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Abstract: This study on Acer campestre L. subsp. campestre, used traditionally ARTICLE HISTORY

in treatments of various inflammation disorders, especially hemorrhoids and Received: March 31 2020
rheumatism, aimed to determine the total phenolic contents, the antioxidant and ' '
antimicrobial potentials, and the chemical composition profile of the extracts and ~ Revised: April 27, 2020
subextracts from maple syrup and Acer campestre L. subsp. campestre leavesand  Accepted: May 13, 2020
twigs. The antioxidant activities of maple syrup extracts and subextracts were

examined by 2,2—diphenyl—l—picry!—hydra_zyl (DPPI-_|), a_nd the total phenolic kev\WORDS
contents of all samples were determined using the Folin-Ciocalteu reagent (FCR)

method. Also, they were tested for their antimicrobial activities by microbroth ~Acer campestre subsp.
dilution technique. Catechic tannin, saponins and flavonoids are determined in its  campestre,

leaves and twigs by preliminary qualitative phytochemical analysis. The Maple syrup,

alcoholic extracts obtained by 48-hour maceration (91.2%), ethyl acetate
subextract of alcohol extracts obtained by 24-hour maceration (91.1%) and
alcohol extracts obtained by 24-hour maceration (88.8%) exhibited higher radical
scavenging activity than other samples, while the decoction and infusion had ~Antimicrobial
moderate activities. Beside of this, it was found that the syrup and its subextracts

have more total phenolic contents than other extracts. The alcohol extracts

obtained by 24-hour maceration and by 48-hour maceration exhibited higher

activity against Candida albicans (78 pg/mL and 156 pg/mL, respectively). Only

the alcohol extract obtained by 48-hour maceration and ethyl acetate subextract

of syrup showed an activity against Escherichia coli, while all samples except

butanol subextract of syrup have an antibacterial activity against Pseudomonas

aeruginosa.

Antioxidant,
Total phenolic content,

1. INTRODUCTION

Oxygen-derived free radicals have a major role in the development of oxidative stress and
may cause various chronic and degenerative diseases such as coronary heart disease, stroke,
inflammatory diseases, aging, cancer and diabetes mellitus. In addition to these, the role of
these radicals in the inflammatory process was already proved and it was specified that they are
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implicated in the activation of nuclear factor kB, which induces the transcription of
inflammatory cytokines and cyclo-oxygenase 2. The antioxidant agents scavenge or increase
the effects of these radicals and play therefore an important role to prevent and also to treat the
diseases that are caused by oxidative stress. In recent years, natural antioxidant compounds
come into prominence in many investigations because of the unfavorable effects of synthetic
antioxidants. Many studies on the contribution of phenolic compounds to antioxidant activities
of plants exist in literature [1,2]. It is well known that these compounds exhibit also good anti-
inflammatory activity [3,4]. This relationship between antioxidant and anti-inflammatory
properties are subject to an increasing number of studies. As a matter of fact, it was designated
with the recent studies on anti-inflammatory plants that their anti-inflammatory activity is
related to the synergistic effects of free radical scavenging activities, effects like corticoid or
pro-inflammatory enzyme inhibitors [1,2].

Maple syrup, used in food industry as a sweetener, is prepared from various Acer species
and is mostly produced in eastern North America, Canada and the United States, with the
province of Quebec (in Canada) responsible for the majority of the world’s supply
(approximately 80%) [5]. Many investigations on maple syrup exist in literature [6-19]. Apart
from the content of maple syrup such as amino acids (arginine, threonine, proline, etc.),
vitamins (riboflavin, niacin, thiamine, etc.), minerals (K, Ca, Mg, Na, Mn, Al, Zn, Fe, etc.),
phytohormones (abscisic acid and phaseic acid and their metabolites) and organic acids
(fumaric acid, malic acid, etc.) [6-8], the phenolic compounds (belonging to lignan, phenolic
acid, stilbene, coumarin and flavonoid subclasses) are secondary metabolites, mostly isolated
from the syrup [9-14]. The anticancer, antioxidant, a-glucosidase enzyme inhibitory, and anti-
inflammatory activities were determined in previous in vitro studies [15-17] as well as liver-
protective effects in animal studies [18] and the potential to reduce plasma glucose levels [19].
Some of the studies on maple syrup and Acer species is mostly used in the production of maple
syrup (A. saccharum Marsh., A. rubrum L.) are very interesting and useful. The mechanism of
action of the anti-inflammatory effect was studied, and its potency was displayed by comparing
resveratrol, curcumin and quercetin, which are known as strong anti-inflammatory compounds
[17]. The antioxidant, antiradical and antimutagenic activities of the phenolic compounds in the
syrup were also investigated and it was found that all the studied phenolic compounds showed
antioxidant and antiradical activity and the glycosylated phenolic compounds were more
effective than the aglycons [20].

In a study on cytotoxicity of maplexins A-I from Acer rubrum L., it was shown that the
two (maplexins C-D) or three (maplexins E—I) galloyl derivatives had antiproliferative effects
against HCT-116 and MCF-7 cells, and the cancer cells were up to 2.5-fold more sensitive to
the maplexins than the normal cells [21]. In an investigation on the anti-hyperglycemic activity
of the methanol extract prepared from Acer saccharum Marsh. leaves, the extract exhibited a
potent inhibitory effect on a-glucosidase in vivo and in vitro and acertannin was isolated via
assay-guided fractionation of the crude extract [22]. Wu et al. were studied the antibacterial
activities of extracts prepared with 50% ethanol from five Acer species (Acer platanoides L.,
Acer campestre L., Acer rubrum L., Acer saccharum Marsh. and Acer truncatum Bunge)
against 24 standard bacteria strains. They showed more inhibitor activity against Gram-positive
bacteria and were effective by a different mechanism from levofloxacin. They also inhibited -
ketoacyl-ACP reductase (FabG), which has an important role in bacterial fatty acid synthesis.
Additionally, tannic acid and two maple leaf extracts, exhibited better inhibition on bacteria,
showed time-dependent irreversible inhibition of FabG [23]. In another study on the
antiprotease activity of certain medicinal plants from Slovakia, only the extracts of Acer
platanoides and Rhus typhina L. showed urokinase inhibition activity [24]. The ash of the bark
of Acer campestre subsp. campestre, is used to treat the inflamed wounds in traditional
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medicine, in Turkey (Catalca) [25]. The juice from gallnut on its leaves and branches is
preferred for the treatment of eczema traditionally in Turkey (Kocaeli) [26].

In this study, the chemical composition profile by preliminary qualitative phytochemical
analysis of various extracts obtained from the leaves and twigs of Acer campestre subsp.
campestre (ACC), used traditionally in various inflammatory diseases especially hemorrhoids
and rheumatism in Turkey, and the antioxidant activity, total phenolic content and antimicrobial
activity of various extracts obtained from the leaves and twigs of ACC and also of the maple
syrup and its subextracts were investigated. Additionally, the activities and total phenolic
content of ACC extracts were compared with the activities of the maple syrup and its extract,
for the aim to make a prediction about the possibility for usage in infectious diseases and about
the anti-inflammatory activity of ACC.

2. MATERIAL and METHODS
2.1. Plant Material

The maple syrup was procured from the overseas market. The leaves and twigs of Acer
campestre L. subsp. campestre were collected from Catalca - Istanbul (Turkey), in July 2017
and the voucher specimen has been deposited in the Herbarium of the Faculty of Pharmacy,
Istanbul University (ISTE 115948).

2.2. Preliminary Qualitative Phytochemical Analysis

The infusions were prepared from 5 g of air-dried and powdered plant part with 100mL
boiled water in 30 min. After cooling, the infusions were filtered. Following tests were
performed with these filtrates for qualitative detection of phytochemicals e.g. flavonoids,
anthracenes, saponins, tannins (catechic tannin and gallic tannin). In addition to these, the dried
and powdered plant part was used for the tests alkaloids [27]. The results were expressed in the
presence (+) and absence (—) of the phytochemicals.

2.2.1. Test for flavonoids

Over 5mL infusion, 5mL Shibata Reagent (conc. HCl+water+ethanol) and a piece of
Magnesium were added and it has been observed whether orange, red or purple color has
occurred (Shibata Reaction = Cyanidin Reaction).

2.2.2. Test for Anthracene Compounds

Over 10mL infusion, 5 drops concentrated H2SO4 was added. The mixture was warmed
in boiling water for 15 min. and extracted with 5 mL toluene after cooling. Over the toluene
phase, 3mL NHz solution (10%) was added and it has been observed whether rose pink to red
color has occurred.

2.2.3. Test for Saponins

10 mL infusion was shaken vigorously in a graduated cylinder for 30 sec. and it has been
observed after 15 min. whether minimum 1 cm foam layer has occurred.

2.2.4. Test for Tannins
2.2.4.1. Gelatin Test (for the General Determination of Tannins)

Over 5mL infusion, 2mL Gelatin-salt Reagent (Gelatin solution (1%) saturated with
NaCl) was added. It has been observed whether cream-beige precipitate has occurred.

2.2.4.2. Separation of the Type of Tannins

1% step - Ferric Chloride Test: Over 10mL infusion, 3 drops FeCls (5%) was added. It has
been observed whether blue-black colour (gallic tannin) or dark olive green (catechic tannin)
has occurred.
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2" step — Stiasny Reaction (for the separation of tannin types): Over 10mL infusion, 5mL
Stiasny Reagent (formol in water (30%) + conc. HCI) was added. The mixture was warmed in
water (80°C) for 30 min. When the material contains catechic tannin, precipitates in potions
appeared. After cooling of the mixture, it was filtered. 3mL filtrate was saturated with sodium
acetate. After adding of 3 drops diluted FeCls solution, it has been observed whether blue-black
precipitate or colour has occurred.

2.2.5. Test for Alkaloids

1 g of air-dried and powdered plant part was extracted with 10mL H2SO4 solution (3%)
in hot water. It was cooled and filtered. After adding 5 mL NHs solution (10%), it was stirred
with 10mL ether. The layers were allowed to separate. The etheric phase was evaporated to
dryness. The residue was dissolved in 10mL H>SOs solution (3%). The alkaloid control
reactions were made on this solution in 3 portions.

1. After adding of the Mayer Reagent (mercuric chloride + potassium iodide + water), it has
been observed whether milk-white precipitate has occurred.

2. After adding of the Bouchardat Reagent (iodine + potassium iodide + water), it has been
observed whether dark red precipitate has occurred.

3. After adding of the Dragendorff Reagent (bismuth carbonate + potassium iodide + water),
it has been observed whether orange-red precipitate has occurred.

2.3. Preparation of the Plant Material for the Preliminary Analysis
2.3.1. Total Moisture Content (Loss on Drying)

Air-dried and powdered plant part (weight: A) was put into a pre-dried and weighed
(WAC1) crucible. The samples were dried in an oven at 100°C for 2 hours. It was cooled in
desiccators and reweighed (WAc2). The percent loss of weight of air-dried sample was
calculated by equation: % = (WAc2-WAc1) x100/ A

2.3.2. Total Ash Content

Air-dried and powdered plant part (weight: A) was put into a pre-dried and weighed
(Wc1l) crucible. The sample was ignited gradually in an electrical muffle in 300°C for 15 min
and after this 500°C for 15 min. The process was allowed to cool by taking a break for a while.
After dropping 1-2 drops of water, the temperature was gradually increased. When the
temperature reached 800°C by gradually increasing, it was ignited in 800°C for 30 min. It was
cooled in desiccators and reweighed (Wc2). Total ash content was calculated as in equation: %
= (Wc2 - Wecl) x 100/ A

2.4. Extraction and Preparation of Samples

After dissolution of syrup in alcohol-water mixture, it was subjected to liquid-liquid
partitioning sequentially with ethyl acetate (SEtOAc) and butanol (SBuOH). The dried and
powdered plant part was macerated with ethanol, separately with stirring for 24 h (Acl) and 48
h (Ac2). Only the half of Acl was subjected to liquid—liquid partitioning sequentially with ethyl
acetate (AclEtOAc), but the partition could not continue with butanol because of a phase
separation problem. An infusion and a decoction were prepared separately from another
portions as in its traditional use. The organic extracts were evaporated to dryness and the
aqueous extracts were lyophilized. The extracts were stored at + 4°C till further used.

2.5. Antioxidant Assay and Determination of Total Phenolic Contents

All samples were applied to the microplates by DPPH method and Folin-Ciocalteu
reagent (FCR) method, as shown in Figure 1 and Table 1.
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Figure 1. Microplate in antioxidant assay

Table 1. Application order in antioxidant assay by DPPH method

e T
Al-A3 BHT (46.3 pg/mL)  A4-A6 Decoction A7-A9 SEtOAC
B1-B3 BHT (92.5 ug/mL) B4-B6 Infusion B7-B9 SBUOH
C1-C3  BHT(187.5ug/mL) C4-C6 Acl C7-C9 Syrup
D1-D3 BHT (375 pg/mL) D4-D6 Ac2

E1-E3  BHT (750 ygmL) E4-E6  AclEtOAc
FI-F3  BHT (1.5 mg/mL)
G1-G3 BHT (3 mg/mL)

2.5.1. DPPH Radical Scavenging Activity

The DPPH (2,2-diphenyl-1-picryl-hydrazil) radical scavenging activity of all samples
were measured by the DPPH method described by Bardakci et al. [28]. 25 pL of extracts
(5mg/mL) were individually mixed with 200 pL of DPPH solution (0.1 mM) freshly prepared
in methanol. Following the incubation period in the dark at room temperature, the absorbance
was measured against the reference using a micro plate reader at 517 nm. Butylated
hydroxytoluene (BHT) was preferred as reference substance.

DPPH radical-scavenging activity was calculated as follows:
DPPH radical scavenging activity (%)= [(AbScontrol-AbSsampie)/ AbScontrol]*100
Abscontrol = the absorbance value of the control group
Abssample = the absorbance of the samples
2.5.2. Determination of Total Phenolic Contents in Extract

Total phenolic content of plant extracts was measured with slight modifications on
previously described method by Singleton and Rossi [29]. 20 pL of the extracts (5mg/mL) were
mixed with 100 pL of Folin-Ciocalteu reagent [FCR; diluted with distilled water (9:1)] in basic
medium [pH ~10; 300 pL sodium carbonate solution (20%)]. After a 30 min. incubation period
at 45 °C, absorbance was read at 765 nm. Gallic acid was used as a standard and a calibration
curve was plotted in a concentration range of 50-500 mg/L. All experiments were performed
triplicate and total phenolic content was expressed as mg of gallic acid equivalents per g of the
extract.

2.6. Antimicrobial Assay

In vitro antibacterial activities of samples were investigated against Gram positive
bacteria (Staphylococcus aureus ATCC 29213, Staphylococcus epidermidis ATCC 12228 and
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Enterococcus faecalis ATCC 29212); Gram negative bacteria (Escherichia coli ATCC 25922,
Klebsiella pneumoniae ATCC 4352 and Pseudomonas aeruginosa ATCC 27853) and also their
antifungal activities against Candida albicans ATCC 10231. Minimum inhibitory
concentrations (MICs) of compounds were determined by microbroth dilution technique as
described by the Clinical and Laboratory Standards Institute (CLSI) [30,31].

For this purpose, serial two-fold dilutions of extracts ranging from 5000 pg/mL to 9.76
ug/mL were prepared in Mueller-Hinton Broth (MHB) (Difco, Detroid, USA) for bacteria and
RPMI-1640 (Sigma) medium for yeast. The inoculums were diluted in broth media to give a
final concentration of 5 x 10° cfu/mL for bacteria and 0.5x10° to 2.5x10% cfu/mL for yeast in
the test tray. The trays were incubated at 37°C for 18-24 h. The MIC was defined as the lowest
concentration of compound giving complete inhibition of visible growth. To verify the
standardization of test procedure, Levofloxacin and Fluconazole were used as reference
antibiotics for bacteria and yeast, respectively.

3. RESULTS and DISCUSSION

3.1. Antimicrobial Assay

The results of the preliminary qualitative phytochemical analysis are summarized in Table
2. Catechic tannin, saponins and flavonoids are determined in Acer campestre L. subsp.
campestre leaves and twigs.

Table 2. The preliminary qualitative phytochemical analysis results to determine the contents of Acer
campestre L. subsp. campestre leaves and twigs

Secondary metabolites Plant sample
Bouchardat Reaction -

Alkaloids Dragendorff Reaction -
Mayer Reaction -

Anthracene analogs -

Flavonoids +
Saponins ++
Gallic tannin -
Tannins . .
Catechic tannin ++
++ = higher amount of the secondary metabolite; + = presence of the secondary metabolite; — = absence of the

secondary metabolite

3.2. Total Moisture (Loss on Drying) and Total Ash Contents

The total moisture and total ash contents of the Acer campestre L. subsp. campestre leaves
and twigs was found 7.82% and 5.31%, respectively.

3.3. Antioxidant Assay and Determination of Total Phenolic Contents

The extracts Ac2 (91.2%), Ac1EtOAc (91.1%) and Acl (88.8%) exhibited the higher
radical scavenging activity than other samples, while the decoction and infusion had moderate
activities. Beside of this, it was found that the syrup and its subextracts had more total phenolic
contents than other extracts. The images of the microplates for DPPH method and Folin-
Ciocalteu reagent (FCR) method, were shown in Figure 2 and Figure 3, respectively. The results
were shown at Table 3.
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Figure 3. Microplate image for total phenolic contents by Folin-Ciocalteu reagent (FCR) method.

Table 3. The results of DPPH antioxidant activity assays and total phenolic content of the extracts
(5mg/mL) Acer campestre L. subsp. campestre leaves and twigs.

Extracts DPPH (% scavenging)  Total phenolic content (mg of GAE per g of extract)
Decoction 67.60268 70.19

Infusion 64.39584 78.86

Acl 88.79661 12.91

AclEtOAcC 91.08663 6.72

Ac2 91.17296 6.49

Syrup 1.549973 248.7

SETOAC 2.088558 247.25

SBuUOH 2.043333 247.37

BHT 88.00 -

These values are the means of three replicates. DPPH: 2,2-diphenyl-1-picrylhydrazyl; GAE: gallic acid equivalents

3.4. Antimicrobial Assay

Among tested samples, all samples except SBUOH had an antibacterial activity against P.
aeruginosa while only SEtOAc and Ac2 showed an activity against E. coli. In addition, all
samples except SBUOH and AclEtOAc exhibited antifungal activity against C. albicans.
Especially the extract Acl and Ac2 were the most active samples against C. albicans. The
results of in vitro antimicrobial activities of all samples were shown in Table 4.
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Table 4. In vitro antimicrobial activities of samples
MIC values (ug/mL)

Extracts S.a S.e E.f E.c K.p P.a Ca
Decoction - - - - - 1250 625
Infusion - - - - - 1250 1250
Acl - - - - - 625 78
AClEtOAC - - - - - 1250 -
Ac2 - - - 1250 - 625 156
SETOAC - - - 1250 - 1250 312.5
SBuOH - - - - - - -

S.a: S.aureus ATCC 29213; S.e: S.epidermidis ATCC 12228; E.f: E.faecalis 29212; E.c: E.coli ATCC 25922; K.p:
K.pneumoniae ATCC 4352; P.a: P.aeruginosa ATCC 27853; C.a: C.albicans ATCC 10231, -: no inhibition

Reactive oxygen radicals such as superoxide anion (O2"), hydroxyl radicals (OH"), singlet
oxygen (*O) and hydrogen peroxide (H20) are known to play a major role in the development
of oxidative stress. As a result, diseases such as cardiovascular diseases, inflammation, diabetes,
degenerative diseases, cancer, anemia occur. In the literature, the relationship between
antioxidant activity and anti-inflammatory activity has been revealed by studies in which plants’
antioxidant and anti-inflammatory activities are investigated simultaneously [1-4]. As a result
of this study, it was stated that there was a high correlation between these activities, and the
plants rich in total phenolic content and flavonoids exhibited anti-inflammatory activity [1].
Oxygenated radicals are known to play a role in inflammation. In another study, antioxidant
activities of 20 plants, known with their anti-inflammatory effects, were studied and the
relationship between these activities was shown again [2]. There is a research in the literature
that there is also a correlation between antioxidant and antimicrobial activities of plants [32].
With all these in mind, the maple syrup, the ethanol extracts of ACC prepared with different
extraction method, and their subextracts were tested for their antioxidant and antimicrobial
activities and total phenolic contents. All these results were examined comparatively and the
samples with anti-inflammatory potential were evaluated. In parallel with the usage in the
treatment of inflammatory wounds in traditional medicine and the relationship between
antioxidant and anti-inflammatory activities, the expected antioxidant activity from the extracts
of the species was determined. In fact, some extracts showed higher activity then the standard
BHT, as in previous on some other Acer species. In a study on A. tegmentosum Maxim., the
70% ethanolic extract of its leaves exhibited more stronger activity than BHT even at the
concentration of 0.1 mg/mL [33]. Also, Watanabe and Devkota determined that the antioxidant
activity of 70% methanolic extract of Acer tataricum subsp. ginnala (Maxim.) Wesm. (syn. A.
ginnala Maxim.var. aidzuense Franch.) leaves (ECso: 7.0 ug/mL) had higher activity then the
standard Trolox (ECso: 12.2 ug/mL) [34]. Unlike these, the methanol extract elicited equivalent
activity (ICso:15 pg/mL) to that of standards (BHA: I1Cso:14 pug/mL; a-Tocopherol: 12 pg/mL)
in a investigation on the biological activities of A. tataricum subsp. ginnala (Maxim.) Wesm.
(syn. A. ginnala Maxim.), while the water and hexane subextracts (50.0 ug/mL and 46.3 pg/mL,
respectively) were less active than the standards [35]. Also, the alcohol extract of A. rubrum
(antioxidant capacity = 3325 + 129) showed higher activity and the alcohol extract of A.
saccharum (antioxidant capacity = 968 = 155) exhibited less activity than the commercial
standardized French maritime pine bark extract Oligopin® (antioxidant capacity = 1930 + 101)
[36]. In another study, the phenolic contents and antioxidant activities of the methanol extracts
prepared from the leaves and branches of A. campestre collected in different locations were

133



Int. J. Sec. Metabolite, Vol. 7, No. 2, (2020) pp. 126-138

evaluated comparatively. Their antioxidant activity were found more than BHT or similar to it
(IC50 values of BHT: 27.80 pug/mL; of leaves collected in Guerrouche and Ain El Kebira: 16.67
+ 4.26 pg/mL and 28.33 £+ 7.26 pg/mL, respectively) [37]. In this present study, the alcohol
extracts showed higher activity than BHT; but the ethyl acetate subextract also exhibited high
activity unlike previous studies (DPPH radical scavenging activity (%) at the concentration of
5mg/mL = Acl: 88.79661%; Ac1EtOAc: 91.08663%; Ac2: 91.17296%; BHT: 88.00%). It was
also noteworthy that despite the high phenolic content, syrup samples showed lower activity
compared to alcohol extracts. Alcohol macerates and their subextracts exhibited the highest
radical scavenging effect. Beside of this, the syrup and their subextracts were found to have the
highest phenolic content. Having parallel results in phenolic content and antioxidant activity
tests have become an expected result in the literature. Extracts with high phenolic content also
exhibit high antioxidant activity; however, this may not apply to Acer species. While the extract
of A. tegmentosum Maxim. leaves was more active than standard, its total phenolic content was
only 116.35+1.4 mg GAE/g [33]. Although alcohol extract of A. rubrum was found to be twice
times more active than Oligopin®, its total phenolic content was determined 378.6 + 1.1 mg
GAE/qg, the total phenolic content of the alcohol extract of A. saccharum with less activity was
211.7 £ 9.6 mg GAE/g [36]. In another study, the water extracts of A. rubrum bark, exhibited
approximately 2-3 times less activity than Oligopin®, had similar total phenolic contents to this
standard (extracts: 528.8 and 540.3 mg GAE/g; Oligopin®: 572.9 mg GAE/g); but the A.
saccharum water extract with the half amount of total phenolic compounds (298.6 mg GAE/Q)
showed higher effect than standard [38]. In spite of these, a correlation between antioxidant
activity and total phenolic content was determined in a study on the A. campestre by Atroune
et al. [37]. On the other hand, this correlation did not detected in this present study

Considering that the DPPH method gives information about the radical scavenging
activity of polar compounds, the fact that the extracts prepared with alcohol show very high
antioxidant activity despite their low phenolic content suggests that polar phenolic compounds
in these samples may be highly potent antioxidant agents. However, the extracts prepared with
water showed less activity than those prepared with alcohol; this means that polar phenolic
compounds only in alcohol extracts have higher antioxidant potential. Having high antioxidant
activity also brings to mind the high anti-inflammatory potential as mentioned above. However,
other antioxidant methods are needed to make a full assessment upon the low antioxidant
activity of these samples At the same time, the secondary metabolite group, tannins, saponins
and flavonoids, were found to be present in the plant in preliminary qualitative phytochemical
analysis. In other studies on Acer species, the fact that different tannin compounds are
responsible for many different activities [35,39,40]. The presence of such tannin compounds in
this species suggested that the tannins content of ACC extracts should be examined in future
studies.

Moskalenko investigated 8 Acer species [A. barbinerve Maxim. ex. Mig., A. tataricum
subsp. ginnala (Maxim.) Wesm. (syn. A. ginnala Maxim.), A. mandshuricum Maxim., A.
pictum Thunb. (syn. A. mono Maxim.), A. negundo L., A. pseudosieboldianum (Pax.) Kom., A.
Tegmentosum Maxim., A. caudatum subsp. ukurundense (Trautv. & C.A.Mey.) E.Murray (syn.
A. ukurunduense Trautv. & C.A. Mey)] for their antibacterial activity against Staphylococcus
aureus, Escherichia coli, Shigella sonnei, S. flexneri, Bacillus subtilis and Mycobacterium
smegmatis. The ethanol (70%) extracts of A. tataricum subsp. ginnala (syn. A. ginnala) had the
highest activity against all bacteria among the Acer extracts, while the ethanol extract of A.
pictum (syn. A. mono)exhibited no activity [41]. In a study on the antibacterial effect
mechanism of A. truncatum, the 50% ethanolic extract was found to be effective on S. aureus,
S. epidermidis and E. coli (MIC values are 0.5 mg/mL,0.25 mg/mL, 0.5->0.5 mg/mL,
respectively), and its ethyl acetate subextract showed an effect against all bacteria (S. aureus,
S. epidermidis, E. coli and Pseudomonas aeruginosa) with the MIC values of 0.25 mg/mL,
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0.125 mg/mL, 0.25 mg/mL and 0.25 mg/mL, respectively [42]. The methanol extract, prepared
from the stem of Acer pentapomicum Stewart ex Brandis, and its hexane, chloroform, ethyl
acetate, butanol and ageous subextracts were tested for their antibacterial effects by disc
diffusion susceptibility assay, and showed their effects dose-dependent. All samples had more
or less an activity against E. coli and Klebsiella pneumoniae. The methanol extract and its ethyl
acetate and butanol subextracts were active against S. aureus at all concentrations, while
chloroform subextract had no effect [43]. In an investigation on the inhibitory effects on
bacterial growth of the ethanolic (50%) extracts from leaves of 5 Acer species (A. platanoides,
A. campestre, A. rubrum, A. saccharum and A. truncatum), the A. campestre extract elicited a
good activity against all studied microorganisms. It had an effect against S. aureus, S.
epidermidis, Enterococcus spp., E. coli, K. pneumoniae and P. aeruginosa strains at the
concentration of 1 mg/mL, 1 mg/mL, 4 mg/mL, 4 mg/mL, 8 mg/mL and 2 mg/mL, respectively
[23]. In this present study, an activity occured only against E. coli and P. aeruginosa among
studied bacteria, but the effective concentrations were detected better than in previous study.
These antimicrobial test results were obtained as like as the antioxidant test results. Both alcohol
extracts showed high antimicrobial activity among other samples, especially against C.
albicans. The butanol subextract of syrup showed no effect against any microorganism, while
the alcohol extract obtained by 48-hour maceration and ethyl acetate subextract of syrup had an
antimicrobial effect on three microorganisms (E. coli, P. aeruginosa and C. albicans). It is
noteworthy that both alcohol extracts show higher antifungal activity (78 pg/mL and 156
pug/mL) against C. albicans than other extracts and also important that the alcohol extract
obtained by 24-hour maceration has higher activity than the alcohol extract obtained by 48-
hour maceration. In the light of this, it can be concluded that the compounds with lower or no
activity could be extracted with the exposure of alcohol for a long time. It appears that the total
phenolic content is not a criterion for antimicrobial activity. As a matter of fact, while the MIC
value of alcohol extract obtained by 24-hour maceration was the highest, its phenolic content
was quite the fewer than other extracts. It was also concluded that most of the compounds that
play a role in the activity of this extract were not phenolic compounds.

4. CONCLUSION

The knowledge on Acer campestre is quite few because of the limited investigations in
literature. Promising results have been obtained in both antioxidant and antimicrobial tests.
Similar to previous studies, parallelism was observed in both activity test results. The high
antioxidant results suggest a good potential of this species for anti-inflammatory activity. It is
interesting that the plant shows higher activity than the syrup content in the market. It is thought
that a significant contribution to the use of the plant in treatment of various inflammation
disorders, will be made when working in this direction and studying the role of tannins in
activities of the plant.
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