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Abstract: A break or wound in the skin makes a favourable environment for the invasion of bacterial pathogens. Variety of Gram
positive and Gram-negative organisms cause wound infection. Conventional drugs have been used to treat them, but their overuse has
led to an increase in development of MDR pathogens. Thus, it has become the need of the hour to develop newer drugs to treat them
preferably without the pathogens developing resistance against them. Moringa oleifera Lam. has been used since ages for treating
various diseases. It is a rich source of variety of phytochemicals and can serve as a potential therapeutic agent. Wound pathogens were
isolated from samples collected from open wound lesions of patients from Central hospital, Ulhasnagar. Pathogens were isolated and
identified on the basis of Bergey's manual. Presence of MDR was confirmed by antibiotic Disc diffusion test. The leaves bark and seeds
of Moringa oleifera Lam. were used to prepare acetone and aqueous extracts. In vitro antimicrobial activity was evaluated qualitatively
by Agar ditch plate method and quantitatively by Agar dilution method. Among the isolates there was a high prevalence of Gram-
negative pathogens (70%). Staphylococcus spp. were predominant in Gram positive isolates (20%). Of total isolates, 20% were MDR
pathogens. There was high amount of glycosides present in different extracts of Moringa oleifera Lam. followed by tannins and
flavonoids in both acetonic and aqueous extracts. The aqueous leaf extract had broad spectrum and the highest antibacterial activity.
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1. Introduction

A discontinuity in the skin due to injury can weaken its
defence mechanisms, thereby making the surrounding more
favourable for invasion and proliferation of bacteria. The
process of wound healing may be hampered by microbial
infection.Common bacterial pathogens associated with

wound infection include  Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Streptococcus pyogenes, Proteus species,

Streptococcus species, and Enterococcus species’. The
control of wound infections has become more challenging
due to widespread bacterial resistance to antibiotics®.

Throughout the ages, plants have been a valuable resource
of natural products for human health. Studies have shown
the presence of different phytochemical constituents in
botanical sample responsible for the antimicrobial activity”.
Moreover, several natural products obtained from medicinal
plants lead to the development of various pharmaceuticals
and analogues or derivatives”.

Moringa oleifera Lam. is most widely cultivated species of a
monogeneric family, the Moringaceae®.Majority of the
phytochemicals like polyphenols, carotenoids, alkaloids,
terpenoids, and sulphur containing compounds are also
present in Moringa tree’. Traditionally, Moringaoleifera
Lam. has been wused in the treatment of infected
wounds.Various parts of the plant are known to possess
significant antibacterial activity as well as wound healing
properties. The present study aims at evaluating the in vitro
antimicrobial activity of various extracts of Moringa against
pathogens causing wound infection.

2. Materials and methods

Sample collection, isolation and identification:
Pathological samples were collected from open wound
lesions of patients in Central Hospital, Ulhasnagar. The
samples were then isolated on SIBA, Nutrient agar and
MacConkey agar. Various isolates obtained from wound
were further identified on the basis of cultural,
morphological and biochemical tests®.

In vitro antibiotic susceptibility testing of the isolates’

In vitro susceptibility testing was performed by Kirby-Bauer
disk diffusion technique for all the pathogenic wound
isolates. For Gram-positive bacteria following antibiotics
were used- Gentamycin (30mcg), Ciprofloxacin (10mcg),
Erythromycin (5mcg) and Oxacillin (5mcg).

For Gram-negative pathogens Gentamycin (30mcg),
Ciprofloxacin (10mcg), Amikacin (10mcg) and Ampicillin
(10mcg) were used; for Pseudomonas spp. all antibiotics
except Ampicillin was replaced by Cephotaxime (30mcg).

Collection and preparation of Moringa extracts:

Leaves, bark and seeds of Moringa oleifera Lam. were
collected and air dried, then ground to fine powder. Acetonic
extracts were prepared by carrying out extraction in Soxhlet
apparatus. Aqueous extract was prepared by using boiling
water bath. After extraction, the extract was dried at
appropriate temperature. For further studies, the dried
extract obtained was dissolved in suitable amount of
distilled water and used.

Phytochemical Analysis of the extracts'® ™ *%:

Chemical analysis for phytochemicals was done to examine
the presence of various phytochemical constituents like
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alkaloids, tannins, chelated phenols, steroids, flavonoids,
fatty acids and saponins.

Determination of in vitro antimicrobial activity of the
extracts:

A) Qualitative analysis (Ditch plate method).

Four standard test cultures namely S. aureus, E. coli,
Klebsiella pneumoniae and Pseudomonas aeruginosa were
used.

B) Quantitative analysis (Agar dilution method)™

Plates with varying concentrations of acetone and aqueous
extracts of Moringa leaves, seeds and bark were prepared
and 24hr old cell suspension of isolated wound pathogens
were tested by grid plate method. The MIC was then
determined for each isolate as the lowest concentration of
test extract preventing the growth.

3. Results and discussion

Isolation and identification of bacterial pathogens from
the wound samples:

Total 30 isolates were identified from different types of
wound samples like accident wounds, insect bites, injury etc.
Of the 30 isolates obtained from the wound samples (as in
Table 1), Gram negative rods were more prevalent. The
most common pathogen causing wound infection was
Staphylococcus spp. (20%), followed by Kluyvera spp.
(16.67%) and the least being Streptococcus spp. (10%).
There was higher prevalence of Kluyvera spp. among all the
Gram-negative isolates but Staphylococcus spp. was the
predominant Gram-positive pathogen from the wound
samples.

Table 1: Different bacterial pathogens identified from
wound samples

The highest resistance among all Gram-positive pathogens
was towards Erythromycin (100%). There were no MDR
detected among Staphylococcus species. Though percentage
of Streptococcus spp. was the least among the Gram positive
isolates, there were more MDR in Streptococcus
spp.(3.33%).

Among Gram-negative pathogens, maximum resistance was
against Ampicillin, and in case of Pseudomonas spp.
resistance was higher towards Cephotaxime. Among both
Gram-positive and Gram-negative pathogens, the highest
sensitivity was towards Gentamycin. MDR pathogens were
predominant among Gram-negative pathogens and
maximum MDR were from Proteus spp. and Pseudomonas

Spp.

The number of multiple drug resistant pathogen among the
wound isolates were as depicted in Table 2.

Table 2: Number of multiple drug resistant (MDR)
pathogens isolated from wound sample

Organism Total no. of MDR (%)
Staphylococcus spp. N
Gram (n:6) (0%)
positive
isolates Streptococcus spp. 1
(n=3) (3.33%)
Escherichia spp. ;
(n=4) (0%)
Klebsiella spp. 1
= 0,
Gram = (n=4) (3.323 %)
negative roteus spp.
' (n=4) (6.67%)
isolates
Pseudomonas spp. 5
(n=4) (6.67%)
Kluyvera spp. "
(n=5) (0%)
= 6
Total (N=30) o

Organism Tot_al Total
organisms| Percentage (%)
Gram positive | Staphylococcus spp. 6 20
n=9 (30%) Streptococcus spp. 3 10
Escherichia spp. 4 13.33
Gram negative Klebsiella spp 4 13.33
n=21 Proteus spp 4 13.33
(70%) Pseudomonas spp 4 13.33
Kluyveraspp 5 16.67
Total (N) 30 100

Mama M et al." in 2014 and Mohammad A et al., % in 2017
reported that Gram negative wound pathogens were
commonly isolated from the wound infections. Egbe C A et
al., ® (2011), Mama M et al., ** (2014) and Mohammad A et
al., 2 (2017) have also reported the highest prevalence of
Staphylococcus spp. in wound infections. Egbe C A et al., ®
(2011) that Streptococcus spp. was the least prevalent
etiological agent in wound infections.

In vitro antibiotic susceptibility of the bacterial isolates
(Kirby-Bauer disk diffusion method)®

Mohammad A et al., ? (2017), Mama M et al., *(2014) and
Taiwo S S et al., *® (2011) have reported that Staphylococcus
spp. exhibited maximum sensitivity towards Gentamycin.
Maximum sensitivity of the Gram-negative isolates to
Gentamycin was reported by Mohammad A et al., %(2017)
and Mordi R M et al., '® (2009). Mehta M et al., ** (2007)
and Bessa L J et al, " (2013), their studies showed
significantly high resistance of Pseudomonas spp. towards
the drug Cephotaxime. Mama M et al., ** (2014),
Mohammad A et al., * (2017) and Fantahun B et al., *®
(2009) have reported a very high percentage of MDR
pathogens in the wound infections.
Phytochemical analysis of the extracts'® ™ *%:

The acetone and aqueous extracts of the leaves, seeds and
bark were checked for the presence of phytochemicals. The
phytochemical analysis of various extracts was as depicted
in Table 3. Among all the phytochemicals, glycosides were
present in most of the extracts, followed by tannins and
flavonoids, whereas alkaloids and saponins were absent in
all.
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Table 3: Phytochemicals present in the extracts

Extracts Phytochemicals
Tannins| Proteins| Saponins | Alkaloids | Glycosides | Flavonoids
Seed - - 8 " -
Acetone |Bark| + - 3 " -
Leaf| + - - -
Seed - - B " -
Aqueous | Bark " " -
Leaf| + + - " -

Key: + present; - absent

Padmalochana K (2018) reported presence of tannins in
acetonic leaf extracts. Absence of glycosides in the acetonic
seed extract was reported by reported by Javed K Z%° (2018).
Rathi B et al., % (2004) reported presence of presence of
glycosides in the aqueous seed extract. Vinoth B et al., %
(2012) studies showed the presence of glycosides and
tannins in the aqueous leaf extract.

Determination of in vitro antimicrobial activity of the
extracts:

A) Qualitative analysis (Ditch Plate method)

Various extracts were tested for their antimicrobial activity
using ditch plate method. Aqueous extract of leaf had broad

spectrum activity inhibiting both Gram-positive and Gram-
negative bacteria. Comparatively, acetonic extracts of seed
and bark had narrow spectrum activity.

B) Quantitative analysis (Agar dilution method)
Minimum inhibitory concentration (MIC) of the different
extracts was determined by agar dilution method for
different wound isolates as given in Table 4.

Significant antimicrobial activity was seen in case of the
aqueous leaf extract compared to acetonic bark extract as
shown in Figure 1.

Figure 1: Minimum inhibitory concentration of the aqueous leaf extract against the wound isolates by grid plate method

Table 4: MIC of the different extracts

Organism MIC of acetone extracts (g%) | MIC of aqueous extracts (g%)
Seed Bark Leaf Seed Bark Leaf
Staphylococcus spp. (n=6) 0.25 0.15 >1.0 >1.0 >1.0 0.1
Streptococcus spp. (n=3) >1.0 1.0 >1.0 >1.0 >1.0 0.1
Escherichia spp. (n=4) >1.0 0.1 >1.0 >1.0 >1.0 0.1
Klebsiella spp. (n=4) >1.0 1.0 >1.0 >1.0 >1.0 0.1
Proteus spp. (n=4) >1.0 1.0 >1.0 >1.0 >1.0 0.1
Pseudomonas spp. (n=4) >1.0 1.0 >1.0 >1.0 >1.0 0.1
Kluyvera spp. (n=5) >1.0 0.1 >1.0 >1.0 >1.0 0.1

Vinoth B et al., ? (2012) also reported better activity of
aqueous leaf extract against S. aureus. The acetone extract
of leaves of Moringa oleifera Lam. were significantly low in
antimicrobial activity was reported by Sundar S et al., #
(2014).

4. Conclusions

Wound infections are the most common hospital acquired
infections and can be treated with conventional drugs, but
the overuse of these drugs has led to the development of
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multiple drug resistant pathogens and making it difficult to
treat. Plants have been used since ancient times for treatment
of various diseases since they are a rich source of
phytochemicals which possesses antibacterial, anticancer,
antifungal properties etc. In the present study, the aqueous
and acetone extract of leaf, bark and seeds of Moringa
oliefera Lam. were analysed qualitatively and quantitatively
for in vitro antimicrobial activity against wound pathogens.
The aqueous leaf extract had broad spectrum activity with a
significantly better antimicrobial activity against both Gram-
positive and Gram-negative pathogens. The aqueous leaf
extract was active against both MDRs and non-MDRs and
thus proved to have potential to be used as a therapeutic
agent.
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