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ABSTRACT

The worldwide growing antibiotic resistance against microbes has shifted
the trend towards medicinal plants. Herbs are gaining courtesy for their
effectiveness, safety, cheapness, and therapeutic potential. The current
study focuses on the antibacterial potential of Mentha piperita (mint),
Syzygium cumini (jamun), Citrus limon (lemon), and Punica granatum
(pomegranate) extracts against isolated bacterial strains from diabetic foot
infections. Diabetic foot samples (n=80) were collected for isolation of
bacteria. Samples were run on respective media for isolation of different
bacteria, which were further identified through microscopy and biochemical
testing. Antibacterial activity was determined by disc and well diffusion
methods. Several bacteria like S. aureus (42), P. aeruginosa (41), E. coli
(28) K. pneumonia (22), S. epidermidis (15), Bacillus (7), and Proteous
mirabilis (7) were isolated. Antibacterial analysis revealed moderate
sensitivity of the four selected extracts against isolates, which was higher
compared to most synthetic antibiotics. The lemon extract showed moderate
antibacterial activity against S. epidermidis (8mm), P. aeruginosa (10mm)
Bacillus (10mm), and P. mirabilis (11mm). Similarly, pomegranate also
showed moderate sensitivity against all isolated bacteria. Jamun leaf extract
showed antibacterial activity against S. epidermidis (12mm), K. pneumonia
(10mm), E. coli (12mm), S. aureus, (11mm) and P. mirabilis (10mm).
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Hence plants could be used as an alternative to synthetic antibiotics with
modifications to achieve better results.

Keywords: antibiotics, antibiotic resistance, diabetes mellitus, diabetic
foot, plant extracts.

1. INTRODUCTION

The prevalence of diabetes mellitus and the complications associated
with it continue to rise worldwide. Diabetic patients suffer from various
types of complications which result in micro- and macro-vascular
anomalies [1]. A cluster of complications like retinopathy, neuropathy,
nephropathy, and diabetic foot ulcers was observed in uncontrolled diabetic
patients. Diabetic foot ulcer (DFU) is one of the most lethal complications
and common causes of hospitalization in diabetic patients which leads to
social, psychological, and economic burdens on patients. The death rate is
nearly 2.5 times higher in diabetic foot patients compared to those without
foot ulcers [2]. Currently, about half of DFUs are clinically infected.
Diabetic foot infections are majorly caused by the excessive use of broad-
spectrum antibiotics which lead to antibacterial resistance [3].

Various microorganisms worsen wounds and delay the healing of
diabetic foot patients with S. aureus, Streptococci, and P. aeruginosa being
common causes of skin infections [4]. In Pakistan, the incidence of diabetes
is 11.1%, and impaired fasting glucose levels are more common in men
(4.2%) than in women (2.3%). Recently, the incidence of diabetes mellitus
in Pakistan has increased gradually. In Pakistan, WHO estimates over five
million new cases by 2025 [5]. In the case of diabetic foot, patients become
vulnerable to microorganisms such as E. coli, K. pneumonia, S. aureus, and
P. aeruginosa due to skin breaches. Due to excessive misuse of
chemotherapeutic drugs, antibiotics have become resistant against bacteria,
known as multi-drug resistant organisms [6].

Different treatment plans are available for diabetic foot ulcers and the
most commonly used method is broad-spectrum synthetic antibiotics.
However, excessive use of these antibiotics leads to resistance against
microbes. There is an urgent need to establish new ways for treatment to
reduce the side effects of these synthetic antibiotics, indirectly to reduce the
economic burden. Recently medicinal plants and their products have been
getting attention for their usage as antimicrobial agents [7].
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Medicinal plants are widely used as antimicrobial agents. Recently, the
importance of medicinal plants has increased to treat chronic skin wounds.
Different plants have diverse medicinal roles

like anti-inflammatory and antimicrobial properties. Due triggering of
growth factors like cytokines and chemokines plays an important role
regeneration of the skin and wound healing without any adverse effects.
Previously, various studies reported the role of medicinal plants, for
instance, Aloe vera, Mimosa vulgaris, Angelica sinensis, and Lavanduela
stoechas. These medicinal plants were used in different formulations such
as ointments, creams, and gels to treat chronic skin wounds [8].

Diabetic wound healing impairment is a serious health challenge
globally for health professionals. To deal with this health challenge,
different strategies are developing and medicinal plants are deeply getting
attention. Infect medicinal plants possess chains of secondary metabolites
or ingredients that have fewer side effects as compared with orthodox
therapeutic agents. Therefore, interest in medicinal plants is growing in the
wound healing process both in diabetic and non-diabetic conditions [9].
Therefore, the purpose of this study was to evaluate the microbiology
profile and susceptibility pattern of selected herbal extracts and their
comparison with commercial antibiotics against clinical bacterial isolates.

2. MATERIALS AND METHODS
2.1. Population Size

The population size was n = 80 between 31-85 years of age and having
a history of type 2 diabetes mellitus. These patients were admitted to the
surgery department of different public and private hospitals in Lahore with
a history of Diabetic Foot Infections (DFIs). The following data like age,
gender, diabetes duration, DFU duration, history of hospital admissions for
the same ulcer, and previous use of antibiotics in the preceding 6-12 months
were noted.

2.2. Sample Collection and Transportation

Before taking the samples, the wound was cleaned with normal saline.
The sterile cotton swab was used for direct swabbing from the center of the
diabetic wound (leg, feet, and amputation of leg). The samples were
immediately transported to the Microbiology laboratory of the IMBB
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department at the University of Lahore, Pakistan according to the procedure
adopted by [10].

2.3. Sample Processing, Isolation, and Bacterial Identification

The sample was streaked with cotton swab sticks on Mannitol Salt Agar
(MSA), MacConkey agar, Cetrimide, and Blood agar medium. All plates
were incubated aerobically at 37°C for 24 hours and examined for bacterial
growth. Different microbial techniques like macro-morphology,
microscopy, and biochemical testing were carried out for the identification
and confirmation of isolated bacteria [11].

2.4. Plants Collection and Extraction

Fresh leaves of four plants (mint, jamun, lemon, and pomegranate) were
collected from Pattoki Nursery Punjab, Pakistan. Leaves were washed
thoroughly with running tap water and air dried at room temperature for 3-
4 days. The dried leaves were crushed into fine powder in an electric grinder
and stored in bottles at room temperature. For extract preparation, 10 g of
each plant powdered was dissolved in 100 ml of ethanol separately in a
conical flask. The flasks were placed in a shaker incubator at 37 °C. Liquid
extracts were separated from solids by using Whatman filter paper and a
rotary evaporator was used to concentrate them [12].

2.5. Antibacterial Sensitivity

Extracts of plants were evaluated for in-vitro antimicrobial activity. The
isolated microorganisms were inoculated on Muller Hinton agar plates by
the spread plate method and extract-impregnated discs were placed on the
agar surface and pressed a little. The plates were kept in an incubator for 24
hours at 37 °C and examined for ZOI. Gentamycin and DMSO were used
as positive and negative controls, respectively. Similarly, the susceptibility
of different antibiotics like Penicillin (10 pg), Ampicillin (10 pg),
Aminoglycosides (30 pg); Gentamycin (30 pg), Ciprofloxacin (10 pg),
Chloramphenicol (30 pg) Azithromycin (15 pg) and Erythromycin (30 pg)
was also evaluated against these isolated microbes. Based on ZOI, the
bacteria were considered sensitive or resistant. The intermediate zone is
considered sensitive for the interpretation of results [13].

2.6. Statistical Analysis

All the study data was analyzed by applying the statistical tool of
Microsoft Excel 2013 and were tabulated or presented graphically.
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Microsoft Excel was used for data entry and data analysis. Data was
represented as frequencies, percentages, tables, and charts.

3. RESULTS
3.1. Selection of Diabetic Patients

Diabetic foot ulcer patients were selected from different hospitals in
Lahore, Punjab Pakistan for isolation of bacteria. Patients were evaluated
by taking the history of illness to consider them for the study.

3.2. Sample Processing

A total of 80 samples were collected and transported to the microbiology
laboratory of the University of Lahore, Pakistan. The samples were
inoculated on nutrient agar plates and incubated at 37 “C and the bacterial
colonies were observed after 24 hrs of incubation. A total of 80 samples
with equal in number both male and female were collected; 7 samples did
not show any growth while 73 samples showed the growth of either mono-
microbial or poly-microbial as shown in Fig 1.

m Total sapmles

= Growth

= No growth
Mono-microbial

m Poly-microbial

Figure 1. Growth of Samples from Diabetic Foot Ulcer
3.3. Identification of Bacterial Isolates

The bacterial isolates were confirmed based on colony morphology,
gram staining, and biochemical testing. They were sub-cultured on specific
media like blood, MacConkey, and mannitol salt agar. Yellow growth was
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observed for S. aureus and S. epidermidis showed pink on mannitol salt agar
as shown in Figure 2. Biochemical tests were performed for further
identification of bacteria. A Catalase positive test was performed for the
identification of S. aureus as shown in Figure 3.

Figure 2. (A) Growth of S. aureus & S. epidermidis on MSA (B) Growth
of K. pneumoniae on Blood Agar

Figure 3. Catalase Positive Test of S. aureus

3.4. Prevalence of Isolated Bacterial Strains

Both gram-positive (28%) and gram-negative (72%) bacteria were
isolated from diabetic samples with the prevalence of S. aureus (42), P.
aeruginosa (41), E. coli (28) K. pneumonia (22), S. epidermidis (15),
Bacillus (7), and Proteous mirabilis (7), respectively as shown in Figure 4.
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Figure 4. Bacterial Species Isolated from Diabetic Patients
3.5. Evaluation of Sensitivity against Antimicrobial Agents

After their identification, the antibacterial sensitivity of herbal extracts
and synthetic antibiotics was carried out in Table 1 showing the zone of
inhibition (mm) of each antimicrobial agent against each isolated bacterial
strain from diabetic foot infection and herbal extract, which showed a
moderate zone of inhibition against maximum bacterial strain.

Table 1. Zones of Inhibition (mm) by Each Antimicrobial Agent against
Isolates

Zone of inhibition against Bacterial Isolates by anti-microbial agents in mili meter
Sr. No. Anti-microbial  |Staphylococcus|Staphylococcus|Klebsiella  |Psendomonas Escherichia |Baccilus Proteus
agents aureus epidermidis  |pneumoniae |aeruginosa. |coli. sp. sp.
1 |Chloramphenicol 12 14 15 28 22 26
2 |cephradine 10 0 28 0 0 28
3 |Ssulphamethazole 0 0 0 0 0 0 0
4 |ciprofloxacin 22 20 32 0 0 30 17
5 |cephiclore 0 0 10 0 0 22 0
6 |Clindamycin 5 0 16 0 0 18 9
7 Ampicillin 28 16 17 0 0 12 0
g Azithromycin 16 18 10 9 13 20 21
9 Penicillin 28 19 0 0 0 10 0
10 |Gentamycin 21 21 20 0 20 22 18
11 |Erythromycin 22 23 10 0 0 30 16
13 |Lemon Extract 0 8 0 10 0 10 11
14 |Jaman Extract 0 12 10 0 12 11 9
15 |Mint Extract 10 10 0 0 8 11 2
16  |Pomegranate Extract 5 12 5 8 4 5 5
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4. DISCUSSION

Diabetes mellitus is a global health issue characterized by a raised level
of glucose in the blood linked with wide etiology. Long-term raised glucose
levels induce multiple complications, including retinopathy, nephropathy,
and diabetic foot [14]. The objective of this study is to find the bacteriology
load in diabetic ulcers and compare the antibacterial sensitivity effect
between commonly used synthetic antibiotics and selected herbal plants. In
this study, the prevalence of diabetic foot was found more common in males
with a mean age of 71 years, denoting the existence of this condition in the
elderly population. Also, both mono-microbial and polymicrobial were
associated with diabetic foot. However, the majority of samples were linked
with polymicrobial. Similar findings were also observed in developing
countries like India and Pakistan [15].

A recent study showed that diabetic foot ulcer prevalence was higher in
men approximately 68% as compared to women nearly 32%. Notably,
different factors are involved, such as genetic dominance and more time
exposure to their foot during outdoor activity. Interestingly, the present
study also noted a predominance of polymicrobial infections and this could
be related to the severity of the infection like chronic wounds and more
complex infections [16]. Several bacteria like S. aureus, P. aeruginosa, E.
coli, K. pneumoniae, S. epidermidis, Bacillus, and P. mirabilis were
isolated. S. aureus was the most frequent micro-organism linked with P.
mirabilis isolation. K. pneumonia and E. coli are the most dominant gram-
negative bacteria that exhibit a high resistance profile against common
antibiotics. S. aureus had the highest percentage followed by P. aeruginosa
and E. coli, respectively. This study completely agrees with the results of
the previous study [17, 18]. In conclusion, S. aureus, S. epidermidis gram-
positive P. aeruginosa, and E. coli Gram-negative are the major reasons for
causing diabetic foot, which may lead to antibiotic resistance rate and 65%
of the resultant surgical intervention. The commonly isolated bacteria in this
study were S. aureus, P. aerugimosa, E. coli, K. pneumoniae, S.epidermidis,
P. mirabilis, and B. mycoids which were also observed in a previous study
[19].

Unlike previous studies in which most numbers of samples were
polymicrobial. The majority of the samples in this study yield one type of
microbe [20]. In comparison most prevalent bacterial isolates were in this
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case S. aureus followed by Pseudomonas sp. Klebsiella sp, E. coli, and
Proteus sp. that was the strongest point of this study [21].

Wounds of diabetic patient’s feet were commonly infected by
Staphylococcus aureus, Enterococci sp. Pseudomonas aeruginosa,
Escherichia coli, Klebsiella sp. and Proteus sp. The same kinds of bacterial
isolates were isolated from the samples in this study.

The second objective of this study after their isolation was testing of
antibiotic resistance and sensitivity against patent antibiotics and herbal
extracts. Present study results show considerable resemblance with the past
studies by [22]. The present study showed the prevalence of bacteria
involved in diabetic foot ulcers. According to this study S. aureus had the
highest prevalence followed by P. aeruginosa. E. coli, K. pneumonia,
S.epidermidis, P. vulgaris and B. mycoides. In a previous study S. aureus
and P. aerugenosa were found predominant in diabetic foot ulcers [23]. The
mint and (black plum) jamun extracts showed a zone of inhibition against
Bacillus Sp. was comparable to penicillin and ampicillin antibiotics. While
jamun and lemon extracts showed a considerable zone of inhibition against
P. mirabilis to which most of the patent antibiotics were resistant. The
antibacterial activity of mint was screened against multi-drug resistant
bacteria, indicating their effectiveness in both nosocomial and community-
acquired infections [24]. In the same way, this study also showed that mint
extract can be used to treat multi-resistant cases of diabetic foot infection.
Pomegranate and lemon extracts were also sensitive against P. aeruginosa
as compared to the results showed by azithromycin, while other standard
antibiotics were resistant against all except chloramphenicol.

Citrus fruit peel extract showed considerable results when tested against
microbes isolated from diabetic foot infections [25]. The herbal extracts did
not show remarkable sensitivity against isolated bacteria as shown by some
standard antibiotics. This may be enhanced by dose adjustment and
standardizing the herbal extract. So, antimicrobial medicinal plants with
minimum cost and side effects may be a suitable alternative to synthetic
antibiotics.

4.1. Conclusion

The study’s results highlighted the antibacterial activity of different
herbal extracts, namely, mint, jamun, lemon, and pomegranate against
different bacteria isolated from patients with a diabetic foot infection.
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Jamun leaves extracted from plants showed a zone of inhibition against S.
epidermidis (12mm), K. pneumonia (10mm), E. coli (12mm), S. aureus,
Bacillus (11mm), and P. mirabili (10mm). Similarly, the mint extract
showed reasonable zoi against S. aureus (10mm), E. coli (11mm), and
Bacillus (8mm). The results of this study proved that herbal extracts could
be a good antibacterial agent with some changes and a better choice being
cheap and safe as compared to chemotherapeutic agents. Lastly, these
extracts may be used in the future to formulate antibacterial products for
tropical use or can be used in combination with synergistic effects.
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