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known as azalea, is a flowering tree in the Ericaceae family. Herein, in vitro
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leaves were studied along with their phenolic contents using High-Performance

KEYWORDS Liquid Chromatography with a Diode-Array Detector (HPLC-DAD). Antioxidant

. activity was performed spectrophotometrically using ABTS*, DPPH-, CUPRAC,

Rhododendron ponticum,  anq g-carotene/linoleic acid assays. Acetone extract showed better antioxidant

HPLC-DAD, activity than methanol extract in all tests. The HPLC-DAD analysis revealed fifteen

Phenolic compound, phenolic compounds, of which seven were common for_ both extracts. Catechin

(25.80 and 33.08 mg/g extract, respectively) and epicatechin (31.15 and 26.54 mg/g

extract, respectively) were calculated as major phenolic components in acetone and

methanol extracts.

Antioxidant activity

1. INTRODUCTION

Medicinal plants are the richest biological source of drugs for traditional medicine systems,
modern drugs applied in clinical therapy, nutraceuticals, food supplements, folk remedies,
cosmetics, nutricosmetics, pharmaceutical intermediates, and chemical assets for synthetic
drugs. One of the essential areas in which developed countries contribute to the economy is the
bulk trade of medicinal and aromatic plants. The first and most crucial step in adding value to
natural products is the production of herbal medicine extracts using various methods, from
traditional approaches to advanced technological extraction techniques. Together with the
increasing demand for natural products that have medicinal properties for health all over the
world, manufacturers of medicinal plant extracts have started to use the most appropriate
extraction technologies to produce extracts of defined quality.
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In traditional medicines used around the world, different Rhododendron species are also
known to have applications against various inflammatory conditions and pain (Chosson et al.,
1998; Baytop, 1999; Lietal., 2000; Erdemoglu et al., 2008). Rhododendron ponticum L., which
is distributed in the northern parts of Turkiye, is a large evergreen deciduous shrub. It is a
member of the Ericaceae family. There are five Rhododendron species and four hybrids in the
Flora of Turkiye (Stevens, 1978; Sales and Milne, 2000). The sap obtained from the freshly cut
branch of R. ponticum is used in Turkish folk medicine by dripping into the tooth cavity against
toothache. In addition, after the plant's fresh leaves are dried in the fire, it is applied externally
to the affected area for the treatment of back pain or joint edema. (Yesilada et al., 1999). Oral
treatment of 2% leaf infusion of R. ponticum alleviates rheumatic pains (Baytop, 1999). It has
been reported that Rhododendron species exhibit many biological activities such as anti-
inflammatory, antidiabetic, analgesic, antimicrobial, insecticidal and antioxidant upon its plant
extracts and pure components (Oztasan et al., 2005; Erdemoglu et al., 2008; Prakash et al.,
2008; Jing et al., 2009; Silici et al., 2010; Yarlioglues et al., 2011).

It will direct our country, which is rich in medicinal and aromatic plants, to domestic
production in the world health sector by contributing to the country's economy by encouraging
the local people to grow medicinal and aromatic plants by bringing the plants whose extracts
have been identified to be usable in the health sector to a better position in the country. In many
studies, antioxidants can prevent or delay the oxidation of an oxidizable substrate in a chain
reaction. Hence, they have a significant place in preventing many diseases. Antioxidant
supplements, which have the possible potential to fight conditions linked to oxygen species by
scavenging free radicals, are such as nutraceuticals, medicinal drinks, and syrup.

The antioxidant activities of phenolic compounds are associated with several different
mechanisms, including free radical inhibition, hydrogen transfer, singlet oxygen removal, and
metal ion chelation, and they act as a substrate for radicals such as superoxide and hydroxyl. A
direct relationship was found between the phenolic content of plants and their antioxidant
capacity (Robards et al., 1999; Al-Mamary et al., 2002; Caliskan et al., 2022).

In this study, phenolic component analyses of the acetone and methanol extracts of R.
ponticum leaves were screened against 42 reference materials using the HPLC-DAD
instrument. Acetone and methanol extracts of R. ponticum leaves were also tested for
antioxidants using four complementary methods (f-carotene/linoleic acid, DPPH" scavenging,
ABTS" scavenging, CUPRAC reducing assays). The relationship between phenolic contents
and antioxidant activity between R. ponticum methanol and acetone extracts was investigated.

2. MATERIAL and METHODS
2.1. Plant Material Collection and Extraction

R. ponticum was obtained from Trabzon Akcaabat in September 2020 and compared with
herbarium samples. R. ponticum leaves were dried in the laboratory under shade. Acetone and
methanol extracts of R. ponticum were obtained using the maceration technique. Then, the
solvents were removed using a rotary evaporator under vacuum to obtain crude extracts. The
visual of R. ponticum is given in Figure 1.
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Figure 1. The visual of R. ponticum

2.2. Chemical Content
2.2.1. Determination of phenolic profiles by HPLC-DAD

2.2.1.1. Preparation samples for HPLC-DAD analysis: 8 mg extracts dissolved in 1 mL
methanol and was homogenized in an ultrasonic bath at 20°C for 5 min and filtered through
0.45 um PTFE filters.

2.2.1.2. HPLC-DAD analysis: The phenolic profile of R. ponticum leaf extracts was
screened with a modification of the method described by Tokul-Olmez et al. 2020. In this study,
methanol and acetone extracts were investigated against 42 standard compounds (fumaric acid,
gallic acid, protocatechuic acid, theobromine, theophylline, catechin, 4-hydroxy benzoic acid,
6,7-dihydroxycoumarine, methyl-1,4-benzoquinone, vanillic acid, caffeic acid, vanillin,
chlorogenic acid, p-coumaric acid, ferrulic acid, cynarin, coumarine, prophylgallate, rutin,
trans-2-hydroxycinnamic acid, ellagic acid, myricetin, fisetin, quercetin, trans-cinnamic acid,
luteoline, rosmarinic acid, kaempherol, apigenin, chrysin, 4-hydroxy resorcinol, 1,4-
dichlorobenzene, pyrocatechol, 4-hydroxybenzaldehyde, epicatechin, 2,4-
dihydroxybenzaldehyde, hesperedin, oleuropein, naringenin, hesperetin, genistein, curcumin)
using a Shimadzu high-performance liquid chromatography (Shimadzu Cooperation, Japan)
system that consists of a Shimadzu model LC-20AT. The column temperature was set at 35 °C.
The chromatographic separation was performed on a Cig (5 um, 4.6 mm x 250 mm) reverse
phase column and an Inertsil C1g guard column (Tokul-Olmez et al., 2020).

2.3. Antioxidant activity
2.3.1. Determination of the antioxidant activity with the f-carotene bleaching method

The antioxidant activity of R. ponticum leaf extracts was evaluated using a f-carotene-linoleic
acid assay (Miller, 1971). p-carotene (0.5 mg) in 1 mL of CHCI3 was added to 25 uL of linoleic
acid and 200 mg of Tween 40. As soon as CHCIz was evaporated under vacuum, distilled H20
saturated with O, was added and shaken vigorously. 160 pL of this prepared mixture was added
to 40 uL of extracts at different concentrations in a 96-well plate. After adding the emulsion to
each, the zero-time absorbance was measured at 470 nm. The mixture was incubated for two
hours at 37 °C. A blank, devoid of s-carotene, was prepared for background subtraction. BHT
and o-TOC were used as standards.
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2.3.2. DPPH' scavenging activity assay

The DPPH" scavenging activity of R. ponticum leaf extracts was determined according to Blois
(1958). Briefly, 160 mL of 0.1 mM DPPH, prepared in MeOH, was added to 40 mL of extract
solutions in MeOH at various concentrations. The absorbance of each extract was measured at
517 nm after 30 min.

2.3.3. ABTS " scavenging activity assay

ABTS™ scavenging activities assay was used to determine the analysis samples (Re et al.,
1999). In this method, the lightening of the ABTS™ solution was measured. Before using the
ABTS™ solution, it was diluted with EtOH. 160 puL of ABTS™ solution was added to 40 pL of
extract solution at different concentrations in a 96-well microplate. Then, the mixture was
incubated for 10 min at 20°C. The absorbance of extracts was measured at 734 nm.

2.3.4. Cupric reducing antioxidant capacity (CUPRAC)

The cupric-reducing antioxidant capacity of R. ponticum leaves extracts was determined
according to the method described by Apak et al. (2004). To each well, 40 uL extract in various
concentrations, aqueous solutions including 50 uL CuCl2.2H20 (10 mM), 50 uL neocuproine
(7.5 mM), and 60 uLL NHsAc buffer (1 M, pH 7.0) were added. After one hour, the absorbances
of the extracts were measured. BHT and a-TOC were used as antioxidant standards to compare
the activity results. The results were given as Ao, which corresponded to the concentration
versus 0.500 absorbance.

3. RESULTS

The HPLC-DAD results of acetone and methanol extracts of R. ponticum leaves are given in
Table 1. According to the results, 14 phenolic compounds, namely, epicatechin (31.15 pg/mL),
catechin (25.80 pg/mL), myricetin (8.02 pg/mL), pyrocatechol (5.77 pg/mL), rutin (5.49
pg/mL), theobromine (5.21 pg/mL), p-coumaric acid (4.87 pg/mL), 4-hydroxy benzaldehyde
(3.08 pg/mL), fisetin (2.48 pg/mL), taxifolin (2.29 ug/mL), theophylline (1.63 pg/mL), fumaric
acid (1.53 pg/mL), gallic acid (0.61 pg/mL), genistein (0.34 pg/mL) were elucidated in acetone
extract. Among them, the major phenolics quantified were epicatechin (31.15 pg/mL) and
catechin (25.80 pg/mL).

Table 1. Phenolic component analysis results of R. ponticum extracts with the HPLC-DAD (mg/qg).

Phenolic compound RT (min) Acetone extract Methanol extract
Fumaric acid 14.014 1.53+0.04 -
Gallic acid 15.225 0.61+0.01 0.92+0.02
Pyrocatechol 24.658 5.77+0.14 7.69+0.19
Theobromine 25.967 5.21+0.13 -
Theophylline 29.449 1.63+0.04 -
Catechin 30.274 25.80+0.64 33.08+0.82
4-hydroxy benzaldehyde 33.367 3.08+0.08 -
Epicatechin 35.278 31.15+0.78 26.54+0.66
p-coumaric acid 40.874 4.87+0.12 2.02+0.05
Taxifolin 41.200 2.29+0.06 -
Rutin 47.527 5.49+0,14 4.44+0.11
Myricetin 50.368 8.02+0.20 6.13+0.15
Fisetin 51.243 2.48+0.06 -
Genistein 57.739 0.34+0.01 -
Luteolin 57.872 - 0.24+0.01
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In methanol extract, however, eight phenolic compounds, namely, catechin (33.08 pg/mL),
epicatechin (26.54 pg/mL), pyrocatechol (7.69 pg/mL), myricetin (6.13 pg/mL), rutin (4.44
pg/mL), p-coumaric acid (2.02 pg/mL), gallic acid (0.92 pg/mL), luteolin (0.24 pug/mL) were
elucidated. Methanol extract of catechin (33.08 pg/mL) and epicatechin (26.54 pg/mL) were
also quantified as major phenolics.

The antioxidant activity results of extracts are given in Table 2. The acetone extract (I1Cso:
1.29+0.76 pg/mL) exhibited higher lipid peroxidation activity than the methanol extract. It also
demonstrated higher activity than a-Tocopherol (ICso: 4.50+£0.09 pg/mL) and BHT (ICso:
2.34+0.09 pg/mL). The methanol extract also indicated higher lipid peroxidation inhibitory
activity (ICso: 4.64+0.83 pg/mL), which is comparable with a-tocopherol and BHT.

The DPPH" scavenging activity of acetone and methanol extracts are compared with o-
Tocopherol (1Cso: 12.26+0.07 pg/mL) and BHT (I1Cso: 54.97+0.99 pg/mL) (Table 2). The
acetone extract (ICso: 10.21+0.56 pg/mL) exhibited excellent radical scavenging activity. On
the other hand, the methanol extract (ICso: 19.03+0.09 pg/mL) also demonstrated superior
activity. Similarly, the ABTS™ scavenging activity of acetone. (ICso: 2.11+0.22 pg/mL) and
methanol (ICso: 2.67+0.64 pg/mL) extracts indicated excellent cation radical scavenging
activity. In the same conditions, a-Tocopherol and BHT demonstrated4.87+0.45ug/mL and
ICs0: 2.91+0.55 pg/mL ICso values. The CUPRAC assay also provided results similar to those
of the ABTS™ and DPPH" assays. The acetone extract (Aos: 9.34+0.00 pg/mL) also exhibited
higher activity than the methanol extract (Aos: 10.28+0.01 pg/mL). Both extracts competed
with the positive standards BHT (Aos: 4.00+0.04 pg/mL) and a-Tocopherol (Ags: 25.55+£0.04
pg/mL).

Table 2. Antioxidant activity of R. ponticum extracts.
B-carotene/linoleic acid assay DPPH’ assay ABTS™"assay  CUPRAC assay

Extract I1Cs0 (Mg/mL) I1Cs0 (Mg/mL) 1Cs0 (Mg/mL) Aos (Ug/mL)
Methanol 4.64+0.83 19.03+0.09 2.67+0.64 10.28+0.01
Acetone 1.29+0.76 10.21+0.56 2.11+0.22 9.34+0.00
a-TOC” 4.50+0.09 12.26+0.07 4.87+0.45 25.5510.04
BHT" 2.34+0.09 54.97+0.99 2.91+0.55 4.00£0.04

*q-TOC: a-tocopherol and *BHT: butylated hydroxytoluene were used as standards.
* Values expressed are the mean + SEM of three parallel measurements (p<0.05).

4. DISCUSSION and CONCLUSION

In our study, the phenolic profile and antioxidant activity of the acetone and methanol extracts
of the leaves of R. ponticum collected from Trabzon Akcaabat, Turkiye were studied. Fourteen
phenolic compounds were detected in the acetone extract, while eight were in the methanol
extract. Considering the phenolic contents of both extracts, catechin and epicatechin were major
compounds. According to the antioxidant activity test results, acetone extract showed excellent
activity, which is superior to positive standards and methanol extract in all antioxidant assays.
The higher amount of phenolic compounds in acetone extract is responsible for the activity.
This study also reveals that Rhododendron ponticum contains more amount of catechin and
epicatechin. In order to make maximum use of the rich catechin and epicatechin content of R.
ponticum in the food and pharmaceutical industries, further studies are required to optimize
these compounds.
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