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ABSTRACT

Aims: Skin burns remain a noteworthy general medical issue throughout the world, as it boosts a condition of immuno-
suppression. The present research aimed to evaluate the efficacy of Syzygium aromaticum extracts, silver sulphadiazine
ointment, and different commercially available topical antibiotics against pathogenic bacteria, isolated from the skin of
burn patients.

Methodology and results: A total of 124 clinical pus samples were collected from the skin of burn patients, admitted to
two different tertiary care burn units at Peshawar, Pakistan. From these pus samples, 6 bacterial isolates from burned
skin (Staphylococcus epidermidis, Streptococcus, Klebsiella, Enterobacter, Bacillus and Pseudomonas spp.) were
isolated, while 4 different bacterial isolates (Staphylococcus epidermidis, Staphylococcus aureus, Bacillus and
Streptococcus spp.) were isolated from unburned skin via conventional culturing techniques. Further, antibacterial
assays were performed to compare the efficacy of S. aromaticum extracts (methanolic and aqueous extract), silver
sulphadiazine ointment, and different commercially available antibiotics against tested bacteria. It was observed that
both methanolic and aqueous extracts of S. aromaticum were effective at all concentrations against all the tested
bacteria. In addition, all the tested antibiotics expressed substantial activity against most of the bacterial isolates. While
silver sulphadiazine ointment was observed to be less potent against isolated bacteria as compared to S. aromaticum
extracts.

Conclusion, significance and impact of study: It was concluded that both aqueous and methanolic extracts of S.
aromaticum were effective antimicrobial agents and could be used as an alternative to control bacterial infections of burn
patients. This study would help to distinguish the risk factors of bacterial pathogenicity in burn patients and would also
provide a guideline to utilize medicinal plants and their extracts to minimize the chances of antibiotic resistance
phenomenon in burn patients.

Keywords: Infected burned skin, pathogenic bacteria, Syzygium aromaticum extracts, silver sulphadiazine ointment,
antibiotics

INTRODUCTION infections, thermo-regulation (insulation), sensation and

the synthesis of vitamin B and D (Proksch et al., 2008;

Skin is the outer most epithelial tissue, covering the
human body and is considered as the most conspicuous
organ. It has seven layers of ectodermal tissue and
protects the underlying bones, ligaments, muscles, and
internal organs (Pappas et al., 2009; Mostafa et al.,

2018). Skin plays various important roles such as
homeostasis of water, protection against different
*Corresponding author
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Simard-Bisson et al., 2018). It is also a site for the
propagation of varieties of bacterial pathogens and the
most dominant surface colonizers are Staphylococcus
epidermidis and Staphylococcus aureus (Grice et al.,
2009; Nagoba et al., 2010; Cong and Zhang, 2018).

Skin burns or blaze is a sort of skin or mucosa
damage, brought on by fire, electricity, chemicals, friction,
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radiations, and so on. There are three types of blazes
which are first-degree burn that causes the least harm
and only influence the external layer of skin; second-
degree burn that causes more serious damage as they
affect the top layer and the layer beneath; and third-
degree burn is the most severe, because they damage all
layers of the skin and tissues (Allegranzi et al., 2011;
Darlenski and Fluhr, 2017).

Skin burns are remarkable medical issues throughout
the world, particularly in underdeveloped countries, as it
expedites a condition of immuno-suppression that effects
patients to irresistible intricacies. Many researchers
reported patients with general burn injuries, were mainly
vulnerable to infection with methicillin  resistant
Staphylococcus aureus (MRSA) (Oncul et al., 2002;
Benchamkha et al., 2017). Different topical antimicrobial
agents are available in the market to prevent skin
infections, but most of them failed to prevent the wounds
from other invasive fungi and bacteria. These fungi and
bacteria start to penetrate in the internal tissues which
depend on their local wound factors, the capacity of
invasion, and the level of the patient's immuno-
suppression (Oncul et al., 2002). Further, Pseudomonas
aureginosa, which exists widely in the environment,
makes it extremely feasible that an individual suffering
from severe burns would be susceptible to this bacterial
pathogen (Gallo and Nakatsuji, 2011; Espiritu et al., 2016;
Moissl-Eichinger et al., 2017; Chen et al., 2018).

Syzygium aromaticum (clove) is an extensively
cultivated plant in Spice Islands, Indonesia, Pemba, and
Zanzibar, though it's earlier production was reported in
China. It is also used in the seasoning of food like thyme
and its antimicrobial potential was established, when its
essential oil extracts destroyed various Gram-positive and
Gram-negative bacteria as well as some fungi (Cressy et
al.,, 2003; Shoaib et al., 2014; Atanasova-Pancevska et
al., 2017). Clove is the dried flower bud of Eugenia
caryophyllus, Mytraceae family. It has wide range of
medicinal properties and now is commonly used in
Western medicine. Its extract contains eugenol, which
has tremendous antimicrobial properties against
pathogenic organisms such as Listeria monocytogenes,
Campylobacter jejuni, Salmonella enteritidis, Escherichia
coli and Staphylococcus aureus (Cressy et al., 2003; Kim
et al., 2005). In addition to this, cloves are very rich in
manganese and are also being an excellent source of
vitamin C dietary fibers, vitamin K, magnesium, calcium,
and fatty acids (Kim et al., 2005 Shoaib et al., 2014).
Further, it consists of a sufficient quantity of
carbohydrates, calcium, iron, phosphorus, sodium,
potassium, proteins, and hydrochloric acid (Im et al.,
2016; Atanasova-Pancevska et al., 2017).

The present study was designed to evaluate the
efficacy of S. aromaticum extracts, silver sulphadiazine
ointment and different commercially available topical
antibiotics against pathogenic bacteria isolated from the
skin of burn patients. This study would help us to identify
the hospital-acquired infections, as well as the
appropriate level of treatment for burn injuries. Besides, it
would also give an idea of the consumption of medicinal
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plants and their extracts as an alternative to commercially
available antibiotics. By doing this practice, there might be
a reduction in the emergence of antibiotic resistant
bacterial species. Moreover, it is expected that it will
reduce the burden of purchasing expensive antibiotics for
the treatment of burn-wound infections.

MATERIALS AND METHODS
Sample collection

A total of 124 clinical pus samples were collected from the
skin of patients admitted in burn units of two different
hospitals at Peshawar, Khyber Pakhtunkhwa, Pakistan.
Samples from the burned (n=62) and unburned (n=62)
skin areas were collected through pre-sterilized cotton
swab using aseptic techniques and then transported to
the  Microbiology = Research Laboratory, Abasyn
University, Peshawar, Pakistan in an icebox and
preserved at 4 °C until further analysis.

Isolation of pathogenic bacteria from clinical samples

About 25 mL of nutrient broth was prepared for each
sample in flasks. After inoculation, the nutrient broth was
incubated in shaking incubator at 37 °C for 24-48 h. After
incubation, 1 mL of freshly grown culture was
successively diluted up to 10 with sterile distilled water
and then nutrient agar plates were prepared for each
dilution. After this, 0.1 mL of diluted samples were
inoculated into nutrient agar plates, and then culture
plates were kept in an incubator at 37 °C under aerobic
conditions for about 24-72 h. After incubation, bacterial
isolates were identified using conventional culturing
technique i.e., determining culture characteristics, Gram
staining and performing different biochemical tests
(catalase, oxidase, urease, indole, citrate utilization,
coagulase, and triple sugar iron) according to their
standard procedures (Pahlow et al., 2015; Yoo et al,
2016).

Preparation of Syzygium aromaticum extract

Fresh cloves (Syzygium aromaticum) were purchased
from the local grain market, Peshawar, Khyber
Pakhtunkhwa, Pakistan, and then grinded into powder
form by blender and kept in airtight bottles. Two kinds of
S. aromaticum extracts (aqueous and methanolic
extracts) were prepared for evaluating their antimicrobial
activities towards pathogenic bacterial isolates. For the
preparation of aqueous extract of S. aromaticum, 25 g of
S. aromaticum powder was dissolved in 150 mL of
distilled water. After dissolution, the mixture was left
overnight at room temperature and then it was filtered. At
the end of this procedure, a dark color solution (primary
solution) having a concentration of 166 mg/mL was
obtained. Further, different working solutions i.e., 1, 2, 3,
4, and 5 mg/mL were prepared from the primary solution
using sterile distilled water. The sample extracts were
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kept refrigerated at 4 °C until further analysis (Ahmad and
Aqil, 2007).

Whereas, for the preparation of methanolic extract of
S. aromaticum, 150 mL of methanol was added to 25 g of
already finely grounded S. aromaticum powder and then
the mixture was left overnight at room temperature. Later,
the prepared mixture was filtered, and methanol was let to
evaporate in a rotary evaporator. Eventually, dark-colored
extract having a concentration of 166 mg/mL was
obtained at the end of this procedure. With the help of
dimethyl sulphoxide (DMSO), different working solutions
i.e.,, 1, 2, 3, 4 and 5 mg/mL respectively were prepared
from the stock solution. The sample extracts were kept
refrigerated at 4 °C until the accomplishment of further
analysis (Ahmad and Aqil, 2007).

Comparative antibacterial activity of S. aromaticum
extracts and silver sulphadiazine

The antibacterial activity of S. aromaticum extracts
(aqueous and methanolic extract) and commercially
available silver sulphadiazine (Silvadene®, Thermazene®,
Flamazine®, SSD®, a 1% water-soluble ointment, is a
combination of sulfadiazine plus silver, and used to treat
wound infections in patients with second- and third-
degree burns) against pathogenic bacterial isolates were
performed using Kirby-Bauer agar well diffusion method.
Nutrient agar media was prepared in the Petri plates, the
turbidity of the inoculum was adjusted with 0.5 McFarland
solution and then approximately 50 yL inoculum of every
selected bacterium was homogeneously spread on their
specified plates using glass spreader. After 5 min, six
wells of 6 mm diameter were bored via borer having 6
mm of diameter. One well was used for the positive
control (methanol) and two wells were used for negative
control (distilled water and DMSO). While, the remaining
three wells were used for silver sulphadiazine ointment,
aqueous and methanolic extracts of S. aromaticum
respectively. An equal volume (50 pL) of control as well
as extracts and silver sulphadiazine ointment, were added
into these wells and then incubated at 37°C for 24 h. After
incubation, zones of inhibition were measured to the
nearest millimeter to evaluate the potency of S.
aromaticum extracts and silver sulphadiazine ointment
against isolated bacterial species (Dai et al., 2010; CLSI,
2017).

Antibiotic sensitivity assay

Antibiotic sensitivity assay was performed according to
the Kirby-Bauer disc diffusion assay to determine the
efficacy of narrow and broad-spectrum antibiotics.
Antibiotic selection was based on CLSI (2017) guidelines
and 9 different commercially available antibiotics disc i.e.,
azithromycin, clindamycin, ciprofloxacin, ampicillin,
ceftazidime, cefepime, meropenem, gentamicin, and
amikacin, were used against test bacterial strains. In
antibiotic sensitivity assay, Mueller-Hinton agar plates
were prepared by spreading 0.1 mL of diluted inoculum of
each test bacterium over the media surface. After
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spreading, it was allowed to dry for about 5 min and then
with the help of sterilized forceps, antibiotic discs were
placed gently on the surface of the bacterial lawn at equal
distance. The plates were then incubated at 37 °C for 24
h, the antibiotics sensitive bacteria had made clear rings
or zones of inhibition around the discs during incubation.
Then, these zones were measured in millimeter to
evaluate the in vitro potency of antibiotics against test
bacterial species.

RESULTS
Bacteriological assessment of clinical samples

Isolated bacterial species were characterized according to
Bergey’'s Manual of Determinative Bacteriology (9™
edition). Based on microscopic and biochemical tests, 10
different bacterial isolates were characterized, 4 were
identified from unburned skin samples and 6 isolates
were identified from burned skin samples of patients
admitted in the tertiary care hospitals. Out of these 10
different bacterial isolates, 7 were Gram-positive and 3
were Gram-negative. Bacterial isolates encoded Bs, Bs
and Bs were Gram-negative rods and showed scattered
arrangement, while UN1, UN2, UN3, UN4, Bi1, B2, and Bs
were Gram-positive cocci and displayed cluster as well as
chain-like arrangement under a microscope. After
microscopic analysis, these bacterial isolates were sub-
cultured on nutrient agar media plates to observe their
cultural characteristics. Then identification of these
bacterial isolates was carried out by performing different
biochemical tests. The detailed description of
microscopic, cultural, and biochemical characteristics of
all identified bacterial isolates is given in Table 1.

Antibacterial activity of S. aromaticum extracts

In the current research, the methanolic extract of S.
aromaticum at concentration of 1 and 2 mg/mL revealed
an excellent antibacterial activity against Streptococcus
sp. from unburned skin. While at a concentration of 3
mg/mL, substantial activity was observed against Bacillus
sp. and S. aureus isolated from the unburned skin
samples of patients. However, at concentrations of 4 and
5 mg/mL, maximum antibacterial activity was observed
against Bacillus sp. and S. aureus respectively as shown
in Figure 1A. While in the case of indicator bacteria
isolated from burned skin samples, the maximum
antibacterial activity of methanolic extracts were
illustrated against Bacillus sp. at 1 and 2 mg/mL and
Pseudomonas sp. at concentrations of 3 mg/mL. Further,
at concentrations of 4 and 5 mg/mL, the substantial
activity of methanolic extract was observed against
Bacillus sp. as shown in Figure 1B.

On the other hand, aqueous extract of S. aromaticum
had also been used to evaluate their antibacterial activity
against the tested bacteria. For unburned skin (Figure
2A), it was noticed that the maximum antibacterial activity
of the aqueous extract was observed against Bacillus sp.
at concentrations of 1 and 2 mg/mL, while at a
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Table 1: Bacteriological assessment of clinical samples.

w —_
S @ @
g P 2 o % 8 3 & 9._
@  Cultural characteristics on nutrient E S £ 8 = 3 3 < o S
‘—g agar 5e O £ ) g 5 S = - Identified organisms
2 o =
UNy White, circular, smooth, opaque + ) ) ) i + + KIA Stgphqucpccus
growth epidermidis
Circular, yellow, small, opaque
Unburned UN2 growth + + - - + + + K Staphylococcus aureus
skin
samples UNsz  Small, white, smooth, opaque growth + + - + - - + KH2S Bacillus sp.
UNs Small, circular, golden, smooth + ) ) ) i ) i KIA, G Streptococcus sp.
growth
B, Small, circular, golden, smooth + ) . . ) . ) KIA,G  Streptococcus sp.
growth
B, White, circular, smooth, opaque + ) ) ) ) + + KIA Ste_tphquc_occus
growth epidermidis
Bs Circular, small, white opaque growth - + - - - + + NC Klebsiella sp.
Burned skin
samples Bs Large, off white, irregular, opaque ) + . . ) . + NC Enterobacter sp.
growth
Bs Small, circular, white, opaque growth + + - + - - + K, H2S Bacillus sp.
Be Small, greenish, smooth, opaque ) + ) + ) ) + NC Pseudomonas sp.
growth
UN = Unburned skin samples; B = Burned skin samples; + = Positive; - = Negative; + = Variable; A = Acid production; K = alkaline reaction; NC = No change; H,S = Sulfur

reduction; K/A = Redl/yellow; K/AG = Red/yellow with gas production.
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Figure 1: Antibacterial activity of methanolic extract of S. aromaticum in different concentrations against test bacterial

isolates from unburned skin (A) and burned skin (B).
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Figure 2: Antibacterial activity of agqueous extract of S. aromaticum in different concentrations against test bacterial

isolates from unburned skin (A) and burned skin (B).

concentration of 3 mg/mL,
observed against S. epidermidis. In addition, at
concentrations of 4 and 5 mg/mL, the maximum
antibacterial activity of the aqueous extract was revealed
against Bacillus and Streptococcus spp. While in the case
of bacterial species isolated from infected burned skin,

strongest activity was
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the maximum antibacterial activity of the aqueous extract
was found against Pseudomonas sp. at concentrations of
1, 2, 3 and 4 mg/mL. Though at a concentration of 5
mg/mL, the substantial antibacterial activity of the
aqueous extract was perceived against Klebsiella sp. as
shown in Figure 2B.
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Table 2: Antibacterial activity of tested antibiotics against bacteria isolated from unburned skin samples.

Zone of inhibition against bacteria isolated from unburned skin samples

CLSI (2017) (mm)
standard
S sensitivity limits
No. Antibiotics (mm) S. epidermidis S. aureus Bacillus sp. Streptococcus sp.
1 Cef 14 15.3+2.5 21.6+2.0 28.0+2.0 18.3#0.5
2 Mer 16 31.6+1.5 27.3+2.0 27.6+15 36.6+1.5
3 Clind 15 31.3+1.5 16.0+2.0 7.3+15 6.6+1.5
4 Gen 15.6 27.0£2.0 24.0+1.0 16.6£2.5 18.0£2.6
5 Cip 16.5 30.6+2.0 29.3+1.5 27.642.0 33.3£15
6 Azith 14.5 20.3+2.0 22.3+2.5 16.6+1.5 20.3+0.5
7 Ceftz 13.6 8.6+2.5 11.0+2.6 20.0+1.0 7.3+2.0
8 Amp 14.5 17.3+15 19.6+1.5 15.0£2.0 6.621.1
9 Amik 15 22.3+2.5 22.6+1.5 20.0+2.0 24.6+1.5

Cef = cefepime; Mer = meropenem; Clind = clindamycin; Gen = gentamycin; Cip = ciprofloxacin; Azith = azithromycin; Ceftz =

ceftazidime; Amp = ampicillin; Amik = amikacin

Antibacterial activity of commercially available
antibiotics against bacterial isolates

Antibacterial activity of test antibiotics against bacterial
species isolated from unburned skin samples are shown
in Table 2. It was observed that all the test antibiotics
against ceftazidime, clindamycin, and ampicillin have
illustrated a noteworthy activity against Streptococcus sp.
and the highest zone of inhibition was produced by
meropenem i.e., 36.6 mm. Further, it was observed that
Bacillus sp. showed sensitivity to all the test antibiotics
except clindamycin while highest sensitivity was observed
against cefepime i.e.,, 28 mm according to CLSI (2017)
guidelines. Similarly, S. aureus displayed sensitivity to all
the test antibiotics except ceftazidime, and largest zone of
inhibition was observed against ciprofloxacin i.e., 29.3
mm. Moreover, S. epidermitdis had demonstrated
resistance to only ceftazidime (8.6 mm) according to CLSI
(2017) qguidelines while the rest of test antibiotics
presented substantial activity against S. epidermidis.

Similarly, the same antibiotics were used to evaluate
their antibacterial activity against test bacterial species
isolated from the burned skin samples (Table 3).
According to the observations, it was found that S.
epidermidis demonstrated maximum sensitivity against
clindamycin (32.6 mm), Pseudomonas sp. was more
sensitive to ciprofloxacin (33.6 mm) while, Streptococcus
sp., Klebsiella sp., Enterobacter sp., and Bacillus sp.,
presented highest sensitivity to meropenem i.e., 31 mm,
31 mm, 32 mm, and 32.3 mm respectively.

Antibacterial activity of silver sulphadiazine ointment
against bacterial isolates

Silver sulphadiazine ointment was also assessed in the
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current study to evaluate their antibacterial activity against
bacterial isolates (Figures 3 and 4). The maximum
antibacterial activity of silver sulphadiazine ointment was
observed against Streptococcus sp. (16.0 + 1.8 mm),
followed by S. aureus (15.0 £ 1.5 mm), Bacillus sp. (14.6
+ 1.4 mm) and S. epidermidis (14.6 + 1.3 mm) isolated
from unburned skin samples as shown in Figure 3. While,
in the case of bacterial isolates from burned skin samples
(Figure 4), maximum activity was observed against
Klebsiella sp. (15.0 £ 1.7 mm), Bacillus sp. (14.6 £ 1.4
mm), Streptococcus sp. (143 * 0.8 mm) and
Pseudomonas sp. (14.3 + 1.0 mm). Whereas, against
Enterobacter sp. and S. epidermidis, the zones of
inhibition produced by silver sulphadiazine were 12.6 +
1.3 mm and 11.6 + 1.1 mm respectively. These results
were in accordance with the investigations of Oaks and
Cindass (2020).

DISCUSSION

The current research is focused on the evaluation of the
efficacy of S. aromaticum extracts, silver sulphadiazine
ointment and different commercially available topical
antibiotics against 10 different pathogenic bacteria,
isolated from the skin of burn patients. Among them, 4
bacterial isolates (S. epidermidis, S. aureus, Bacillus and
Streptococcus spp.) were identified from unburned skin
samples and 6 isolates (S. epidermidis, Streptococcus
Klebsiella, Enterobacter, Bacillus and Pseudomonas spp.)
from burned skin samples of the admitted patients as
shown in Table 1. All these isolated bacteria were highly
pathogenic and capable to produce severe infection
especially in burn patients. Microbial infection in burn
wards might be due to nosocomial pathogens and due to
sub-standard hygienic conditions (Ahmad and Al-Kafri,
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Table 3: Antibacterial activity of tested antibiotics against bacteria isolated from burned skin samples.

Zone of inhibition against bacteria isolated from burned skin samples (mm)

cLs!

(2017)

standard ot s Klebsiella Enterobacter Bacillus  Pseud

o sensitivi reptococcus : ebsiella  Enterobacter Bacillus  Pseudomonas

No.  Antibiotics limits vy sp. epidermidis sp. sp. sp. sp.

(mm)
1 Cef 14.0 14.3+1.1 14.041.0  14.0¢41.0  19.6+15  14.0+1.0  26.0+1.4
2 Mer 16.0 31.0+1.0 303+15  31.0+2.0  32.0¢1.0 323+11  31.3+15
3 Clind 15.0 21.3+15 32.6¢15 56205 8.3+2.0 73415 9.8+1.6
4 Gen 156 16.6+1.1 266415 23615  21.3#20  21.6+20  153%2.0
5 Cip 16.5 30.6+2.0 306+15  26.3+15  30.0+1.0  32.0+1.7  33.6£L5
6 Azith 145 21.3+1.1 220420  14.0+2.0  18.0+17  146+15  22.0+17
7 Ceftz 136 7.3+15 56£05  7.042.0 200420  24.3+15  19.0+2.6
8 Amp 14.5 24.3+0.5 236420  15.3%*15  18.6425  16.3%15 6.6+2.0
9 Amik 15.0 20.6+2.0 27020  15.6+15  23.0+1.0  22.3#25  251#17

Cef = cefepime; Mer = meropenem; Clind = clindamycin; Gen = gentamycin; Cip = ciprofloxacin; Azith = azithromycin; Ceftz =
ceftazidime; Amp = ampicillin; Amik = amikacin
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Figure 3: Antibacterial activity of silver sulphadiazine ointment against tested bacterial isolates from unburned skin
samples.
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Zone of inhibition (mm
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Figure 4: Antibacterial activity of silver sulphadiazine ointment against tested bacterial isolates isolated from burned
skin samples.
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2016). Rajbahak et al. (2014) isolated a total of 215
bacterial species from burn wounds, in which P.
aeruginosa accounted for 45.6%, followed by S. aureus
(19.1%), Acinetobacter sp. (17.7%) and coagulase-
negative Staphylococci (CONS) (5.6%). Further, they
concluded that Gram-negative bacteria were the
dominating bacteria in burn patient’s skin samples due to
nosocomial infection. Moreover, different pathogenic
bacteria (P. aeruginosa, S. epidermidis, Bacillus subtilis
and Enterobacter spp.) were isolated from the skin of
burned patients via conventional culturing technique.
While, among them, P. aeruginosa was the most widely
recognized and dominating in burned skin samples
(Alwan, 2011; Azimi et al., 2011).

Presently, S. aromaticum was used as a natural
remedy for the treatment of skin burns. Two different
extracts such as methanolic extract and aqueous extracts
were prepared in five different concentrations i.e. 1, 2, 3,
4, and 5 mg/mL and it was observed that both methanolic
and aqueous extract showed a noteworthy activity against
tested bacterial pathogens as shown in Figures 1 and 2.
A possible reason for this might be that both methanol
and water are polar solvents and chemical constituents in
S. aromaticum had more affinity towards polar solvents
that's why methanolic and aqueous extracts of S.
aromaticum displayed excellent activity against tested
bacterial isolates (Pandey and Kim, 2011). Further, Ali et
al. (2011) also conducted a study to assess the
antibacterial activity of aqueous and alcoholic extract of S.
aromaticum against pathogenic bacteria (S. aureus, S.
epidermidis and Pseudomonas sp.) causing hospital-
acquired infections. They reported that alcoholic extract of
S. aromaticum displayed maximum MIC values (780
pg/mL) against all the tested bacterial pathogens as
compared to aqueous extract, showing MIC values in the
range of 62-250 pg/mL. They further concluded that
aqueous extract of S. aromaticum was more effective as
compared to alcoholic extract of S. aromaticum and a
possible reason might be that chemical constituents in S.
aromaticum had more affinity towards highly polar
solvents as compared to less polar or non-polar solvents
that's why aqueous extract produced inhibitory effects
against bacterial isolates in less concentration as
compared to alcoholic extract. Moreover, similar results
were also reported by Pandey and Kim (2011) about the
antibacterial properties of S. aromaticum extracts against
food-borne pathogens.

Commercially available antibiotics were evaluated for
their antimicrobial activity against the prevailing bacterial
isolates. For this purpose, a disc diffusion assay was
performed to draw antibiotics susceptibility profiles for the
isolated bacteria (Tables 2 and 3). The results of the
experiments revealed that meropenem was the most
potent antibiotic against most of the Gram-negative and
Gram-positive bacteria and ciprofloxacin was found to be
the second most effective antibiotic. Magnet et al. (2013)
also conducted a similar study and found that
ciprofloxacin was the most sensitive antibiotic against
both Gram-positive and Gram-negative bacteria isolated
from the skin of burn patients. In our study, Pseudomonas
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sp. showed sensitivity against ciprofloxacin, followed by
meropenem, cefepime, amikacin, azithromycin,
ceftazidime, and gentamicin, whereas showed resistance
to clindamycin and ampicillin. Ahmad and Al-Kafri (2016)
also evaluated the potency of commercially available
antibiotics against Pseudomonas sp. isolated from the
skin of burned patients. They reported that bacterial
isolates had highest sensitivity to imipenem (47.92%),
meropenem (50%), and cefepime (41.67%) and had
resistance to ampicillin. Further, they also concluded that
the possibility of bacterial infection increases due to
nosocomial infection as the patient stays in the burn
center for a long period. A possible reason for antibiotic
resistance might be the irrational use of antibiotics.
Therefore, it was suggested that antibiotics must be used
in burn wards after performing susceptibility tests.
Furthermore, Magnet et al. (2013) also described that
genetic variation among bacterial isolates was the most
significant reason for antibiotic resistance and suggested
that all these complications would be minimized up to
some extent by maintaining hygienic conditions within
burn wards.

Further, silver sulphadiazine ointment was also
assessed in the current study to evaluate their
antibacterial activity against bacterial isolates because it
is a sulfonamide containing antibacterial; however, unlike
other sulfa drugs, this does not inhibit folic acid synthesis.
Its antibacterial effects are due to the silver ions. As such,
the silver ions only act superficially, and there is limited
eschar penetration. The exact mechanism of action of
silver sulfadiazine is currently unknown, but the drug
hypothetically produces its bactericidal effects by
increasing cell wall permeability through the impairment of
DNA replication, the direct modification of the lipid cell
membrane, and/or the formation of free radicals (Ullah et
al., 2019). Ordinary results were observed while using
silver sulphadiazine ointment towards isolates and this
might be due to nosocomial infections or the
microorganisms become less sensitive or resistant to
silver compounds. The maximum antibacterial activity of
silver sulphadiazine ointment was apparent against
Streptococcus sp. (16.0 + 1.8 mm), isolated from
unburned skin samples while the remaining isolates also
showed sensitivity to silver sulphadiazine ointment. On
the other hand, in case of bacterial isolates from infected
burned skin samples, excellent activity was observed. It
was reported that silver compounds had been used for
centuries for their therapeutic properties and were
considered as best topical burn treatment in burn wards.
Silver sulphadiazine ointment had strong antibacterial
activity as it contained silver as a constituent to heal the
burn  wounds (Atanasova-Pancevska et al., 2017).
However, nowadays through quorum  sensing,
microorganisms can communicate with each other and
transfer genetic information through horizontal gene
transfer as a result they displayed resistance to silver
compounds (Rajbahak et al., 2014; Moissl-Eichinger et
al., 2017).
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CONCLUSION

From the present study, it shows that burned patients
were at high risk to different microbial infections. It was
concluded that both methanolic and aqueous extracts
showed excellent activity at all concentrations against all
the tested bacteria and likewise, all tested antibiotics
expressed potent antimicrobial activity against the
majority of tested pathogenic bacteria and few of them
had shown resistance. The most effective antibiotic
against bacterial isolates was meropenem followed by
ciprofloxacin. Consequently, it was concluded that
meropenem and ciprofloxacin were the choice of
antibiotics for the burn wound infections. Moreover, the
isolated pathogenic bacteria were also sensitive to silver
sulphadiazine ointment but comparatively, the zone of
inhibition produced by antibiotics and methanolic extract
of S. aromaticum was better than silver sulphadiazine
ointment. Overall, it was suggested that proper
precautionary measured should be accomplished in burn
wards and empirical therapy should be avoided to reduce
the chances of multi-drug resistant bacterial infections.
Besides, culture sensitivity test must be encouraged to
choose effective antibiotic’s therapy in burn wards.
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