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Abstract: Phlomis viscosa Poiret is an evergreen shrub growing in Israel, Turkey, Lebanon, and Syria
with acknowledged pro-wound healing (WH) properties. In this study, we evaluated the pro-WH
potential of selected compounds found in this plant. Among the pro-WH compounds (identified by
us) was a combination of three chemicals—diosmin, 1-octen-3-ol, and himachala-2,4-diene which
enhanced WH significantly both in in vitro and in vivo models. The determined phytochemicals
combination could be used for the treatment of chronic wounds. The effect of the extracts, diosmin,
1-octen-3-ol on the secretion of pro-inflammatory cytokines, IL-6 (A) and IL-8 (B) by human
dermal fibroblasts was significant (p < 0.001). In addition, the beneficial effect of extracts of
P. viscosa and its phytochemicals on WH was evidenced by inhibiting the growth of several WH
delaying microorganisms.
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1. Introduction

The Judea region (Israel) is situated between the Judean Hills, with an elevation of up to 1000 m
above sea level and a rainy Mediterranean climate, and the Dead Sea, which is the lowest place on earth
with constantly warm and dry conditions [1]. These two climatic extremes are separated by a narrow
strip of only 30 km in width. This combination creates a unique encounter between the two herbal
populations, and a strong climatic gradient, resulting in highly-stressful conditions. Thus, the plants
from the Judea region have the potential to contain high quantities of various phytochemicals with
promising therapeutic properties [2–9]. As a consequence of this permanent stress, both endemic and
widely distributed representatives of Mediterranean flora growing in the area have unique chemical
contents in plants [4–9].

Many shrubs were shown to have various medicinal properties [7]. Phlomis viscosa Poiret is an
evergreen shrub, who’s areal is limited to Israel, Turkey, Lebanon, and Syria [8]. In fact, P. viscosa from
the Judea region belongs to a distinct chemotype [9]. We mentioned some compounds of P. viscosa [6].
Table 1 summarizes data on compounds identified by us. Our previous publication is devoted to
diosmin which is responsible for the anti-inflammatory and anti-diabetic properties of P. viscosa.

Chronic wounds affect 6.5 million patients in the United States alone [10]. It is widely acknowledged
that the number of chronic wounds is expected to increase worldwide due to the rise in the incidence
of age-related conditions and pathologies such as diabetes, obesity, and cardiovascular diseases [1,10].
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Unfortunately, less attention, including the phytomedical approach, is paid to this problem than to
other major age-related pathologies.

Wound healing (WH) is a complex biological process consisting of a synchronized chain of
molecular events aimed at repairing the damaged tissue and restoring its protective barrier function [11].
In general, wound repair occurs in almost all tissues after exposure to any kind of destructive stimulus.
This is particularly relevant for the skin—an organ that sustains insult and injury throughout life.

The current therapeutic agents have inadequate efficacy and many serious adverse effects in treating
wounds, as suggested by us and others [1,10,12,13]. Anti-platelet agents, aspirin, or non-steroidal
anti-inflammatory drugs are the most prescribed at the coagulation phase [14]. Glucocorticoids are
also used in many cases since they inhibit the production of hypoxia-inducible factor-1 (HIF-1) [15], but
on the other hand, they may promote wound infection [12] and have side effects on the central nervous
system [13]. Thus, they should be administered in combination with antibiotics and antiseptics. Some
chemotherapeutic drugs are widely used as they inhibit cellular metabolism, rapid cell divisions, and
angiogenesis, but on the other hand, they significantly decrease functions of the immune system and
often cause excessive bleeding at the wound site [12]. In view of the drawbacks of the current therapies,
it is very important to find new therapeutic agents that must be less toxic and more effective than
the existing drugs. From this perspective, the medicinal plants may serve as alternative means for
advancing WH with fewer side effects. With this in mind, we have examined the pro-WH activity of
P. viscosa.

While the pro-wound healing (WH) activity of P. viscosa has been reported [7], the pro-WH
properties of the Israeli chemotype and associated compounds have not been investigated so far
in- depth.

Inflammation is one of the most important responses to injury [10] characterized by the involvement
of pro-inflammatory cytokines IL-6, IL-8, and so on [7,10,16]. One of the hallmarks of inflammation is
the increased secretion of cytokines and the delay in the WH process [7,10,16]. Thus, we examined if
the tested extract/compounds may decrease the secretion of pro-inflammatory cytokines.

An additional component of the presented problem is the negative effect of certain types of
microorganisms on wound healing [10–17]. The recognition of the fact that antibiotic resistance is one
of the major threats during wound healing pushes forward the need in developing novel strategies to
overcome microbial acquired resistance towards conventional antibiotics. To the best of our knowledge,
no information exists about effective anti-microbial properties of P. viscosa.

Thus, the aim of the present study was to investigate pro-WH activities of active phytochemicals
of P. viscosa and their anti-microbial properties.

2. Experimental Section

2.1. Preparation of Plant Material

Aerial parts of P. viscosa were collected from the Hebron Hills region near Moshav Carmel
(Israel). Leaves, flowers, and stems of P. viscosa were dried by lyophilization and grounded for Gas
chromatography/mass spectrometry (GC/MS) analysis.

Ethanolic, aquatic, and methanolic extracts were prepared from leaves, stems, and flowers
of P. viscosa as described by us elsewhere [5]. Since the most effective and the least toxic were
ethanolic leave extracts, they were further studied. Plant tissues were homogenized, incubated at
room temperature for 48 h in ethanol, centrifuged at 2000 rpm for 10 min, and the supernatant was
evaporated by lyophilization. The pellet was dissolved in a minimal amount of 95% ethanol (0.5 mL)
and diluted with water to a final concentration of 10 mg/mL. The pelleted plant material was dissolved
each time, a new experiment was started to ensure freshness of the stocks.
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2.2. Identification of Plant Compounds

GC/MS analysis was used for the identification of volatile compounds as previously described
by us [6]. GS/MS, a Varian CP 3800 GS/MS analytical system was applied. Headspace injection
mode use allowed performing qualitative analysis without extracting active compounds. A modified
(data collected and updated for 5 years on the basis of the current experience) analytical library
(National Institute of Standards and Technology (NIST) standard reference database) was applied.
The probability of compound identification was estimated by comparing its spectrum with those found
in the NIST library.

Extracts were separated into different fractions using reverse-phase RP-C18 Sepack column
(Supelco, St. Louis, MO, USA) with rising methanol gradient as follows: 0%(v/v), 20%(v/v), 40%(v/v),
60 %(v/v), 80 %(v/v), and 100 %(v/v). An active compound was present in the flavonoid fraction (80%).
Identification of diosmin was performed using high-performance liquid chromatography (HPLC),
Liquid chromatography-electrospray ionization-mass spectrometry (LC-ESI-MS), and matrix-assisted
laser desorption/ionization-time-of-flight-mass spectrometry (MALDI-TOF-MS) comparing with the
standard compound. A commercial diosmin with retention times of 23.45 was compared with a
pick of flavonoid fraction, which had a similar retention time; an analytical spike test; molecule
fragments analysis confirmed the presence of diosmin. NMR results also showed that this compound
was diosmin.

2.3. Compounds

Diosmin, 1-octen-3-ol and himachala-2,4-diene, were purchased from S.L.Moran, Jerusalem, Israel.
The solvents for HPLC tests were obtained from Merck, Kenilworth, N.J., U.S.A. Diosmetin was
chemically synthesized as described previously [6].

2.4. In Vitro Wound Healing Assay

Estimation of wound healing activity was performed using Human Dermal Fibroblasts (HDF),
which were grown in Dulbecco modified Eagle medium (DMEM) containing 10% fetal calf serum,
4 mM of L-Glutamine, and antibiotics under standard conditions of 37 ◦C and 5% CO2. The toxicity
of the tested compounds was determined by the neutral red cytotoxicity test [5], observation of
morphological changes in cells. HDF cells were placed in 96-well plates, then extracted, and the tested
compounds were added 24 h after cell plating. Fibroblast culture without the addition of plant extract
or compounds was used as a control. Cells were incubated for an additional 24–72 h, after which the
medium was aspirated, and cells were washed with PBS and incubated with a neutral red solution
(0.21% in ethanol/water solution 1:100) for 2 h. After washing with PBS, cells were solubilized with
Sorenson’s buffer (30.5 mM disodium citrate, 19.4 mM HCl, 50% ethanol) for 15 min with agitation,
and the intensity of color was estimated in a plate reader at 570 nm.

After the determination of the non-toxic concentrations of the tested compounds, WH modifying
activity was estimated using the scratch assay [7]. In order to carry out the scratch assay, the Ibidi silicone
inserts were used (Ibidi, Fitchburg, WI, USA) in accordance with manufacturer recommendations.
The inserts were placed into 12-well plates. Experimental procedure included seeding HDF cells on
both sides of the inserts, the creation of similar wound gaps after removing the inserts (24 h period
incubation), and the addition of the tested compounds in non-toxic concentrations. The rate of gap
closure was estimated based on measurements of the cell-free area (mm2) as a function of time using a
Nikon ELWD microscope (Minato-ku, Tokyo, Japan). The measurements were performed at 0, 10, 20,
24, and 34 h after the addition of the tested compounds.

2.5. In Vivo Wound Healing Assay

For the in vivo wound healing assay, we used C57BL/6J male mice. The mice were 4 months old.
For each experimental group, five mice were cared for according to the guidelines set forth by the
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Ben-Gurion University of the Negev Animal Care and use Committee. Ethical animal care permission
number IL-65-11-2017 (D). Food and water were supplied ad libitum. The mice were maintained
individually during the whole experiment. The experimental design was developed according to the
existing WH associated procedure [18–20].

Briefly, the animals were anesthetized by intraperitoneal injection using a mixture of ketamine
100 mg/kg and xylazine 10 mg/kg, diluted in 100 µl of saline solution. Hair was removed from the mice
dorsum by a shaving machine. The surgical site was treated with 70% alcohol for disinfection. A marker
was used to label the spine on the skin. The skin was folded cranially and caudally at midline, according
to the label. Then the animal was laid to the lateral position and a 5 mm diameter sterile disposable
biopsy punch was used to completely remove all skin layers and create symmetrical full-thickness
excisional wounds. These wounds were divided into three equal groups. One group served as control
and no pro-WH substances were added to the inflicted wound (sham topical application of non-active
cream); while the remaining groups received a topical application of the cream, containing herbal
compounds [21]. The wounds were pictured daily, with a ruler attached. After that, the ImageJ
software was used to measure the wound area in cm2, using the ruler as a reference.

2.6. The Constituents of the Creams Were as Follows

1. Control: 10% cetyl alcohol, 7% isopropylmeristat, 21% Vaseline as cream base 1.5% span20,
1.5% tween80 as emulsifying agent, and 0.02% propylparaben as preservative. 15% volume of
active cream contained ethanol and distilled water.

2. Diosmin: 10% cetyl alcohol, 7% isopropylmeristat, 21% Vaseline as cream base 1.5% span20,
1.5% tween80 as emulsifying agent, and 0.02% propylparaben as preservative. 15% volume of
active cream contained 1 mg diosmin and distilled water.

3. Combination: 10% cetyl alcohol, 7% isopropylmeristat, 21% Vaseline as cream base 1.5% span20,
1.5% tween80 as emulsifying agent, and 0.02% propylparaben as preservative. 15% volume
of active cream contained 1 mg diosmin, 0.5 mg 1-octen-3-ol, 0.5 mg himachala-2,4-diene and
distilled water.

After the treatment, the animals were monitored until full recovery from anesthesia and returned
back to the regular cage. Dipyrone was added to their water, for pain reduction. The wounds were
pictured daily, with a ruler attached. After that, the ImageJ software was used to measure the wound
area in cm2, using the ruler as a reference.

2.7. Bacterial Cultures

Lyophilized powders of Staphylococcus aureus (ATCC 29213), Pseudomonas aeruginosa (ATCC
9027), and Escherichia coli (ATCC 25922) were obtained from ATCC collection. The bacteria were
re-cultivated using standard buffered peptone water (Acumedia™ 7365A) according to manufacturer
instructions. Then the bacteria were inoculated onto specific agar surfaces of: Harlequin™ TBGA
(LabM Cat. HAL003) for Escherichia coli, cetrimide agar (Sigma-Aldrich Cat 70887-F) for Pseudomonas
aeruginosa, and mannitol salt agar (Acumedia™ Cat.A7143) for Staphylococcus aureus. Colonies of
the bacteria were reinoculated into peptone water growing media and incubated at 35 ◦C for 24 h
in the case of Staphylococcus aureus and Escherichia coli, and 48 h in case of Pseudomonas aeruginosa.
During cultivation, the cultures were rinsed by centrifugation (6000 RPM) in iso-normal PBS and
re-suspended in PBS (5 mL for each type of the bacteria). The microbes were enumerated at specified
time points by the Heterotrophic plate counts (HPC) method with pour plate inoculation onto selective
agar media. For the experiment, the bacteria were treated with 2 concentrations of the initial extract.
The concentrated one was 2.6 mg/mL, while the diluted one was 0.1 mg/mL. Ethanol was used to
dissolve the phytochemicals: diosmin, alpha-terpinene and diosmetin; the concentration of each
compound was 5 mg/mL.
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2.8. Pro-Inflammatory Cytokines Level Measurements

Fresh stocks of the extracts and compounds were prepared before each experiment.
The concentration of the extracts and compounds was 1 mg/mL. The final ethanol concentration
was 0.1%. Senescent HDFs were treated with mentioned plant extracts or compounds for three days.
After that, the medium was collected and the concentrations of interleukin-6 (IL-6) and interleukin-8
(IL-8) were measured using ELISA kits according to the protocols of R&D Systems (Minneapolis, MN,
USA). Standard curves were generated for each plate to determine sample concentration.

Absorbance was determined using SpectraMax Paradigm multi-mode detection platform
(Molecular Devices, Sunnyvale, CA, USA), and data were analyzed using GraphPad Prism software
(version 6; GraphPad Software, La Jolla, CA, USA).

2.9. Statistical Analysis

Independent experiments were repeated three times. For the in vitro experiments, each one had
three replicates. For the in vivo experiments, each group consisted of five mice. All data were analyzed
using Statistica for Windows software (StatSoft, Inc., Tulsa, OK, USA), and p < 0.05 was chosen as
the minimal acceptable level of significance. Simple regression models were subsequently used to
eliminate non-significant effects. Values are presented as means ± SD.

3. Results

Many active phytochemicals of P. viscosa were identified by us previously [6]. The identified
compounds are summarized in Table 1.

Incubation of exponentially growing HDF cells with increasing concentrations of the crude extract
and pure compounds allowed estimating concentrations, which were acceptable for the WH scratch
assay. No cytotoxicity was observed at a concentration below 500 µg/mL for crude extract and diosmin,
while the other tested compounds were toxic for the cells at concentrations of more than 100 µg/mL.
The most toxic compound was isovaleraldehyde, which caused cell death at a concentration of 10µg/mL.
Of note, cytotoxicity of aldehydes increased with the rise in the number of conjugated double bonds.
Remarkably, the combination of diosmin at a concentration of 50 µg/mL with each compound at a
concentration of 50 µg/mL (the dose was not cytotoxic for individual compounds) caused a dramatic
increase in cell death rates. The mixture of compounds was not toxic for cells when the concentration of
diosmin was less than 100 µg/mL and the concentration of other components, except isovaleraldehyde,
was less than 20 µg/mL. Also, we have tested the effects of our solvent on the cells. The ethanol at the
used concentrations had no effect on the cells.

Table 1. Identification of major compounds of P. viscosa.

Compound Plant Organ Probability of Compound
Identification (%)

Diosmin Leaves 98.7

Quercetin 3-O-rutinoside Leaves,
flowers 96.4

Isovaleraldehyde Leaves, flowers, stems 84.0
2,4-hexadienal Leaves 83.5

2-hexenal Leaves 87.2
alpha-terpinene Leaves 86.5

1-octen-3-ol Leaves 87.3
himachala-2,4-diene Leaves, flowers 85.3

N-octanal Flowers 87.3
Bourbonene Flowers 89.2

1-propanal, 2-methyl Stems 89.4
Cubebene Leaves, flowers 87.3

The following stage of research included estimation of the pro-WH activity of every identified
compound in comparison with the whole extract. Remarkably, only diosmin significantly (p < 0.001)
accelerated gap closure at a concentration of 50 µg/mL, while other compounds did not have any
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significant effect. While diosmin had some pro-WH activity, it was less pronounced than that of the
crude extract (Figure 1a). Diosmin was tested in various combinations with other identified compounds.
Only a combination of three compounds: diosmin, 1-octen-3-ol, and himachala-2,4-diene showed
significant pro-WH effect (Figure 1a) as the difference between the control and the combination was
pronounced at the late stages of gap closure (p < 0.001). In addition, this mixture of compounds was
not toxic to cells (unpresented data). After obtaining these data, we have taken the decision to proceed
to the in vivo studies. For these studies, we have selected to use only the diosmin and the effective
combination of three compounds. The compounds and the combinations that were not effective in the
gap closure assay were not tested in mice.

The monitoring of wound closure in mice showed that the cream containing a combination of
three compounds: diosmin, 1-octen-3-ol, and himachala-2,4-diene showed the most significant pro-WH
effect (p < 0.05) on the fifth day of the experiment (Figure 1b) while on other days the effect was
less impressive.
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Figure 1. The effect of P. viscosa extract and compounds on wound healing. (a) The rate of gap closure
in cultured human dermal fibroblasts (scratch assay—in vitro model of wound healing) at 0, 10, 20,
24, and 34 h after wound generation. Control was untreated fibroblasts. Crude extract and diosmin
were added at a concentration of 50 µg/mL. The combination of tested compounds included diosmin
at a concentration of 50 µg/mL, 1-octen-3-ol at a concentration of 10 µg/mL, and himachala-2,4-diene
at a concentration of 10 µg/mL. Data from three independent experiments are shown (mean ± SD).
p < 0.001. (b) The effect of diosmin (50 µg/mL) and of the combination diosmin (50 µg/mL), 1-octen-3-ol
(10 µg/mL) and himachala-2,4-diene (10 µg/mL) on wound healing process in mice. Full-thickness
excisional wounds were lubricated daily with cream, containing diosmin or the combination, described
above. The wounds of control mice were lubricated with vehicle cream that contains all compounds
except diosmin and the combination. The figure is based on the wound area on day 5. * p < 0.05.
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The anti-microbial properties of the extract were investigated. Three different microorganisms
Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa were tested. Figure 2 demonstrates
that the extracts of P. viscosa inhibited microbial growth in all cases, but significantly only (p < 0.001)
when the concentrated extracts were used. Both diluted and concentrated extracts had significant
anti-microbial activities against Escherichia coli (Figure 2). Figure 3 shows that the best anti-microbial
properties belong to alpha-terpinene.

Plants 2019, 8, x FOR PEER REVIEW 13 of 13 

< 0.001. (b) The effect of diosmin (50 µg/mL) and of the combination diosmin (50 µg/mL), 1-octen-3-241 
ol (10 µg/mL) and himachala-2,4-diene (10 µg/mL) on wound healing process in mice. Full-thickness 242 
excisional wounds were lubricated daily with cream, containing diosmin or the combination, 243 
described above. The wounds of control mice were lubricated with vehicle cream that contains all 244 
compounds except diosmin and the combination. The figure is based on the wound area on day 5. *p 245 
< 0.05. 246 

The anti-microbial properties of the extract were investigated. Three different microorganisms 247 
Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa were tested. Figure 2 demonstrates 248 
that the extracts of P. viscosa inhibited microbial growth in all cases, but significantly only (p < 0.001) 249 
when the concentrated extracts were used. Both diluted and concentrated extracts had significant 250 
anti-microbial activities against Escherichia coli (Figure 2). Figure 3 shows that the best anti-microbial 251 
properties belong to alpha-terpinene. 252 

 253 

 254 

b 

a 

* 

* 

* 

* 

* 

* 
* 

Figure 2. Cont.



Plants 2019, 8, 609 8 of 12
Plants 2019, 8, x FOR PEER REVIEW 13 of 13 

 255 

Figure 2. Dynamics of microbial inactivation be P. viscosa extract. The concentration of the initial 256 
extract was 2.6 mg/mL, while that of the diluted one was 0.1 mg/mL. The antimicrobial activity was 257 
examined in vitro against Escherichia coli (a), Staphylococcus aureus (b), and Pseudomonas aeruginosa (c) 258 
by using the heterotrophic plate counts method. Data from three independent experiments are shown. 259 
(p < 0.001). 260 

 261 

 262 

c 

a 

b 

* 

* 

 mg/mL 

 mg/mL 

 mg/mL 

 mg/mL 

 mg/mL 

 mg/mL 

Figure 2. Dynamics of microbial inactivation be P. viscosa extract. The concentration of the initial extract
was 2.6 mg/mL, while that of the diluted one was 0.1 mg/mL. The antimicrobial activity was examined
in vitro against Escherichia coli (a), Staphylococcus aureus (b), and Pseudomonas aeruginosa (c) by using the
heterotrophic plate counts method. Data from three independent experiments are shown. (p < 0.001).
* p < 0.05.
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Figure 3. Dynamics of microbial inactivation by Diosmin, Alpha-terpinene, and Diosmetin.
The antimicrobial activity of different compounds was examined in vitro against Escherichia coli
(a), Staphylococcus aureus (b), and Pseudomonas aeruginosa (c), by using the heterotrophic plate counts
method. Data from three independent experiments are shown, (p < 0.001).

The P. viscosa extracts and its identified phytochemicals were investigated from the perspective of
chronic inflammation. As seen in Figure 4, only four items (P. viscosa extract of flowers, that of leaves,
diosmin, and 1-octen-3-ol) significantly decreased secretion of IL-6 and IL-8 cytokines by senescent
HDFs as measured by ELISA assay (p < 0.001).
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Figure 4. The anti-inflammatory effect of Phlomis viscosa extracts and compounds. The effect of Phlomis
viscosa extracts and compounds on the secretion of pro-inflammatory cytokines, IL-6 (a) and IL-8 (b) by
human dermal fibroblasts. The concentration of the extracts and compounds was 1 mg/mL. The final
ethanol concentration was 0.1%. Untreated cells were used as controls. Cells treated with 0.1% ethanol
(Control vehicle) were used to exclude the effect of ethanol on the cells. Data from three independent
experiments are shown, (p < 0.001). * p < 0.05.
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4. Discussion

We identified the presence of diosmin in the crude extract of P. viscosa [6]. Given that oral or topical
administration of micronized flavonoid fraction that included 90% of diosmin in the infected wounds
was effective in an animal model [22], it was logical to assume it as the main pro-WH component of the
extract. In fact, many studies focused on the role of diosmin in the healing of venous ulcers [23–26],
resulting in the development of the drug Daflon which is based on a purified flavonoid fraction
containing 90% diosmin [24]. In general, beneficial properties of diosmin were most pronounced in
combination with other compounds. This is evident from synergistic diosmin-based formulations
that were effective in treating venous insufficiency, hemorrhoids, lymphedema, diabetes, melanoma,
dermatitis, mastalgia, colitis, and pre-menstrual syndrome [27]. With this in mind, we have tested
various combinations of the identified compounds with diosmin. Surprisingly, the double combination
of diosmin with each tested compound did not show a strong pro-WH effect, as only the combination
of the three above-mentioned compounds was the most potent (Figure 1).

We tested the pro-inflammatory cytokines IL-6 and IL-8 expecting that the extract and some
compounds of the extract may decrease secretion of these pro-inflammatory cytokines taking into
account that namely the above-mentioned cytokines clearly reflect a delay in the WH process and
are known to be secreted by HPF [7,9,10,16]. Figure 4 demonstrates that the extracts from leaves and
flowers of the tested plant and its two compounds (diosmin and 1-octen-3-ol) significantly (p < 0.001)
decreased secretion of the pro-inflammatory cytokines.

The molecular mechanism behind WH acceleration by the identified phytochemicals combination
remains to be investigated. Taking into account complex mechanisms underlying the process of WH and
lack of information regarding the contribution of diosmin to this process, it is still unclear how exactly
diosmin participate in the WH process and how all components synergize in it. Nevertheless, it was
reported that in case of ethanol-induced hepatic injury diosmin managed to modulate inflammation
by alleviating ethanol-induced NF-κB (nuclear factor kappa-light-chain-enhancer of activated B cells)
activation and enhancing expression of TNF-α (tumor necrosis factor alpha), COX-2 (Cyclooxygenase-2)
and iNOS (inhibitor, nitric oxide synthase) [28]. 1-octen-3-ol and himachala-2,4-diene, and other
components of the combination, were never reported, to the best of our knowledge, as compounds
capable of enhancing WH. Only anti-inflammatory activity of edible mushroom containing 1-octen-3-ol
was mentioned [29]. Interestingly, our report on the anti-inflammatory activity of 1-octen-3-ol, that is
decrease in the secretion of IL-6 and IL-8, is in agreement with the results obtained by Chen et al. [29].

An additional challenge to successful WH resolution is the contamination of the wounds with
certain types of microorganisms: the most widespread of which are Escherichia coli, Staphylococcus
aureus, and Pseudomonas aeruginosa [16]. The compounds involved in the anti-microbial action of
the tested extract are alpha-terpinene and diosmin (Figure 3). To the best of our knowledge, the
anti-microbial properties of these compounds were never mentioned. Bacterial quorum sensing is a
form of regulatory, cell-to-cell communication and associated with many bacterial properties including
genetic competence, bacterial colonization, biofilm formation, virulence and so on, which makes
many bacterial phenotypes more dangerous [30]. This phenomenon primarily affects chronic wounds
containing bacterial biofilms. It was demonstrated that 60% of chronic wounds had bacterial biofilms,
as opposed to only 8% of acute wounds [31]. Further studies are necessary in order to determine the
mechanism of bacterial biofilms’ influence on WH and to identify bioactive compounds capable of
disrupting biofilms, produced by infectious bacteria. The role of quorum sensing in delayed healing of
different wounds remains to be elucidated. Thus, studies on medicinal plants with identified quorum
sensing inhibitory activity are required.

Previously, we demonstrated the anti-inflammatory effects of Diosmin as well as enhancing the
effects of Diosmin on glucose uptake of the adipocytes [6]. Given the deep links between complex
poly-genetic human diseases, especially those with age component [32,33], plant materials are already
known to be effective against at least one of these diseases are more likely to be active against the
others. This could be clearly seen from the properties of diosmin.
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Collectively, our results suggest a mechanistic basis for the potential use of the identified
plant phytochemicals combination in the treatment of chronic wounds. Finally, the elucidation
of the mechanisms of action of the tested compounds might aid in improving the design of new
pro-WH drugs.
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