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ABSTRACT

Objective: This study aimed to investigate the in vitro wound healing, anti-inflammatory, antimicrobial
and antioxidant activity of Phlomis pungens Willd. extract derived from the aerial parts.
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Material and Method: The phytochemical analysis was performed using GC-MS in order to identify the
volatile components of the bioactive Hex extract. The wound healing activity of P. pungens extract was
evaluated based on in vitro antimicrobial, antioxidant, anti-inflammatory, and, scratch activity was studied. In
addition, the in vitro cytotoxicity of the extract was also evaluated.

Result and Discussion: P. pungens methanol extract depicted a 5-LOX inhibitory activity at 78.2ug/mL
(ICsp), while the antioxidant activity by DPPH radical provided an I1Csp=2.41mg/mL, and the ABTS radical
showed 1Csp=3.32mg/mL, respectively. The extract showed dose-dependently anti-inflammatory activity while
L-NAME and P. pungens methanol extract significantly decreased LPS stimulated PGE; production. According
to the scratch assay results, all treatments led to an increase in cell migration rate with a dose-dependent effect.
Our findings suggested that P. pungens methanol extract may have a role in wound healing according to the
scratch test, and it is thought that its antioxidant and anti-inflammatory activity also contributed. Further
evaluations are ongoing to confirm the in vitro activity under in vivo conditions.

Keywords: Cell culture, fibroblast, inflammation, Lamiaceae, macrophage
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Amag: Bu calismada, Phlomis pungens Willd. toprakiistii kisimlarindan elde edilen ekstrelerin in vitro
yara iyilesmesi, antiinflamatuar, antimikrobiyal ve antioksidan aktivitesinin arastirilmast amaglanmistir.

Gerec ve Yontem: Biyoaktif hekzan ekstresinin u¢ucu bilesenlerini belirlemek icin fitokimyasal analiz
GC-MS kullanilarak yapilmistir. P. pungens ekstresinin yara iyilestirme aktivitesi, in vitro antimikrobiyal,
antioksidan, antiinflamatuar etkinlikleri degerlendirilmis ve ek olarak ekstrenin in vitro sitotoksisitesi de
degerlendirilmigtir.

Sonu¢ ve Tartisma: P. pungens metanol ekstresi, 78,2 ug/mL'de (ICso) 5-LOX inhibe edici aktivite
gosterirken, DPPH ydntemi ile antioksidan aktivitesi 1Csp=2.41mg/mL ve ABTS 1Cs0=3.32 mg/mL olarak
bulunmustur. Ekstre, doza bagh olarak anti-inflamatuar aktivite gosterirken, L-NAME ve P. pungens metanol
ekstresi, LPS ile uyarilan PGEiiretimini onemli ol¢giide azaltmigtir. Strach metodu sonug¢larina gére doza baglt
etki ile hiicre go¢ hizinda bir artis gézlemlenmistir. Bulgularimiz, starch testine gore P. pungens metanol
ekstresinin yara iyilesmesinde rol oynayabilecegini ve antioksidan ve antiinflamatuar aktivitesinin de katkida
bulundugu diisiindiirmiistiir. In vivo kosullar altinda in vitro aktiviteyi dogrulamak icin baska degerlendirmeler

devam etmektedir.
Anahtar kelimeler: Enflamasyon, fibroblast, hiicre kiiltiirii, Lamiaceae, makrofaj

INTRODUCTION

The Phlomis species with their preparations are known as wounds healing agents according to
folk medicine information [1]. Furthermore, previous studies revealed that Phlomis pungens Willd.
which belongs to Lamiaceae family possess a wide spectrum of pharmacological activities [2-3].

As it is well known, generally, wound repairing is progressed through four overlapping stages:
hemostasis, inflammation, proliferation, and maturation [1,2]. Inflammation is a complex biological
response of body tissues to harmful stimuli, such as pathogens, damaged cells, free radicals, or irritants
[3,4]. Prolonged inflammation, known as chronic inflammation leads to simultaneous destruction and
healing of the tissue derived from the inflammatory process [3] while and increased oxidative stress can
hamper further the wound process. Treatments with natural products such as plant extracts can accelerate
the wound healing process, given that they can eliminate microbial contamination and wound
inflammation, due to their favorable properties [5].

The objective of the present study was to assess and demonstrate the pharmacological activities
of P. pungens (PP) extract focusing on its wound healing properties. Anti-inflammatory activity was

assessed by in vitro methods; lipoxygenase enzyme inhibition and lipopolysaccharide-induced
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Prostaglandin E2 and nitrite levels in RAW 264.7 cells. The wound healing activity of PP was also
assessed by in vitro scratch assay.

MATERIAL AND METHOD

Extract Preparation

The aerial parts of Phlomis pungens Wild. (PP) were manually harvested at 2016 from Arguvan
region (Malatya, Turkey). Faculty of Pharmacy Herbarium (Istanbul University) was contained the
voucher specimen (ISTE 115025) for aerial parts. The dried-samples of PP were extracted by maceration
with methanol, followed by a liquid-liquid fractionation using n-hexane (Hex), dichloromethane
(CH.CI), and ethyl acetate (EtOAC), respectively.

Phytochemical Analyses

GC/MS analysis of PP Hex extract was carried out with an Agilent 5975 GC-MSD system.
Innowax FSC was used with helium as carrier gas. The GC analysis was performed with an Agilent
6890N GC system. Relative percentage amounts of the separated compounds were calculated from FID
chromatograms as mentioned previous studies [6].

Identification of the essential oil components was carried out by comparison of their relative
retention times with those of authentic samples or by comparison of their relative retention index (RRI)
to a series of n-alkanes. The components of essential oils were identified by comparison of their mass
spectra with those in the Baser Library of Essential Oil Constituents, Wiley GC/MS Library, MassFinder
Library [6].

In vitro Antioxidant Assays

DPPH Radical Scavenging Assay
Antioxidant capacity of PP methanol extract was examined with DPPH (2, 2-diphenyl-1-
picrylhydrazyl) [7]. Optical density was measured spectrophotometrically at 517 nm. The analysis was

compared with ascorbic acid as standard reference, according to our previous work [8].

ABTS Radical Scavenging Assay

The antioxidant effect of the extracts were detected using ABTS (2, 2-azino-bis-3 ethyl
benzathiazoline-6-sulphonic acid) radical radical cations decolourisation assay according to protocol of
Re et al. [9]. Assays were conducted comparatively using standard reference substances such Trolox, as

per in our previous work [8].
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Total Phenolic Content
The total phenolic content of PP methanol extract was determined using the Folin-Ciocalteu
method. The optical density was read at 765 nm. A calibration curve (R?= 0.9816) was used to determine

the total phenolics compounds [10].

Antimicrobial Studies

The antimicrobial properties of PP methanol extract was found out using the broth microdilution
test that was conducted to the method of Clinical and Laboratory Standards Institute. Pseudomonas
aeruginosa ATCC 10145, Staphylococcus epidermidis ATCC 14990, Staphylococcus aureus ATCC
6538, Escherichia coli NRLL B-3008, and Candida albicans ATCC 64548 strains were investigated in
this work. Mueller Hinton Broth was used for antibacterial assays whilst RPMI broth was used for

antifungal assay.

Lipoxygenase (LOX) Inhibition Assay

A modified spectrophotometric method which was formed by Baylac and Recine, was used to
determine the 5-lipoxygenase (5-LOX) inhibition potential of the PP methanol, EtOAc, CH.Cl; and Hex
extracts [11]. Herein, a nordihydroguaiaretic acid (NDGA), a known inhibitor of soybean lipoxygenase,

was used as a reference standard drug.

Cytotoxicity

Cell Culture

The L929 mouse fibroblast and RAW 264.7 murine macrophage cell lines were cultured in
DMEM (10% FBS, v/v) and supplemented with 1% (v/v) penicillin—streptomycin. Cells were incubated
at 37°C and 5% CO, and were passaged out every 2—3 days.

Cytotoxicity by MTT Assay

MTT [3-[4.5-dimethylazol-2-yl]-2.5-diphenyl-tetrazolium bromide] assay was performed to
assess the cytotoxicity profile of PP on RAW?264.7 and L929. Concisely, RAW264.7 and L929 cells
were plated and incubated in a 5% CO; atmosphere at 37°C for 24h to form a confluent layer. Cells were
treated with various concentrations (0.125-1 mg/mL) of PP freshly diluted with cell culture medium.
After 1 day incubation 0.5 mg/mL MTT was applied to per well and continued with 2h incubation at
37°C. A UV-spectrophotometric plate reader was used to measure the absorbance of the blue formazan
at 570 nm. (Thermo, Finland) [12].

Anti-inflammatory Activity
Griess assay was used to detect the anti-inflammatory potential of PP methanol extract on RAW
264.7 cell through stabile metabolite of NO, nitrite level [12]. After 24h incubation, RAW 264.7 cells
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were pre-treated with various concentrations of PP for 2h followed by stimulation for 22h with 1 mg/mL
lipopolysaccharide (LPS extracted from E. coli 0111:B4) at 37°C in an incubator with 5% COsx.

Nitrate level was estimated in cell supernatants using Griess reagents in each well of a 96-well
plate. Absorbance was measured at a wavelength of 540 nm in a microplate reader (Multiskan Ascent,
Finland). NO production was measured as the concentration of nitrite by comparing against a standard
curve generated using NaNO. 0.1 mg/mL L-NAME (L-NG-Nitro arginine methyl ester), a non-
selective nitric oxide synthase inhibitor, was served as a control.

Anti-inflammatory activity of PP methanol extract was also supported with Prostaglandin E;
The anti-inflammatory effect of the PP methanol extract was also verified using the Prostaglandin E»
ELISA Kit (Abcam, UK) and 100 uL of cell supernatants treated with LPS and compounds, as instructed

by the manufacturer.

In Vitro Wound Healing Activity by Scratch Assay

The wound healing properties of the PP extract were assessed by scratch assay in vitro by
assessing the migration rate of the L929 mice fibroblast cell line within 24h. Briefly, cells were seeded
in 24-well cell culture plate. After the cells had nearly formed a confluent cell monolayer, a linear wound
was generated in the monolayer using a sterile 100 xL plastic pipette tip. Any cellular debris was
removed by washing the wells with phosphate buffer saline (PBS).

Different concentrations (0.125-0.5 mg/mL) of PP extracts were administered to each scratched
well and incubated at 37°C and 5% CO; in humidified atmosphere.

Directly after generating the scratch (Oh) and after 8, and 24 h (end point time) microscopic

images of the same area of the respective scratch were taken (AxioCam, Germany).

Statistical Analysis
Statistical analyses were evaluated with GraphPad Prism 7.0 program (California, USA). Values
for p<0.05 were considered statistically significant. T-test was used to compare the significant

differences between groups.

RESULT AND DISCUSSION

Hex extract yield (17.9 g; 41.7%) was highest over total methanol extract (43 g). The yields of
EtOAc and CHCI; extracts were 16.5% and 3.7%, respectively. The Hex fraction of Phlomis pungens
Willd. (PP) was examined by GC-MS and hexadecanoic acid (38.7%) was determined as a major
constituent. Other compounds found in the extract were benzophenone (19.3%), methyl decanoate

(15.6%), and methyl pentadecanoate (13.6%), respectively.
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In further, the PP methanol extract displayed moderate in vitro antioxidant capacity compared to
Trolox (0.015 mg/mL) and ascorbic acid (0.002 mg/mL), against ABTS (ICs,=2.32 mg/mL) and DPPH
(1Cs0=1.41 mg/mL) free radicals. The entire phenolic constituents of PP methanol extract was 2967 mg
of gallic acid/100g extract.

Moreover, the antimicrobial activity of the different extracts of PP was against tested
microorganisms. Table 1 shows the antimicrobial activity of PP extracts, and the reference compounds
versus the tested microorganisms. The PP methanol and Hex extracts showed antifungal activity against
the C. albicans (250 pg/mL). C. albicans was more responsive to the PP, while the tested bacteria were
resistant.

ICs values of lipoxygenase inhibitory activities of methanol, EtOAc, CH2Cl; and Hex extracts of
PP were 27+2.8, 77.4%1.5, 32+0.7, 26.1+1.2 ug/mL, respectively as compared to NDGA (3.2+0.9
ug/mL).

The cytotoxic effects of the PP methanol extract on L929 and RAW264.7 cell lines were
demonstrated in Figure 1 as cell viability % compared to control. According to MTT results PP did not
exhibit cytotoxicity on L929 and RAW264.7 cell lines at concentrations between 0.125-1 mg/mL (Fig.
1A). Furthermore, a notable increased proliferation of RAW264.7 cells was observed with PP in a dose
dependent manner (Fig. 1B).

In vitro anti-inflammatory capacity of PP was assessed with nitrite level and several
concentrations (between 0.125-1 mg/mL) of the extract were tested based on MTT results which showed
no cytotoxicity for these doses. As seen in Figure 2, PP showed dose-dependently anti-inflammatory
activity. In addition, 0.25, 0.5 and 1 mg/mL concentrations of the extract have showed a significant
reduction in LPS-induced nitrite production in RAW 264.7 cells. Moreover, nitrite inhibition % of
related concentrations were found as 18.68%, 21.33%, and 40.16 % compared to LPS, respectively. The
analgesic activity of nitrite reducing doses of PP (0.25-1 mg/mL) was determined by the PGE; level. As
seen in Figure 3, L-NAME (0.1 mg/mL) and PP (0.25-1 mg/mL) significantly decreased LPS stimulated
PGE; production. The highest PGE; inhibition was seen with 0.125 mg/mL of the extract (p<0.05).

The wound healing properties of the PP were assessed through in vitro scratch assay. The cell
proliferation and migration rate of groups were recorded at time 0, 8, and 24 h. In Figure 4, microscopical
scratch images of groups treated with different concentrations of PP extract at time 0, 8, and 24 h were
given. According to the results, all treatments have led to an increase in cell migration rate in a dose-
dependent manner in comparison to the control. In Figure 5, the relative wound healing activity of each
group was given. As it was expected, the ration of in vitro wound healing is interestingly high since

wound healing was analogous with the dose of the extract and above 90%.
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Table 1. Minimum inhibitory concentration (MIC) of antimicrobial activity in various extracts of P.

pungens (ug/mL)
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Figure 1. Cytotoxicity profile of PP on L929 (A) and RAW264.7 (B) cell lines by MTT assay
Data were expressed as mean = SD compared to control. (A) Statistically significant difference; "p<0.05, "p<0.01, **p<0.001
vs. control (B) All groups except Ctrl were treated with LPS. Statistically significant difference: “p<0.05, *p<0.01 vs. LPS and
the significant difference between Ctrl and LPS were defined with #p<0.05. Ctrl: Group treated with DMEM; L-NAME: L-NC®-

Nitro arginine methyl ester (0.1 mg/mL); PC: 20% (v/v) DMSO.
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Figure 2. Inhibition of nitrite production by PP in LPS-induced RAW264.7 cells

*p<0.05, *p<0.01; significant difference from LPS and the significant difference between Ctrl and LPS were defined with

#p<0.01. Data were expressed as mean + SD compared to LPS. Ctrl: Group treated with DMEM; L-NAME: L-N©®-Nitro arginine

methyl ester (0.1 mg/mL).



18  Okuretal. J. Fac. Pharm. Ankara, 46(1): 11-22, 2022

2500 - PGE;, Level
___ 2000 2
E o > * Fox
=, 1500- *
=
ul' 1000 -
o
o.
500 -
0 n L] n ] L] ]
S > > < ~ <
(< X v ° S
S

P. pungens extract
(mg/ml)

Figure 3. Inhibition of LPS-induced PGE2 production by PP

*p<0.05, **p<0.01; significant difference from LPS and the significant difference between Ctrl and LPS were defined with
#p<0.001. The outcomes were illustrated as mean + SD compared to LPS. Ctrl: Group treated with DMEM; L-NAME: L-NG-
Nitro arginine methyl ester (0.1 mg/mL).

The present study revealed the antimicrobial, antioxidant, anti-inflammatory and wound healing
activity of Phlomis pungens Willd. (PP) methanol extract.

GC-MS analysis proved the presence of hexadecanoic acid, which is a saturatted fatty acid known
for various pharmacological activities, such as anti-inflammatory [13] by downregulating pro-
inflammatory cytokines. Hence, hexadecanoic acid can be considered as the major component
responsible for anti-inflammatory activity of PP as it was quoted from previous studies [14]. However,
although, in the past works, the antioxidant activity evaluation was performed with PP methanol extract,
the derived results in this study differed from the previous one [15,16]. Consequently, it can be said that
the parameters such as flora and time of harvest where the plant grows can change the secondary
metabolites of the plant and therefore its activity.

The antimicrobial studies reveal that the PP did not show any remarkable antibacterial effect but
depicted an interesting antifungal property. C. albicans have been found in surgical wounds which are
prone to become chronical; considerably, the extract can be also applied for fungi contaminated wounds.

It is well known that lipid mediators originated by 5-LOX metabolism can activate both pro- and
anti-inflammatory pathways. However, their role during wound healing has not fully understand but
seems to be important in wound healing [17]. Several experiments have shown that the absence of 5-
lipoxygenase triggers rapid dermal wound closing. [17,18]. In this work, the methanol and Hex extracts
showed moderate inhibitory activity to 5-LOX which however is in the acceptable limits.

Cell viability which can be evaluated by MTT assay is among the most important studies for
wound healing applications. It is well reported that wound systems which are toxic to microbial cells
could potentially be toxic to the skin cells. This cytotoxicity could affect the cells in various pathways
such as stopping their growth, divide and inducing their necrosis due to cell lysis. Considerably, these

facts can reduce the viability, proliferation, and mobility of the cells and further delay the wound healing
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activity [19]. As it was expected, the developed extract did not depict any signs of cytotoxicity which is
very promising.

The raised level of PGE: is a sign of progression of inflammation in several cell types and variant
inflammatory disorders. Furthermore, decreased level of PGs in fetal skin tissue might display a less
severe inflammatory response, which results in little scar formation after wound healing [20]. In this
study, PP presented dose-dependently anti-inflammatory activity which is very important for wound
healing applications. Finally, the inhibition of prostaglandin production has been associated with
reduced pain; hence, herein the PP showed inhibition of LPS-induced PGE; production which can

potentially leads to reduced pain and improved anti-inflammatory activity.

0.250 mg/ml 0.500 mg/ml

24h i . : : :
Figure 4. Microscopical figures of in vitro wound healing activity of P. pungens extract on L929 cell
line
Scratches formed and images were taken with a microscope at 10 magnification at 0, 8, and 24 h. Ctrl: Control group treated
with medium.

Fibroblasts perform a crucial function by proliferating, spreading to the lesion site, and
stimulating the formation of new extracellular matrix in the initial stages of wound healing [21].
Therefore, fibroblast cell lines such as L929 have been widely employed to assess wound healing
activity in vitro [22]. The initial steps of wound healing are activation, proliferation, and migration of
fibroblasts during which multiple cell types and other micro environmental factors seems to be involved.
Scratch assay has been widely applied to study in vitro the wound healing applicability of naturally
derived plants; it was found that wound contraction was desirable when the extract applied to L929

fibroblast cell lines.
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Figure 5. Wound healing effect of P. pungens extract on L929 cell
Relative wound healing according to the closed gap between scratch margins within 24 h for each group. Ctrl: Control group
treated with medium.

Present investigations concluded that PP demonstrated in vitro antimicrobial, anti-inflammatory,
and antioxidant properties. According to our results, it could be suggested that PP contributes greatly to
in vitro wound healing process owing to its antioxidant and anti-inflammatory activity. Due to the wound
repairing (in vitro) behavior of the P. pungens extract further investigation on animal models or humans
could assure the possible application of the extract for wound healing. PP extract may have a role in
wound healing with the scratch test, and it is thought that its antioxidant and anti-inflammatory activity
also contributes to this effect. It is thought that this study related to the effects of PP extract will lead to

new studies.
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