucosidase α-amylase

Water 65.61 ± 4.12 79.51 ± 0.97 62.50 ± 2.91 75.29 ± 0.68
Methanol 54.39 ± 3.19 65.76 ± 4.04 63.04 ± 0.47 69.06 ± 2.20
Reference Drugs
Galanthamine hydrobromide 93.87± 0.56 89.89 ± 0.01
Acarbose 57.56 ± 0.52 58.40 ± 0.63

Table 2. Enzyme inhibitory activities (%) of the water and methanol extracts of P. orientalis leaves (at 2 mg/mL concentrations).

Figure 1. The in-vitro antioxidant activity of the methanol and 
water extracts of P. orientalis leaves; a) DPPH radical scavenging 
activity; b) ABTS radical scavenging activity; c) total phenol and 
total flavonoid contents; d) iron chelating activity; e) ferric reduc-
ing power as FeSO4 equivalent.
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in the range of 2.5 to 0.018 mg/mL (Table 3). It has been 
reported that antimicrobial activity of plant extracts is 
significant if the MIC value is 0.1 mg/mL or less, mod-
erate if the MIC value is in the range of 0.1 < MIC ≤ 
0.625 mg/mL and weak if the MIC value is greater 
than 0.625 mg/mL (27, 28). Based on these criteria, the 
water extracts obtained from P. orientalis were found 
to be moderate (0.156 mg/mL) on the Staphylococcus 
aureus, and weak on the other tested bacteria and C. 
albicans. However, methanol extracts were determined 
to be more effective on bacteria and fungi than the wa-
ter extracts. The methanol extracts of P. orientalis were 
found to be effective (0.018 mg/mL) on S. aureus, and 
moderate (0.625 mg/mL) on P. aeruginosa. However, 
the water and methanol extracts of P. orientalis were 
detected to have weak antimicrobial effects (>0.625 mg/
mL) on the other microorganisms.

Cell viability
The in-vitro cytotoxicity of water and methanol 

extracts of P. orientalis was evaluated both on MDA-
MB-231 and L929 cell lines with the XTT assay and 
the results are given in Figure 2. According to the ex-
perimental results, MDA-MB-231 cell proliferation 
reduced dramatically (p<0.05) in a dose-dependent 
manner in the presence of water and methanol extracts 
at all concentrations when compared with the control 
group. Moreover, the methanol extracts showed more 
anti-proliferative effects than the water extracts.  This 
may be due to the fact that the methanol extract has a 
richer chemical content than the water extract, as shown 
in Table 1. The IC50 of water and methanol extracts of P. 
orientalis in MDA-MB-231 cell lines was calculated as 
0.053 mg/mL and <0.0625 mg/mL, respectively. How-
ever, neither extract showed any significant cytotoxic-
ity on the L929 cell line at the IC50 concentrations. In 
general, the results suggest that P. orientalis extracts 

may have potent anti-proliferative activity against 
MDA-MB-231 cell lines and may be useful as antican-
cer agents. Nevertheless, further studies are warranted 
to investigate the anticancer properties of P. orientalis.

In summary, the results of this study showed the 
biological activity of water and methanol extracts of P. 
orientalis. The chemical content of the extracts was cla-
rified by GC-MS. The results of this study showed that 
both extracts have good inhibitory effects against AChE, 
BuChE, α-glucosidase and α-amylase enzymes. It is ne-
cessary to emphasize that both methanol and water ex-
tracts demonstrated more α-glucosidase and α-amylase 
inhibition activity than the antidiabetic drug-acarbose 
at the same concentration level. The antioxidant, anti-
cancer and antimicrobial results of the leaf extracts 
can be seen as highly promising. In conclusion, these 
results indicate that the various extracts of P. orienta-
lis L. leaves may be useful in preparing pharmaceutical 
formulations to treat various diseases such as diabetes, 
cancer, Alzheimer’s disease etc. In this respect, further 
studies are being carried out in our laboratory.
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