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Abstract

Objectives: The purpose of this study was to obtain a
natural antibiotic from Phenol-rich compounds; for
the dressing and the treatment of chronic wounds.

Methods: The Phenol-rich compound sweet gel was
prepared by blending four natural herbal extracts, Aca-
cia catechu (L.E), Momia (Shilajit), Castanea sativa,
and Ephedra sinica stapf, with combination of a sweet
gel medium, including honey, maple saps, Phoenix
dactylifera L. (date), pomegranate extract and Aza-
dirachta indica gum as a stabilizer. The combinations
were screened by using a well-diffusion assay with
cloxacillin as a control. Pseudomonas spp. was tested
with our novel antimicrobial compound. The zones of
inhibition in agar culture were measured for each in-
dividual component and for the compound, and the
results were compared with those of the control group
which had been treated with cloxacillin. Data were ex-
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pressed as means + standard deviations. Quantitative
analyses were performed using the paired ¢-test.

Results: The antibiotic effect of the Phenol-rich com-
pound sweet gel was statistically shown to be more sig-
nificant than that of cloxacillin against Pseudomonas
aeruginosa (P < 0.05).

Conclusion: Our novel approach to fighting the antibi-
otic resistance of Pseudomonas proved to be success-
ful. The Phenol-rich compound sweet gel was found to
be suitable for use as an alternative medicine and bio-
active dressing material, for the treatment of patients
with various types of wounds, including burns, venous
leg ulcers, ulcers of various etiologies, leg ulcers on the
feet of diabetic, unhealed graft sampling sites, abscess-
es, boils, surgical wounds, necrotic process, post-op-
erative and neonatal wound infection, and should be
considered as an alternative to the usual methods of
cure.

1. Introduction

Pseudomonas aeruginosa (P. aeruginosa) is an aero-
bic gram-negative bacterium; that is ubiquitous, exist
in aqueous habitats, and take advantage of humid en-
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vironments. It is also saprophytic and naturally resistant to
antibiotics (beta-lactams, hydrophilic), and may become
an opportunistic pathogen responsible for serious infec-
tions when favorable circumstances exist. Because it is
environmentally present in soils, plants (including fruits
and vegetables), aqueous habitats and humid environ-
ments [1], It has an ability to acquire resistance to antibi-
otics, and has multiplicity of virulence factors (diffusible
or constituent) that baffle the host’s defenses and allow
the development of infections in susceptible patients,
such as malnourished patients; burn victims, trauma pa-
tients, patients suffering from diabetes, cystic fibrosis,
cancer, human immunodeficiency virus (HIV), and blood
disorders, patients undergoing mechanical ventilation or
long-term corticosteroid therapy; patients in whom carrier
surveyed peripheral and central catheters are being used
[2]. P. aeruginosa infections are most often acquired in a
hospital, but are sometimes community acquired; Factors
limiting P. aeruginosa proliferation on the skin are dry-
ness of the skin’s surface and normal flora (Gram + Cocci).
The bacterium P. aeruginosa can grow or become perma-
nent on the skin in case of the traumatic rupture of the
skin barrier; chronic wounds such as leg ulcers, extensive
burns, diabetes include ulcers, oozing dermatitis, and wet
or macerated lesions the disappearance of Gram + Cocci
normal flora caused by the use of systemic or topical an-
timicrobials.

The first signs of infection of a chronic wound or ulcer are
the production of greenish pus and the appearance of a
characteristic aromatic odor. The appearance of the ulcer
or wound becomes inflammatory or necrotic. These are ve-
sicular or bullous lesions with a content of serum are hem-
orrhagic based on an erythematous and edematous base
and can initially have the clinical appearance of multiform
erythema. These lesions can change very quickly in a few
days to ulceration, and they then take the appearance of a
so-called ecthyma gangrenosum [3-6]. One can also have
abscesses or single or multiple subcutaneous nodules that
can change very quickly to necrosis and ulceration.

Biofilm formation seems to facilitate the survival of P.
aeruginosa in the environment and in their hosts. Bacteri-
al biofilms are structured masses of bacterial cells coated
with a hydrated polymeric matrix of their own synthesis.
The biofilm protects the bacteria and allows them to sur-
vive in hostile environmental conditions. The biofilm bac-
teria can withstand the immune response of the host and
are much more resistant to antibiotics and disinfectants
than planktonic bacterial cells. The ability to form a bio-
film is now recognized as a characteristic of many micro-
organisms [7-9]. The presence of biofilms during infections
therefore requires new methods of prevention, diagnosis
and treatment. The existence of biofilms and antibiot-
ic resistance has emerged as one of the greatest threats
to global health and, brings an additional level of com-
plexity to the control of chronic ulcers. The “black beast”
of burn centers, Pseudomonas, is responsible for 10% of
bloodstream infections and 28% of deaths. Therefore, al-
ternative antimicrobial strategies are urgently needed, and
this situation has led to a re-evaluation of the therapeutic
use of ancient remedies, such as herbal extracts and herb-
al-based products.

The medicinal properties of plants are due to its chem-
icals. Plants synthesize many compounds called primary
metabolites that are essential to their existence. These in-
clude proteins, lipids and carbohydrates that are used for
subsistence and reproduction; in not only the plant itself
but also the animals that feed on them. In addition, plants
synthesize an extraordinary range of other compounds,
called secondary metabolites, whose functions are far
from being unanimously accepted. Many secondary me-
tabolites can be broadly considered to be “antibiotics” as
they protect plants against fungi, bacteria, animals and
even other plants. Secondary metabolites include two
types of compounds: phenol and flavonoids compounds.

Phenol compound are involved in plant-plant interac-
tions (allelopathy, and inhibitions of both germination
and growth). These compounds include lignin, flavo-
noids, phenylpropanoids, anthocyanins and “nitrogen
compounds including alkaloids and glycosides. Recently,
Phenol compounds have drawn much attention due to
their antioxidants properties and their potential beneficial
implications for human health, such as the treatment and
the prevention of cancer, cardiovascular disease and other
inflammatory diseases.

Polyphenol are composed of various phenol compounds
such as phenolic acid, catechins, flavonoids, and tannins.

Phenols, which are aromatic organic compounds, are
present in many plants. They usually have antiseptic, anti-
bacterial actions. The simplest is phenol (an antimicrobial)
present in thyme oil. The phenolic acids have antioxidant
and protective effects against cardiovascular disease and
cancer. Other phenols have analgesics, anti-inflammatory,
cholesterol-lowering, hypotensive, anticoagulant, anti-al-
lergenic, hypotensive, and hepato-protective effects [10].

Flavonoids are pigments giving color to flowers and are
present in some leaves. These substances can be yellow
(origin of the word Flav), red, blue or purple. The main
properties of flavonoids are their veinotonic, protective
(vessels), anti-cholesterol or antioxidants effects [11, 12].

Tannins are phenol compounds that precipitate proteins.
These complex compounds may be soluble in water or
alcohol, are the flavonoid family. Tannins are widely dis-
tributed in the plant kingdom. They are common both in
gymnosperms and angiosperms. Within angiosperms,
tannins are more common in dicotyledons than they are in
monocotyledons. Tannins can be found mainly in the cor-
tex, roots, fruits and leaves. They have especially astringent
properties. Tannins are mainly used externally, particular-
ly to treat patients with injuries, wounds or hemorrhoids.
Internally they are also used to treat patients with diarrhea
and gastroenteritis. Tannins also exhibit antioxidant and
antibacterial properties [13]. Catechin is a molecule of the
flavonoid family; the name comes from the fact that this
molecular compounds found in the fruits of Acacia cate-
chu. Catechins are astringent juices from various sourc-
es and involve decoction of the fruit of Areca catechu L.
(Palms), and the wood of the Acacia catechu. Catechins
are present in significant quantities in green tea. The fer-
mentation of the leaves being stopped soon after harvest,
they are barely oxidized, which is the reason that green tea
retains most of its original catechins , which gives them
their slightly bitter and astringent taste. Green tea con-
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tains flavonoids 70% of which are catechins. Interesting
amounts of catechins also exist in chocolate, red wine, ap-
ples and grapes. Five catechins molecules are: catechins,
epicatechin, epigallocatechin, epicatechin gallate and
epigallocatechin gallate molecules. The latter is the most
abundant and most active of all the catechins. According
to numerous studies, catechins have, in addition to their
antioxidant properties, a protective role in the prevention
of certain chronic diseases such as diabetes and osteopo-
rosis [14].

Several studies that have been conducted in recent years
have manifested the antibiotic activities of some phenol
compounds in natural plants extracts, including Acacia
catechu (L.E) Willd, Castanea sativa, Momia (Shilajit) and
Ephedra sinica stapf[15]. Honey, maple saps, Phoenix dac-
tylifera L. (dates) extract and pomegranate which are well
known for their high levels of antioxidants and polyphe-
nols have also shown promise as novel antimicrobial
agents. Phenol compounds have recently attracted much
interest due to their antioxidants properties and their po-
tential beneficial implications for human health, such as
their use in the treatment and the prevention of cancer,
cardiovascular diseases and inflammatory diseases.

The effectiveness of these above substances; has been
demonstrated in several studies [16-19]. However, no
effort has been made to evaluate the synergic effects of
combined natural sweeteners on enhancing the antibiot-
ic activities of natural plants extracts. The topical formu-
lations that on certain vitamins and nutrients, are rich in
phenol compounds, and are applied directly to wounds
are more effective for reducing the risk of infection and for
stimulating healing. Meanwhile, phenol-rich compounds;
provides a number of essential minerals such as zinc, po-
tassium, iron, magnesium and calcium (Table 1). In order
to obtain a natural antibiotic for the dressing and the treat-
ment of chronic wounds, we conducted this study to find

an innovative strategy for using natural medicine derived
from phenol-rich compounds that have been tested on
bacterial strains of a reference such P. aeruginosa.

2. Materials and Methods

This research was conducted through 2015 at the labo-
ratories of Dubai Pharmacy College United Arab Emirates
(UAE). The processing of the plants performed in this study
was the same as the traditional method used by the peo-
ple in the Iranian Bakhtiari tribe, as mentioned in Ref [15].
The phenol-rich compound sweet gel was prepared by
blending four natural herbal extract Acacia catechu (L.E)
Willd, Castanea sativa, Ephedra sinica stapf, and momia
in to combination of sweet gel medium, including honey,
maple saps, date syrup, pomegranate extract and Aza-
dirachta indica gum as a stabilizer. The combinations were
screened by using a well-diffusion assay with cloxacillin as
a control. Suspension assays were used to determine the
antimicrobial activities of the medium gel alone and of the
medium gel in combination with the four natural herbal
extract. The test organism was P. aeruginosa.

In this study, eight plant species were used as shown in
table 2 and 3. The ingredients of the sweet gel compound
are presented in Table 4, Bacterial strains and growth
conditions. A bacterial strain used in this study was Pseu-
domonas spp. The inhibition of bacterial growth was stud-
ied by using the well-diffusion method with nutrient agar,
as commonly practiced in medical bacteriology, and was
purchased from HiMedia Laboratories, India. Plates were
inoculated with 100 pL of each pathogenic microorganism
adjusted to standardized inoculum (1.5 x 10 CFU/mL) in
triplicates and were spread with sterile swabs. Eight mm
wells were drilled into the agar by using a sterile stainless
steel borer.

Table 1 Phenol-rich compound sweet gel rich in minerals and trace elements

Minerals and Vitamins (Value per 100 g)

Sweetener Components

Zinc Magnesium  Potassium Vitamin C Iron Calcium

(mg) (mg) (mg) (mg) (mg) (mg)
Maple Syrup 1.47 21 212 0.0 0.11 102
Honey 0.22 2 52 0.5 0.42 6
Date Syrup 0.44 54 696 0.0 0.90 64
Pomegranate 0.35 12 236 10.2 0.30 10

United States department of agriculture, national nutrient database for standard reference, the national agricultural library, release

28, slightly revised May, 2016, Software v.2.5.4.
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Table 2 Materials and plants species, areas of collection and parts of the plants included in this study

No Scientific name Common name Site of collection Parts used

1 Acacia cat'echu (L.E) Catechu South of Iran Stem bark
Wwilld

2 Castanea sativa Chestnut Dashte arzhan Iran Fruit Shell

3 Ephedra sinica stapf Ephedra Fasa, Iran Whole stem

4 Shilajit Momia Darab, Iran whole

5 Honey Honey Fasa, Iran Honey

6 Acer Maple syrup Canadian, Dubai market Syrup

7 Punica granatum Pomegranate Algeria Fruit saps

8 Phoenix dactylifera L. Date Dubai, product Fruit saps

9 Azadirachta indica Neem Dubai product Gum

Table 3 ASLAN® formula used in this study

Ingredients Percentage (%)
Acacia catechu 40%
Ephedra sp. 25%
Castanea sativa husk 25%
Momia (Shilajit) 10%

For the preparation of Phenol-rich compound herbal ex-
tracts, one gram of Aslan crude extract (Table 3) was add-
ed to 10 mL of distilled water to form 10% Aslan (W/V),
which was heated and stirred until all ingredients had dis-
solved. It was then mixed with an equal amount of sweet
gel, which included honey, date, maple syrup and pome-
granate in specific percentages, as shown in Table 3, after
which Neem gum as much as 5 percent of the total weight,
was added as stabilizer. One drop of each sample solution
(50 uL) was applied to each well on the plate by using a
Pasteur pipette. The Petri dishes thus prepared were left
at room temperature for ten minutes to allow diffusion of
the extract into the agar. After incubation for 24 hours at
37°C, the plates were observed. Anti-bacterial activity was
indicated by an inhibition zone surrounding the well (in-
cluding the well diameter) containing the plant extract.
The diameters of the zones of inhibition were measured
in millimeters and interpreted based on published stand-
ards [20]. Anti-bacterial activity was recorded if the zone
of inhibition was greater than 8 mm. The interpretation of
the anti-bacterial activity results was done according to the
diameter of the zone of inhibition as follows: zones with
diameters < 9 mm zone were considered inactive, zones

with diameters from 9 to 12 mm were considered partially
active, zones with diameters from 13 to 18 mm were con-
sidered active, and zones with diameters from > 18 mm
were considered very active. The means and standard de-
viations of the diameters of the inhibition zones were cal-
culated. The standard anti-bacterial agent was cloxacillin.

Data were evaluated using the IBM SPSS software pro-
gram (version 19; IBM SPSS Inc., IL, USA). The herbal ex-
tract groups and the control groups were compared at the
95% confidence interval, and the results were expressed
as means + standard deviations. Differences between the
control group and the herbal extract groups were the crite-
ria for the anti-bacterial activities. The ¢-test (paired tests)
was used to detect differences between the treatment
groups and the control group. A value of P < 0.05 was con-
sidered significant.

3. Results

The Table 5 shows the zones of inhibition for the individ-
ual ingredients in the phenol-rich compound that were
used against P. aeruginosa and that produced a greater in-
hibition of Pseudomonas spp. than distilled water did.
Table 6 shows that the phenol-rich compound sweet gel
produced a greater inhibition of Pseudomonas spp. than
cloxacillin did. Also, the table shows that phenol-rich com-
pound sweet gel had a greater inhabitation had a greater
inhabitation on Pseudomonas spp. than the individual in-
gredients did an indication of synergic effects.
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Table 4 Components and composition of the sweet gel medium

Composition of Sweet Gel

No. Scientific name Common name pH o

1 Honey Honey 5.5 25

2 Acer Maple syrup 6.9 50

3 Phoenix dactylifera L. Date syrup 5.5 12

4 Punica granatum Pomegranate S5 13
Table 5 Antibiotic effects of individual ingredients in Phenol-rich compound against P. aeruginosa in this study

Zone of inhibition(mm) Mean + SD
Number of Punica  Phoenix ;C;elg;;; Castanea Ephedra Aza-
repeated Test  Honey Acer grana-  dactylif- (LE) sativa sinica  dirachta  Shilajit
tum eralL. willd stapf indica

1 13 18 25 19 19 18 19 16 12

2 12 17 25 19 18 19 19 18 12

3 13 18 24 18 19 19 19 17 11

Mean + SD 13.1213 17.666 24.6666  18.6666 18.6666  18.6666 19 17 11.6666
SD, standard deviation.
Table 6 Antibiotic effects of Phenol-rich compound sweet gel against P. aeruginosa

Zone of inhibition (mm)
Number of repeated Test illi
g Phenol-rich compound Sweet Gel el
as a control group

1 35 28

2 35 28

3 35.2 28

Mean + SD 35.06667 28

SD, standard deviation.

4. Discussion

Based on the results for the antibacterial effects, we can
state that phenol-rich compound sweet gel is a good can-
didate for the prevention and the treatment of chronic ul-
cers. Our findings showed that the phenol-rich compound
sweet gel had a significant antiseptic effective against
Pseudomonas spp. and were in agreement with those of
previous studies [15-19] that found that phenol compound
exhibited fairly good antimicrobial activities against both
gram-negative and gram-positive bacteria and that re-
markable activity was exhibited by P. aeruginosa. Also, the
greater inhibition due to the compound compared to the
inhabitation due to the individual ingredients on Pseu-
domonas spp. indicates significant synergic effects. How-
ever, no effort has been made so far to evaluate the syner-
gic effects of combined natural sweeteners on enhancing
the antibiotic activities of natural plants extracts.

Phenol compounds rich in minerals and trace elements

are involved in many biological processes in wound heal-
ing:

Several studies revealed a higher postoperative morbid-
ity, delayed healing, and more frequent secondary infec-
tions in malnourished patients with amputations than
in non-malnourished patients. Malnutrition encourages
dropping sutures. An earlier acute or chronic malnutrition
trauma slows healing. Zinc as a trace element is quan-
titatively the most important one and is involved in the
construction of over 200 enzymes with effects as follow:
improving cell growth and differentiation, fibroblast pro-
liferation, collagen synthesis, strengthening the immune
system and increasing steroid receptors [21, 22].

Iron; also plays a key role in the healing process [23]. It
preventing necrosis and accelerating the repair of radia-
tion-induced wounds. It also promotes collagen synthesis,
improves oxygen delivery to tissue, and is a component of
many enzyme systems. Chronic iron deficiency or anemia
is associated with an extended period of healing and oth-
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er painful complications. Copper is considered one of the
most effective nutrients for improving the wound healing
rate. Many studies have documented its natural efficien-
cy against germs and infections. Some studies shown that
copper can destroy several bacterial strains; hence, it is in-
teresting for use in dressings and bandages devices. Glob-
ally, copper strengthens bones, organs and connective
tissues, and provides better overall immune response [24].
Prolonged supplementation may in turn affect the absorp-
tion of zinc, copper and iron. This is because copper, iron
and zinc use the same routes to cross the intestinal barrier
and reach the bloodstream. Therefore excessive inputs of
a given mineral salt can interfere with the absorption of
others.

No significant benefit for wound healing is seen with nu-
tritional supplements such as vitamins C, A, E, and zinc
in a non-deficient individuals. [25-28] In contrast to oral
administration, topical administration of zinc appears to
be superior due to its action in reducing super infections
and necrotic material via enhanced local defense systems
and collagenolytic activity; and to the sustained release of
zinc ions, which stimulates epithelialization of wounds in
normozincemic individuals. Zinc oxide in paste bandages
(Unna boot) protects and soothes inflamed peri-wound
skin. Zinc from these formulations is transported through
the skin although the systemic effects seem insignificant.

The topical administration formula that focuses on cer-
tain vitamins and nutrients applied directly on the wounds
is more effective as a supplements to reduce the risk of
infection and to stimulate healing. Furthermore, phenol-
rich compounds, provides a number of essential minerals,
such as Zinc, potassium, iron, magnesium and calcium
(Table 1). In previous studies [29-31] on phenol com-
pounds, no contraindications and side effects have been
reported to date for any of the ingredient used in our study,
even though all of the benefits seem to have been reported.

The topical use of phenol-rich compound sweet gel
should be safer than that of the other formulations, but to
be on the safe side, more clinical studies and toxicology
studies need to be conducted. The antibiotic effect of phe-
nol-rich compounds is due to the presence of hydrophilic
components, such as polyphenols, polysaccharides, flavo-
noids and tannins in one or more parts of the plant. Thus
is an innovative approach to fighting the antibiotic-resist-
ant Pseudomonas. Our results and those of previous stud-
ies provide pharmacology and microbiology information
to explain the advantages of the phenol-rich compound
sweet gel and its mechanisms of action as a bioactive
dressing material in treating chronic ulcer:

V Sterilization of wounds

v Rapid autolytic debridement

Vv Inhibition of potential pathogens of wounds and en-
zymes that destroy tissue,

v Stimulations of tissues growth to speed healing,

J Protection against cross-contamination,

v Reduction of scars,

v Anti-inflammatory effect: reductions of infections, deo-
dorization of wounds, reducing edema and against macer-
ation due reduced of exudate ,

v Provision of moist healing environment without risk of
surrounding skin maceration and preventions of adhesion

of the dressings to the wound, thus preventing pain and
tissue damage when dressing is changed.

v Low enough pH to slow or prevent the growth of many
pathogenic species.

5. Conclusion

The increase in the number of bacterial infections resist-
ant to current antibiotics is an extremely worrying phe-
nomenon, especially in the hospital setting (nosocomial
infections). Therefore new strategies and innovative an-
tibiotics for use against these particularly virulent micro-
organisms need to be developed if a therapeutic impasse
is to be avoided. This work evaluated the synergic effects
of combined natural sweeteners on enhancing the antibi-
otic sensitivities of natural plants extracts and found the
phenol-rich compounds sweet gel to be an alternative
medicine and bioactive dressing material, for the treat-
ment of patients with various types of wounds, including
burns, venous leg ulcers, ulcers of various etiologies, dia-
betes induced ulcers on the feet, unhealed sampling sites
grafts, abscesses, boils, surgical wounds, necrosis process,
post-operative and neonatal wound infection. Based on
these results, that compound should be considered an al-
ternative to the usual methods of cure. On burns its anti-
bacterial and anti-inflammatory properties allow a moist
healing environment that protects the wounds from dete-
rioration and fibrosis to be maintained.
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