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Introduction:-

Diabetic foot ulcer (DFU) is one of major complications of diabetes mellitus (DM). Patients with chronic diabetes
develop foot syndrome mainly due to triad of factors such as neuropathy, vascular changes and infections (Alavi et
al., 2014). Majority of Diabetic foot ulcers turns out to be highly infected with microorganisms, leading to increased
hospitalization, probable lower extremity amputations and increased mortality (Rogers et al., 2011). Bacterial
etiology of DFU are polymicrobial in nature, encompassing both aerobic and anaerobic bacteria (Sapico et al., 1980;
Sussman et al., 1992; Caballero et al., 1998; Abdulrazak et al., 2005; Charles et al., 2015).

Alarming increase in antibiotic resistance against bacterial isolates from diabetic foot ulcer has also been reported
(Goldstein et al., 1996; Cunha et al., 2000; Mendes et al., 2012). Most of the drug resistant bacteria are also capable
of producing biofilms and act synergistically with poly microbes present within the wound to form biofilm
communities (Murali et al., 2014). Increased prevalence of Multi drug resistance (MDR) organisms including
Methicillin Resistant Staphylococcus aureus (MRSA) strains (Djahmi et al., 2013), Extended Spectrum pB-
lactamases (ESBL) (Gadepalli et al., 2006) and NDM-1 (New Delhi metallo B-lactamase producing gram negative
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bacilli) (Srivastava et al., 2011) and even MDR Mycobacterium tuberculosis have been isolated from DFUs (Baveja
et al., 2010). Therefore it is crucial to come up with an alternate treatment strategy, in this crisis situation of
antibiotic drug resistance.

In India, various traditional health care systems such as Ayurveda, Siddha, Unani etc solely depends on the plants
and their products for the recovery of various ailments. Medicinal plants used traditionally found to contain several
phytochemical compounds that aid in recovery of infections (Patwardhan et al., 2004). Thus drugs developed from
the traditionally used medicinal plants, could provide higher routes to the invention, development and delivery of
latest medication with increased performance in terms of value, safety and effectiveness (Kong et al., 2009). In order
to elucidate the various properties of medicinal plants systematic research has to be done, so that the plant resources
won’t be destroyed due to improper use.

Plants which belongs to family Bignoniaceae are said to have significant medicinal values such as antioxidant
activity, antiviral activity (Kernan et al., 1998), antiplasmodial activity (Onegi et al., 2002), anti-diarroheal activity
(Longanga Otshudi et al., 2000), anti-microbial activity (Akunyili et al., 1991). Pajnelia Longifolia (Wild) Schum of
family Bignoniaceae is an evergreen deciduous trees widely distributed in India, Srilanka, Thailand, North Sumatra,
Natuna islands and Myanmar (Roy Choudhury et al., 2015). In India Pajnelia longifolia have been distributed in
Western Peninsular India, North East India and Nicobar islands (Chander et al., 2015). Traditional healers in the
tribal communities of Tripura have been using bark of Pajnelia longifolia for the treatment of Jaundice (Kumar
Anil., 2007). Tribal communities of Assam have been using leaves of Pajnelia longifolia for the treating skin and
nail infections (Chin et al., 2007). Ethnomedical practioners of Dakshina kannada district of Karnataka state uses
pajnelia leaves for treating eczema (Padayana, 2011). Thus the aim of the present study is to identify various
secondary metabolites present in petroleum ether, ethyl acetate, ethanol and aqueous extract of Pajnelia longifolia
leaf through phytochemical and GC-MS analysis and evaluation of its antibacterial potential against standard
bacterial strains and antibiotic resistant bacterial isolates from Diabetic Foot Ulcer.

Materials & Methods:-

Ethics:-

The research was approved by the Institutional Human Ethical Commitee of Annamalai University (Ref
No:M18/RMMC/2015) for the collection of the pus sample to determine the bacteriological profile and antibiotic
susceptibility pattern from Diabetic Foot Ulcer patients admitted to Rajah Muthiah Medical College, Annamalai
University.

Collection of Plant material:-

Plant leaves were collected from the forest areas of Western Ghats, South India from the month of June 2016. The
plants were identified and authenticated by Kerala Forest Research Department (KFRI/SILVA/GEN16). The plant
material was thoroughly washed with clean water allowed to shade dry. The dried leaves were pulverized to coarse
powder and kept in an airtight container.

Preparation of Plant extract:-

Dried pulverized plant material was successively extracted with series of selected solvents from high to low polarity
such as Petroleum ether, Ethyl acetate, Ethanol and Aqueous. 350gm of plant material was exhaustively extracted
with 2 liters of respective solvents successively for twelve hours in a soxhlet apparatus. At the end of each
extraction, the plant material was dried and then repacked for the next course of extraction. The crude extract
obtained at every step was filtered with whatmann No.1 filter paper, was concentrated using rotary evaporator under
reduced pressure and stored at 4°C.

Preliminary phytochemical screening:-
All the extracts were analyzed for preliminary phytochemical qualitative screening to identify the presence of
various secondary metabolites as per methods given by Harborne. (1998).

Gas Chromatography-Mass Spectroscopy (GC-MS) Analysis:-

2 ul of the ethanol, ethyl acetate extract of leaves of Pajnelia longifolia was employed for GC-MS analysis. These
extracts were dissolved in HPLC grade methanol and subjected to JEOL GCMATE Il GC-MS. The column (HP5)
was amalgamated with silica 50 m x 0.25 mm I.D. Analysis settings were positioned to 20 min at 100°C, 3 min at
235°C for column temperature, 240°C for injector temperature, carrier gas was helium with split ratio of 5:4. The
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running time of the sample was about 22 min. The compounds identified their molecular weight and structure of the
compounds of test materials were determined by interpretation on mass spectrum of GC-MS using the database of
National Institute Standard and Technology (NIST) library.

Antibacterial Assays:-

Bacterial isolates:-

Antibiotic Susceptibility pattern of Clinical bacterial isolates from Diabetic foot ulcer was determined by disc
diffusion method according to the standard guidelines prescribed by Clinical And Laboratory Standards Institute
(CLSI., 2016) .Clinical isolates that exhibited Multi drug resistance were confirmed tested with VITEK 2® Compact
automated system (bioMérieux, Marcy 1’ Etoile, France) using GN Test Kit VTK2/GP Test Kit VTK2 were included
in the study. Reference type strains of Staphylococcus aureus (ATCC 29213), Escherichia coli (ATCC 25922),
Pseudomonas aeruginosa (ATCC 27853), Enterococcus faecalis (ATCC 29212) obtained from CSIR-National
Chemical Laboratory, Pune were also included in antibacterial study.

Preliminary evaluation of antibacterial activity by disc diffusion Method:-

Disc diffusion assay of plant extract was done by Kirby-bauer method (Bauer et al., 1966) as per CLSI guidelines
(CLSI, 2016). Sterile Whatmann No.1 filter paper discs of 6 mm diameter of each were impregnated with 24 mg/ml,
48 mg/ml of plant extract dissolved in 20% Dimethyl Sulphoxide (DMSQO) (Fischer-Scientific). Bacterial
suspensions were prepared in columbia based blood agar (Himedia Laboratories) from overnight growth and the
turbidity was adjusted to 0.5 McFarland standards that gives a colony count of approximately 1x10%cfu/ml. Using a
sterile swab lawn culture of organisms was prepared on Muller Hinton Agar (Himedia Laboratories) and disc
impregnated with plant extract was placed along with positive control antibiotic Vancomycin (30 pg) for Gram
Positive organisms, Colistin (10 pg) for Gram Negative organisms and negative control (20% DMSQO). The plates
were incubated at 37°C for 24 hours, the zone of inhibition of each well was measured and values were noted.

Determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration
(MBC):-

MIC was determined by Macro dilution method (Wiegand et al., 2008). Plant extracts were serially diluted with
Muller Hinton broth (Himedia laboratories, India) and bacterial suspensions were prepared according to manner
described in disc diffusion were added to tubes containing plant extracts to obtain final desired concentrations of
0.19 mg/ml to 48 mg/ml. The inoculated tubes were incubated for 37°C for 24 hours under aerobic conditions.
Vancomycin for Gram Positive organisms and Colistin for Gram Negative organisms, in a concentration ranging
from 0.125 pg/ml to 512 pg/ml. Turbidity was checked after 24 hours of incubation. The lowest concentration of
extract that produced no visible growth was considered as MIC.

For the determination of the MBC, tubes that produced no visible growth were gently mixed 100 pl were pipette
onto a sterile blood agar plates and allowed to dry. The growth control and sterility control tubes were subcultured in
same manner. All the test plates checked for the colony count after overnight incubation. Concentration of the
extract that inhibited the growth of bacterial colony are considered as MBC and was calculated by comparing final
inoculums volume with number of colonies as rejection values as per CLSI guidelines (CLSI, 1999).

Statistical Analyses:-

All the experiments were performed in triplicates, with the results being expressed as Mean = SEM of three
Independent experiments. The means were statistically compared using One-way ANOVA followed by post hoc
Dunnett's Multiple Comparison’s test by using GraphPad Prism version 5. P<0.05 was considered as statistically
significant.

Results and Discussion:-

Phytochemical Analysis:-

Preliminary phytochemical screening of various extracts of P. longifolia leaf summarized in Table.1, identified the
presence of phytochemical constituents such as terpenoids, tannins, saponins, flavanoids, glycosides, reducing
sugars in ethyl acetate and ethanol extracts of P. longifolia leaf. Parul Sharma et al (2013) also have identified the
presence of flavanoids, in the ethyl acetate fractions of P.longifolia leaf collected from Cachar district of North East
India. Latha et al (2013) and Padayana et al (2011) also has identified the presence of alkaloids, steroids,
carbohydrates, saponins and glycosides from the bark extracts P. longifolia.

909



ISSN: 2320-5407 Int. J. Adv. Res. 5(4), 907-915

Table 1:- Preliminary phytochemical screening of various extracts of P. longifolia leaf.

Phytochemical Petroleum Ether Ethyl acetate Ethanol Ageuous
constituents

Alkaloids -

Flavanoids -

Triterpenoids -

Phenolics -

Tanins -

[+ |+ ]+
1

Saponins -

Glycosides -

Steroids -

||+ |||+

+ [+

Reducing Sugars -

Protein -

+ Present, - Not Present

GC-MS Analysis:-

GC-MS chromatogram of ethyl acetate and ethanol extracts of P. longifolia identified the major chemical
compounds after comparing the mass spectra with NIST library. GC-MS chromatogram of ethyl extract of P.
longifolia leaf (Figure.la) identified and quantified significant phytocomponents described in Table.2. GC-MS
profile of the ethanol extract of P. longifolia showed 6 major peaks (Figure.1b) also described in Table.3.

Table 2:- The phytochemical compounds present in ethyl acetate extract of P. longifolia leaf.

GC-MS profile of Ethyl acetate of P. longifolia Retention time Peak area % Peak Area
1,2,4-Methenoazulene,decahydro-1,5,5,8a-tetramethyl- 17.57 1660630 11.44%
[1S-(10,20,3aB,40,8af,)]
3,7,11,15-tetramethyl-2hexadecen-1-ol (synonym: 18.97 5279228 36.37%
Phytol)
3,7,11,15-tetramethyl-2hexadecen-1-ol (synonym: 19.87 7572568 52.17%
Phytol)

Previous literature has been reported Phytol for its significant antimicrobial activity against Mycobacterium
tuberculosis (Rajab et al., 1998), dose dependent inhibition against S. aureus (Inoue et al., 2005). Phytol also
reported for its antioxidant, antiallergic (de Fatima et al., 2006) and exhibited remarkable immunostimulant
properties boosting both innate and acquired immunity (Lim et al., 2006). Palmitic acid also reported for its
antibacterial and cytotoxicity activity against cancer cell lines and hepatoprotective activity (Dineshkumar &
Rajakumar., 2015). Flavones have also been reported for its anti-microbial, anti-inflammatory, anti-proliferative,
antioxidant, anti-tumor, estrogenic, acetyl cholinesterase activities. (Singh et al., 2014).

Table 3:- The phytochemical compounds present in ethanol extract of P. longifolia leaf.

GC-MS profile of Ethanol extract of P. longifolia Retention time Peak area % Peak Area
(4,4-Dimethyl-2,4,5,6-tetrahydro-1H-inden-2-yl)acetic 12.12 903744 11.44%
acid
Flavone 14.17 2563280 13.50%
9,12-Hexadecadienoic acid, methyl ester 15.98 1742816 9.18%
Hexadecanoic acid, ethyl ester (synonym: Ethyl 17.78 3396660 17.89%
palmitate)
3,7,11,15-tetramethyl-2-hexadecen-1-ol (synonym: 18.97 6577686 34.65%
Phytol)
9,12,15-Octadecatrienoic acid, ethyl ester 19.50 3800566 20.01%
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Figure 1:- GC-MS Chromatogram of (a) Ethyl acetate extract of P. longifolia (b) Ethanol extract of P. longifolia

Antibacterial Activity:-

Table.4 demonstrates the zone of inhibition of various extracts of P. longifolia leaf against standard bacterial strains
and antibiotic resistant bacterial isolates from DFU by disc diffusion assay. MDR clinical isolates and ATCC
bacterial strains exhibited significant activity against ethyl acetate and ethanol extracts of P. longifolia. Significant
increase in the zone of inhibition was exhibited by P. aeruginosa ATCC 27853 against ethanol extract of P.
longifolia. MDR- A. baumanii and MDR- E. coli was also significantly inhibited by Ethyl acetate extract of P.
longifolia. All the other organisms exhibited moderate range of inhibition against ethyl acetate and ethanol extract of
P. longifolia. Petroleum ether extract and aqueous extract of P. longifolia leaf were least effective against all
organisms. However less potency of plant extracts can be explained as a due to the mixtures of phytochemical
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compounds in the plant extract whereas control antibiotics possess pure synthetic compound. Negative control (20%
DMSO) did not produce any zones.

Parul Sharma et al., 2013 demonstrated that ethyl acetate extract of P. longifolia leaf exhibited significant inhibition
against S. aureus. Zainab et al., 2013 also has demonstrated greater activity of ethanol extracts of P. longifolia bark
against Vibrio parahaemolyticus and Bacillus subtillis at a concentration of 5mg/ml. Choudhary et al., 2010
demonstrated significant inhibitory activity of acetone extract of the P. longifolia leaves against Staphylococcus sp.
followed by Streptococcus sp., Klebsiella sp. and E. coli. In this study Ethyl acetate and ethanol extracts of
P. longifolia leaf has exhibited significant inhibition zone against MDR bacterial strains as well as standard bacterial
strains. Suresh et al., 2012 has shown highest activity of methnol and isopropanol extracts of T.chebula against
MDR Diabetic foot isolates of S. aureus and P. aeruginosa . Presence of biological active compounds (flavanoids,
tannins, saponins, phenolics) and compounds identified through GC-MS analysis account for higher antibacterial
activity against wild and standard gram negative and gram positive organisms.

Based on MIC/MBC ranges summarized in Table.5, ethyl acetate and ethanol extracts of P. longifolia leaf were only
significant against MDR clinical isolates from DFU as well as against standard bacterial strains. The minimum
inhibitory concentration (MIC) of Ethyl acetate extract and ethanol extracts of P. longifolia leaf against all bacterial
strains ranged between 12 mg/ml to 48 mg/ml.

Table 4:- Mean zone of inhibition (mm) ? of different crude leaf extracts of P. longifolia by disc diffusion® assay

Bacterial | Petroleum Ether Ethyl Acetate Ethanol Agueous Control® | Antibiotic®
Strains 4mg/ml | 48mg/ | 24mg/ | 48mg/ | 24mg/ | 48mg/ | 24mg/ | 48mg

ml ml ml ml ml ml /ml
S.aureus 9.33% 11.67+ | 16.33+ | 19.33+ | 12.67+ | 15.00= | 6.00+ 6.00x 19.67+
ATCC 0.33 1.20 0.67 0.67 0.33 0.58 0.00 0.00 - 0.88
29213
P.aerugin | 8.00+ 9.00+ 11.00+ | 12.00+ | 24.33+ | 25.33t | 6.00+ 6.00x 13.33%
osa 0.00 0.58 0.58 0.58 0.33™" 0.337" | 0.00 0.00 0.88
ATCC )
27853
E.faecalis | 6.00+ 6.00+ | 11.00+ | 14.00+ | 10.33+ | 14.00+ | 6.00+ 9.00x 18.33+
ATCC 0.00 0.00 0.00 1.00 0.33 0.58 0.00 0.00 - 0.88
29212
E.coli 9.33+ 10.33+ | 11.67+ | 14.00+ | 11.67+ | 12.33+ | 6.00+ 6.00+ 16.00+
ATCC 0.33 0.33 0.67 0.58 0.88 0.88 0.00 0.00 - 1.16
25922
MDR- 6.00+ 6.00+ 6.33+ | 11.00+ | 6.00+ | 6.00+ 6.00+ | 6.00+ 18.67+
MRSA 0.00 0.00 0.33 0.58 0.00 0.00 0.00 0.00 ) 0.67
MDR- 6.00+ 9.00+ | 12.00+ | 14.33+ | 11.00+ | 14.67+ | 6.00+ 6.00+ 16.00+
P.aerugin | 0.00 0.58 0.58 0.33 0.58 0.67 0.00 0.00 - 0.00
osa
MDR- 8.67+ 8.67+ | 16.33+ | 18.00+ | 13.00+ | 13.67= | 6.00+ 9.00x 12.00+
Abauman | 1.33 1.33 1.20° | 153" | 0.58 0.33 0.00 0.00 - 1.16
ii
MDR- 6.00+0. | 9.67+ | 12.00+ | 16.0+ 11.00+ | 12.33+ | 6.00% 9.00% 13.00+
E.coli 00 0.33 0.58 0.58" 0.58 1.20 0.00 0.00 ) 0.58

“diameter zone of inhibition (mm) including the disk diameter of 6mm:; ® mean of three assays +standard error mean:;
¢ negative control 20% DMSO;  antibiotic positive control

Vancomycin 30ug/disc for gram positive and Colistin 10pg/disc for gram negative bacteria. =~ P<0.001, ~P<0.01,
“P<0.05. P<0.05 was considered as statistically significant.
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The MBC values were 2—4 folds higher than MIC values for the extract. P. aeruginosa ATCC 27853 against ethanol
extracts of P. longifolia, E. coli ATCC 25922 and MDR clinical isolate A. baumanii showed lowest value of
MIC/MBC (MBC-MIC ratio of 2) against ethyl acetate extracts of P. longifolia leaf indicating its significant
bactericidal properties. Zhang et al., (2015) also has demonstrated bactericidal property of Mentha arvensis ethanol
extract against MDR A. baumanii at a MIC of 23.5 pg/ml. Ethanol extracts of P. longifolia leaf exhibited significant
MIC values against all clinical MDR bacterial isolates and standard bacterial strains except E. faecalis ATCC
29212. Petroleum ether and aqueous extracts of P. longifolia leaf were least effective based on highest value of
MIC/MBC results. P. aeruginosa, Enterobacteriaceae, S. aureus and Enterococci, acted to varying extents about
0.13-8 mg/ml against the methanol extracts of E. abyssinica, T. spinosa, X. caffra, and the stem bark of A. indica
(Fabry., 1998). Studies by Carrington et al (2012) on methanol and acetone extracts Barbadian Medicinal Plants
against the bacteria S. aureus ATCC 25923, P. aeruginosa ATCC 27853, and clincal strain E. feacalis from diabetic
wounds yielded no antimicrobial activity, whereas in the present study ethyl acetate and ethanol extracts of P.
longifolia where moderately effective against clinical bacterial strains isolated from DFU as well as against ATCC
bacterial strains.

Table 5:- MIC and MBC values of Crude leaf extracts of P. longifolia.

Bacterial Strains Petroleum Ethyl Acetate Ethanol Aqueous Control
Ether (mg/ml) (mg/ml) (mg/ml) (mg/ml) Antibiotic”
MIC MBC MIC MBC MIC MBC | MIC | MBC

S. aureus ATCC 29213 >48 >48 24 48 24 48 >48 >48 0.5

P. aeruginosa ATCC | >48 >48 12 48 12 24 >48 >48 1

27853

E. faecalis ATCC 29212 | >48 >48 24 >48 48 >48 >48 >48 1

E. coli ATCC 25922 >48 >48 12 24 48 >48 >48 >48 1

MDR-MRSA >48 >48 12 48 12 >48 >48 >48 1

MDR- P. aeruginosa >48 >48 12 48 24 >48 >48 >48 0.5

MDR-A. baumanii >48 >48 12 24 24 48 >48 >48 0.5

MDR-E. coli >48 >48 12 48 24 48 >48 >48 0.5

*Control Antibiotic, Vancomycin for gram positive and Colistin for gram negative bacteria

Our present study identified the presence of various phytochemical constituents in ethyl acetate and ethanol extracts
of P. longifolia leaf and also major chemical compounds were analyzed through GC-MS. Antibacterial studies of
plant extracts against MDR bacterial isolates from DFU and ATCC bacterial strains displayed moderate range of
bactericidal properties. However, further studies should be done on isolation and identification of the
pharmacologically active compounds to understand the exact molecular mechanism of action. The purified
constituents contributing to antibacterial activity would be then used for novel cost-effective drug leads.
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