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Abstract: This study appraises the antioxidant and antimicrobial attributes of various
solvent extracts (absolute methanol, aqueous methanol, absolute ethanol, aqueous ethanol,
absolute acetone, aqueous acetone, and deionized water) from bark, leaves and seeds of
Pongamia pinnata (L.) Pierre. Maximum extraction yield of antioxidant components from
bark (16.31%), leaves (11.42%) and seeds (21.51%) of P. pinnata was obtained using
aqueous methanol (20:80). Of the extracts tested, the bark extract, obtained with aqueous
methanol, exhibited greater levels of total phenolics [6.94 g GAE/100 g dry weight (DW)],
total flavonoids (3.44 g CE/100 g DW), inhibition of linoleic acid peroxidation (69.23%)
and DPPH radical scavenging activity (ICso value, 3.21 pug/mL), followed by leaves and
seeds extracts. Bark extract tested against a set of bacterial and fungal strains also revealed
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the strongest antimicrobial activity with the largest inhibition zone and lowest minimum
inhibitory concentration (MIC). HPLC analysis of aqueous methanol extracts from bark,
leaves and seeds indicated the presence of protocatechuic, ellagic, ferulic, gallic, gentisic,
4-hydroxybenzoic and 4-hydroxycinnamic acids in bark (1.50-6.70 mg/100 g DW); sorbic,
ferulic, gallic, salicylic and p-coumaric acids in leaves (1.18—4.71 mg/100 g DW); vanillic,
gallic and tannic acids in seeds (0.52—0.65 mg/100 g DW) as the main phenolic acids. The
present investigation concludes that the tested parts of P. pinnata, in particular the bark,
have strong potential for the isolation of antioxidant and antimicrobial agents for functional
food and pharmaceutical uses.
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1. Introduction

Currently there is much interest in the uses of plant-based natural antioxidants, especially the
phenolic acids and flavonoids, because of their functional food and nutraceutical potential [1]. Such
natural substances possess anticarcinogenic activity and offer diverse health-promoting effects due to
their antioxidant and radical scavenging properties [1,2]. In this context, a huge number of medicinal
plants are known to produce such bioactives with potential antioxidant and antimicrobial activities [3,4].
The phenolic acids, which can inhibit pathogens growth and have little toxicity to host cells are also
promising candidates for developing new antimicrobial drugs. Consequently, there is growing interest
in developing many plant-derived drugs with multiple biological functions to use for the treatment of
various infectious diseases [5,6].

Pongamia pinnata (L.) Pierre [Synonyms: Derris indica (Lam.) Bennett, Derris pinnata Lour,
Millettia novo-guineensis Kane and Hat, Pongamia glabra Vent, Cytisus pinnatus L,
Pongamia pinnata Merr.] belonging to the family Fabaceae (Papilionaceae), is widely distributed in
tropical Asia, Australia, Polynesia and Philippine Islands. In Pakistan, this plant is locally known as
“Sukh Chain” and is cultivated in all the four provinces of the country. Traditionally, different parts of
P. pinnata such as bark, leaves, seeds, roots, flowers and stem have been utilized in the native
medicine systems of different civilizations [7]. The flowers of this plant have been found to possess
anti-hyperglycemic and anti-lipid peroxidation properties [8]. Its bark is used in piles; leaves are
effective as a medicated bath and in rheumatic pains while the seeds are used in hypertension,
bronchitis, whooping cough, skin diseases and rheumatic arthritis [9—-11]. Roots are used for cleaning
gums, teeth, and ulcers and also effective in gonorrhea [12,13]. Flavones, isoflavones, chalcones,
furanoflavonoids and pyranoflavonoids have been reported as the main phenolic constituents from
various parts of the investigated plant [10,14—17]. A furanoflavone, karanjin, isolated from the seeds of
this plant possesses insecticidal and antibacterial properties. Alcoholic extracts of P. pinnata seed oil
showed activity against both Gram positive and Gram negative bacteria. The oil has been applied in
scabies, herpes, leucoderma and other cutaneous diseases. Internally, it has sometimes been used as a
stomachic and cholagogue in case of dyspepsia with sluggish liver [10].
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Although several reports have revealed the medicinal uses of this valuable plant, however to the
best of our knowledge, no detailed work has been conducted so far on the antioxidant and
antimicrobial properties of bark, leaves and seeds of P. pinnata indigenous to Pakistan. As a part of
our systematic studies on the investigation of antioxidant and biological attributes of local medicinal
plants [18,19], the present study was undertaken with the main objective to screen different parts of
this potential plant for antioxidant and antimicrobial attributes and to determine their individual
phenolic acid profiles using HPLC.

2. Results and Discussion
2.1. Extract Yields

The extract yields of antioxidant components from bark, leaves and seeds of P. pinnata by different
extraction solvents are shown in Table 1. The extract yields from bark, leaves and seeds varied from
1.92-16.31, 1.50-11.42 and 5.44-21.51 g/100 g of dry weight (DW), respectively, showing significant
differences among the parts tested. Within the different parts and extraction solvents, aqueous
methanol seeds extract showed the maximum yield followed by bark and leaves extracts. The
extracting ability of different solvents for the parts tested followed the order: aqueous methanol >
aqueous ethanol > absolute ethanol > absolute methanol > deionized water > aqueous acetone >
absolute acetone. These trends are supported by the investigation of Siddhuraju and Becker [20], who
revealed that aqueous methanol and aqueous ethanol are effective solvents to extract antioxidant
compounds from plant material [20]. Significant (p < 0.05) differences of extract yield among different
solvents and plant parts might be attributed to the varied polarity of solvents as well as the availability
of different extractable components in each part of plant.

2.2. Total Phenolics Content (TPC)

The TPC, recovered from bark, leaves and seeds extracts of P. pinnata, ranged from 1.19-6.94,
0.89-3.83, and 0.06-0.71 g GAE/100 g DW, respectively (Table 1). Among different solvent tested,
aqueous methanol showed excellent efficacy towards extraction of maximum TPC from bark (6.94 g
GAE/100 g DW) followed by leaves (3.83 g GAE/100 g DW) and seeds (0.71 g GAE/100 g DW).
The TPC of selected plant parts varied significantly (p < 0.05) among different solvent extracts. The
TPC of the bark and leaves were higher than those investigated in a previous study for methanolic
extract of P. pinnata stem (1.02 g/100 g DW) and leaf (1.22 g/100 g DW), however, the present values
for seeds were lower than that reported previously (0.96 g/100g DW) [21]. The present amount of total
phenolics in the leaves were also higher than those reported previously for methanolic extract of leaves
(0.86 g GAE /100g) of P. pinnata [22,23]. Variation in the phenolic contents of various solvent
extracts might be attributed to the polarities of different solvents as well as the chemical nature of the
endogenous extractable compounds [24].
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Table 1. Yields and antioxidant activity of different solvent extracts from bark, leaves, and seeds of P. pinnata.

3920

Parameters Solvent extracts
Absolute Absolute Absolute Deionized
Bark Aqueous ethanol Aqueous methanol Aqueous acetone
ethanol methanol acetone water

Yield (%) 1201 £036°  1251+046® 10.02+0.35% 1631 £0.45° 1.92 £ 0.04 ¢ 491+0.15¢ 9.70+£0.23°

Total phenolic content (g GAE/100 gDW)  3.21+0.02 ¢ 422+0.04°¢ 5.11+0.03° 6.94+0.04° 1.19+0.02°¢ 221+0.03° 121+0.01°¢
Total flavonoid content (g CE/100 g DW)  1.26+0.01 ™ 2.28+0.01° 234+0.02% 3.44+0.04° 0.92+0.01° 1.06 =0.01 0.85+0.01°
DPPH, ICs, (ug/mL) 7.13+£0.36® 6.18+0.28° 5.14+0.42"% 321+0.16° 10.42+0.30°  8.58+0.37®  10.01+0.25°

Inhibition of linoleic acid peroxidation (%) 37.37+1.70>  4452+3.51"™  4823+233° 6923 +1.62° 2847+1.81°¢  32.12+254°  20.51+1.429
Reducing power for 10 mg/mL extract conc. 125+ 0.04° 1.41+£0.04™ 1.58+£0.03° 1.73£0.05° 0.79+0.03 ¢ 093+0.06°  0.55+0.04¢

Leaves

Yield (%) 9.81+0.51° 10.12+0.81° 8.84+0.32° 11.42+0.74° 1.50 +0.02 ¢ 472+0.19° 8.63+0.52°

Total phenolic content (g GAE/100 g DW)  2.02+0.05 ®° 2.81+0.08° 2.40+0.07° 3.83+£0.12° 1.01 +0.02 " 1.21+0.05" 0.89 +0.04 °
Total flavonoid content (g CE/100 gDW) 026 +0.01 0.34+0.05° 0.38+0.06° 0.61+0.05* 0.10£0.01° 0.22+0.05° 0.18+0.01°
DPPH, ICs (ug/mL) 8.16+0.16" 7.83+£0.25°¢ 6.0+£0.31° 4.42+0.03¢ 12.12+13%®  10.03+0.15°  16.46+0.25°

Inhibition of linoleic acid peroxidation (%)  32.71+1.72 " 36.22+1.21° 42.14+1.52% 50.65+2.24° 214422 2543+1.20° 16.85+2.0¢
Reducing power for 10 mg/mL extract conc.  1.18 £0.04° 1.36+0.04 ® 1.52+£0.03 % 1.64+£0.04° 0.62+0.03° 0.79+0.05  0.43+0.02¢
Seeds

Yield (%) 18.02+£2.1% 19.70 1.8 % 14.61£041° 2151+1.6° 5.44+035° 126 +0.50®  14.40+0.69°

Total phenolic content (g GAE/100 gDW)  0.28 +0.01 ¢ 0.36+0.08 ° 0.54+0.03° 0.71£0.05* 0.07+0.003°  0.16+0.01% 0.06+0.02 ¢
Total flavonoid content (g CE/100 g DW)  0.08 £ 0.00 ™ 0.10+0.01° 0.05+0.01°¢ 0.21+0.03° 0.02+0.00¢ 0.05+0.01° 0.09 +0.01 ™
DPPH, ICs, (ug/mL) 26.09+£033®  21.9+037° 19.33+0.05°¢ 15.7+0.08 ¢ 36.2+0.41° 30.13+0.3° 38.0+1.15°

Inhibition of linoleic acid peroxidation (%) 16.66+1.56>  18.44+1.62>  21.71+3.12° 28.54+231° 11.17+£0.71¢  13.22+0.73°¢ 10.58 0.6 ¢
Reducing power for 10 mg/mL extract conc.  0.27 + 0.06 ° 0.29+0.06° 0.33+0.06° 0.35+0.07° 0.12+0.04 ¢ 0.15+0.05 0.09+0.03 ¢

Values are mean + SD of three separate experiments. Different superscript letters within the same row indicate significant (p < 0.05) differences of means within the extracting solvents.
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2.3. Total Flavonoids Content (TFC)

The TFC of bark, leaves and seeds extracts of P. pinnata with different solvents, ranged from
0.85-3.44,0.10-0.61 and 0.02-0.21 g CE/100 g DW, respectively (Table 1), showing significant (p < 0.05)
variations among different solvents. Of the extracts tested, aqueous methanol extract of bark (3.44 g
CE/100g DW) showed the highest levels of total flavonoids, followed by leaves (0.61 g CE/100g DW)
and seeds (0.21 g CE/100g DW). Variations of TFC among different solvent extracts might be
attributed to the varied polarity of the solvents used, while difference of TFC among plant parts might
be linked to the factors such as natural chemical composition of the material, maturity at harvest, soil
state and post-harvest storage conditions [25]. The TFC of aqueous methanol extract of leaves
(0.61 CE/100 g DW) in this study was higher than that reported previously for methanolic extract
(0.24 g/100 g quercetin equivalent) of leaves of P. pinnata [23], however, no report was available on
the TFC of bark or seed extracts of this plant for comparison with the data of present analysis.

2.4. HPLC Analysis of Phenolic Acids

Among the extraction solvents used, aqueous methanol was found to be the most efficient to extract
higher amounts of total phenolics from bark, leaves and seeds of P. pinnata. Therefore, aqueous
methanol extracts from the three tested parts were further analyzed by HPLC to quantify targeted
individual phenolic acids (Table 2). Of the thirty phenolic compounds analyzed by HPLC, only
seventeen were identified in bark, leaves and seeds extracts of P. pinnata. These compounds showed
significant quantitative variations (p < 0.05) among different plant parts. Protocatechuic acid (2.43 mg/
100 g DW), ferulic acid (2.17 mg/100 g DW), gallic acid (6.70 mg/100 g DW) and 4-hydroxy benzoic
acid (2.15 mg/100 g DW) were the main phenolic acids in the bark. Others such as sorbic acid
(1.21 mg/100 g DW), ferulic acid (1.12 mg/100 g DW), gallic acid (4.71 mg/100 g DW), salicylic acid
(1.18 mg/100g DW) and, p-coumaric acid (1.19 mg/100g DW) were found to be the major phenolics in
leaves, while vanillic acid (0.52 mg/100 g DW), gallic acid (0.65 mg/100 g DW), and tannic acid
(0.57 mg/100 g DW) mainly existed in the seeds extract.

The identified phenolic compounds are known to have antioxidant and medicinal properties [26-28].
Gallic acid, which is efficiently absorbed in human body, shows positive effects against cancer cells
under in vitro conditions [29]. Another phenolic component, p-coumaric acid is believed to reduce the
risk of stomach cancer by reducing the formation of carcinogenic nitrosamines [30]. There was no
report available in literature on the composition of individual phenolic acids in the bark, leaves and
seeds of P. pinnata for comparison of the results of our present experiment.

2.5. Percentage Inhibition of Linoleic Acid Peroxidation

The antioxidant activity of an extract can be assessed by its ability to retard linoleic acid
peroxidation in a model system [31]. Therefore, this assay was used to assess the antioxidant activity
of bark, leaves and seeds extracts of P. pinnata. Linoleic acid is a C-18 polyunsaturated fatty acid,
under test conditions due to oxidation it produces peroxides which oxidize Fe*" to Fe**. The ferric ion
(Fe’™) forms colored complex with SCN', the intensity of which is examined colorimetrically by
measuring the absorbance at 500 nm. A higher absorbance means a higher concentration of peroxides
formed during the reaction, with subsequent sign of lower antioxidant activity.
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Table 2. HPLC quantification of aqueous-methanol soluble phenolic components

(mg/100 g DW) identified in different parts of P. pinnata.

Compounds Bark Leaves Seeds
Protocatechuic acid 243+0.14° 0.91 £0.06" 0.46+0.16 °
Sinapic acid 0.26 +£0.01 ND ND
Sorbic acid 0.34+0.03° 1.21+0.02° 0.02+0.00 °
Ellagic acid 1.50+£0.13° 0.10+0.11% 0.40+0.16°
Ferulic acid 2.17+0.16° 2.12+0.13° ND
Syringic acid 0.74 £0.05° 0.50 £ 0.06° 0.18£0.02°¢
Vanillic acid 0.56 +0.06* ND 0.52+0.06*
Gallic acid 6.70+0.31° 4.71+0.24° 0.65+0.06°¢
Chlorogenic acid 0.78£0.04* 0.70£0.05* 0.15+0.16°
Gentisic acid 1.60 £ 0.04 * 0.50£0.16 " ND
Salicylic acid 0.14+0.02° 1.18+0.01° ND
Caffeic acid 0.31+£0.06" 0.27+0.02° 0.08 +0.01°
p-Coumaric acid 0.26+0.02° 1.19+0.05° 0.04+0.16°
m-Coumaric acid 0.53 +£0.08 ND ND
Tannic acid 1.02+0.06* 0.13+0.03 ¢ 0.57+0.03°
4-Hydroxybenzoic acid 215+0.11° 0.29+0.01° 0.11+0.16°
4-Hydroxycinnamic acid 1.87+0.06° 0.36+0.02° ND

Values are mean + SD of three separate experiments. Different superscript letters within the same
row indicate significant (p < 0.05) differences of means within the plant parts.

Table 1 summarizes the percent inhibition of linoleic acid peroxidation as exhibited by different
solvent extracts of the tested parts of P. pinnata. Bark extracts exhibited higher inhibition of
peroxidation ranging from 20.51 to 69.23%, followed by leaves (16.85-50.65%) and seeds
(10.58-28.54%) extracts. The results were compared with butylated hydroxy toluene and ascorbic acid
as positive controls, which offered inhibition of linoleic acid peroxidation at levels of 85.11% and
49.28%, respectively. Among the different solvent extracts tested, aqueous-methanol extract offered
significantly (p < 0.05) higher inhibition of peroxidation relative to the others. The efficacy of plant
extracts obtained with different solvents for inhibition of linoleic acid peroxidation followed the order:
aqueous methanol > absolute methanol > aqueous ethanol > absolute ethanol > aqueous acetone >
absolute acetone > deionized water.

2.6. DPPH Radical Scavenging Activity

DPPH radical scavenging assay is relatively a rapid and sensitive approach to evaluate the
antioxidant activity of a specific compound or plant extract [32]. In this test, proton donor species such
as phenolic antioxidants quench free radicals and the magnitude of which is measured colorimetrically
in terms of ICso. The lower ICsy values reflect the greater potency for antioxidant activity of the
extracts. The results for DPPH free radical scavenging activity (ICsy values) of P. pinnata bark, leaves
and seeds extracts, produced by different solvents, are presented in Table 1. The bark extracts showed
lower ICsy values (3.21-10.01 pg/mL) indicating higher radical scavenging activity, as compared to
leaves (ICsy values 4.42—-16.46 ng/mL) and seeds (ICsy values15.7-38.0 pg/mL) extracts. A stronger
radical scavenging capacity of bark extracts, compared with leaves or seed extracts, might be linked to
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the presence of higher amounts of phenolic acids and flavonoids in this part of the plant. It is widely
accepted that the, antioxidant activity of a plant material is strongly correlated with the amount of
phenolics, as well as the degree of hydroxylation of the phenolics, and other chemicals structural
features [33]. Among the extracts, aqueous-methanol extract was found to be superior and showed
significantly (p < 0.05) stronger DPPH radical scavenging potential. The effectiveness of extracts
obtained in different solvents in extraction of DPPH radical scavengers from the parts tested followed
the order: aqueous methanol > absolute methanol > aqueous ethanol > absolute ethanol > aqueous
acetone > absolute acetone > deionized water. Free radical scavenging capacity of leaves and bark
extracts in the present study was found to be greater than that of the methanol extracts of leaves
(ICsp: 40 pg/mL) and stem (ICsy: 250 pg/mL) of P. pinnata as investigated previously [21]. The free
radical scavenging activity of leaves extract in this study was also found to be greater than that of
methanolic extract of the leaves (ICso: 192 pg/mL) of P. pinnata reported in an earlier study [23].

2.7. Reducing Power of Extracts

The typical trends found during the measurement of reducing potential can describe some aspects of
antioxidant activity of the plant extracts. In this method, ferric (Fe’") ions are reduced to ferrous (Fe*")
ions which result change in color from yellow to bluish green. The intensity of color depends on the
reducing potential of the compounds present in the extract medium. Greater the intensity of the color,
greater will be the absorption; consequently, greater will be the antioxidant activity [34].

The reducing potential of different solvent extracts (concentrations varying from 2.5-10.0 mg/mL)
from selected parts of P. pinnata gradually increased showing a concentration-dependent effect (data
not shown). The reducing powers recorded for different solvent extracts (at concentration 10 mg/mL)
from bark, leaves and seeds of the subject plant are presented in Table 1. As expected, the
aqueous-methanol extract of bark (absorbance value = 1.73) exhibited highest reducing power
followed by leaves (absorbance value = 1.64) and seeds (absorbance value = 0.35) extracts at the same
concentration. The variation in reducing powers among different solvent extracts was found to be
statistically significant (p < 0.05). The reducing power of aqueous methanolic bark extract in this study
was comparable to that observed by Babu et al. [23], for flower extracts of P. pinnata, however, there
are no earlier reports available on the reducing potential of leaves and seeds of this plant with which to
compare the present results.

2.8. Antimicrobial Activity

Antimicrobial activity of the bark, leaves, and seeds extracts of P. pinnata against six pathogenic
bacteria and fungi is shown in Table 3, Table 4 and Table 5, respectively. The antimicrobial activity of
various solvent extracts for selected plant part varied significantly (p < 0.05). Among the different
solvent extracts, the aqueous methanol extract of bark exhibited the strongest antimicrobial activity
followed by leaves and seeds extracts with zone of inhibition ranging from 16.7 to 26.2 mm, 10.2 to
16.2 mm and 8.8 to 11.5 mm, respectively. The MIC values for aqueous methanol extracts from bark,
leaves and seeds ranged from 22 to 36 mg/mL, 72 to 90 mg/mL and 93 to 109 mg/mL, respectively.
The antimicrobial activity in terms of zone of inhibition and MIC data of aqueous methanol extract of
bark was comparable with the respective standard drugs amoxicillin and flumequine. The superior
antimicrobial activity of aqueous-methanol extract of P. pinnata bark might be partly due to the higher
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contents of phenolic acids and flavonoids in this extract. Flavonoids are known to retard the growth of
microorganism through inhibiting their nucleic acid synthesis, cytoplasmic membrane function and
energy metabolism [35,36]. Different plant parts exhibited antimicrobial activity but to varying extent.
These differences can be attributed to the accumulation of different antimicrobial agents in different
parts of P. pinnata. Some earlier reports showed that the changes in chemical composition of an
extract directly affect its biological activities [37]. In our study the antimicrobial activity of P.pinnata
leaves extract was found to be stronger than reported in an earlier study on this plant [38].

3. Experimental
3.1. Sample Collection and Preparation of Extracts

Bark, leaves and seeds samples of P. pinnata were collected from the fully mature plants grown in
the vicinity of the University of Agriculture Faisalabad, Pakistan. The specimens were further
identified and authenticated by the Department of Botany, University of Agriculture Faisalabad,
Pakistan. Air-dried samples of bark, leaves and, seeds, were ground to a fine powder (80 mesh) in a
grinding mill (Tector-Cemotec 1090 sample mill, Hognas, Sweden). For each of the dried parts (bark,
leaves and seeds), material (20 g) was separately extracted with 200 mL of seven different solvents
[absolute methanol, absolute ethanol, absolute acetone, aqueous methanol (methanol-water, 80:20, v/v),
aqueous ethanol (ethanol-water, 80:20, v/v), aqueous acetone (acetone-water, 80:20, v/v) and
deionized water] using an orbital shaker (Gallenkamp, Surrey, UK) for 8 h at room temperature. The
extracts were separated from the solids by filtration with Whatman No. 1 filter paper. The remaining
solids were extracted twice with the same solvent and extracts combined. The extracts were
concentrated under reduced pressure at 45 °C, in a rotary evaporator (EYELA, Tokyo, Japan).
Concentrated extracts were stored in a refrigerator at 4 °C) until analyzed.

3.2. Determination of Total Phenolic Content (TPC)

The TPC in the extracts was assessed using Folin-Ciocalteu reagent procedure as described by
Chaovanalikit and Wrolstad [39].

3.3. Determination of Total Flavonoid Content (TFC)
The TFC in the extracts was determined following the procedure of Dewanto et al. [40].
3.4. High Performance Liquid Chromatography (HPLC) Analysis

Analysis of phenolic acids in the plant extracts obtained with aqueous-methanol was performed on
Varian HPLC using ODS2 C18 reversed phase column (250 x 4.6 mm) [41]. HPLC assay was
conducted using acidified acetonitrile (99.5%) as mobile phase with constant flow rate of 1 mL/minin
isocratic mode. Sample injection volume was 20 pL. The detection was performed at 280 nm. Phenolic
compounds of each sample were identified by comparing their relative retention times with those of
the standard mixture chromatogram. The concentration of an individual compound was calculated on
the basis of peak area measurement and then converted to mg phenolics/100 g DW.
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Table 3. Antimicrobial activity of different solvent extracts from bark of P. pinnata.
Tested organisms Bark extracts
Absolute Absolute Absolute Deionized
ethanol Aqueous ethanol methanol Aqueous methanol acetone Aqueous acetone water Amoxicillin Flumequine
Diameter of inhibition zone (mm)
Pseudomonas stutzeri ~ 12.8+0.8 " 163+0.7° 15.6+0.5° 215+0.5° 11.6+0.5°¢ 123+0.8" 11.0+£03° 242+12°% -
Pseudomonas aeruginosa 10.3 £ 0.4 13.9+04° 12.6+0.4 " 19.3+04° 92+03° 98+03° 10.0+04°¢ 21.3+09* -
Escherichia coli 8.8+04° 11.3+03° 10.8+04° 16.7+0.5° 8.1+03°¢ 84+03° 80+03° 182+1.0% -
Aspergillus orazae 13.1+£02"% 17.5+02° 16.5+0.7° 262+0.8° 118404 12.1£0.5% 98+03° - 285+1.2°
Aspergillus niger 129+0.8" 14106 13.5+0.5° 247+0.8%® 10904 9.0+03°¢ 85+£02° - 262+12°
Fusarium solani 120+0.7° 13.1+0.5° 11.7+04° 229+0.5° 92+05" 8.1+03° 75+£02°¢ - 243+12°
Minimum inhibitory concentration (mg/mL)
Pseudomonas stutzeri 51+2° 48£2° 36+2"% 26£1°¢ 62+1° 58+2° 60£2"° 23+1¢
Pseudomonas aeruginosa 60+ 3 ° 58+£3° 39+ 29+34 80+2° T1£1° 76+3® 25419 el
Escherichia coli 66+3® 65+1°%® 41+2°¢ 36+2° 86+2° 78+2%® 79+£2° 32+2¢
Aspergillus orazae 48+17% 46+2® 42+£2° 2+1° 24+1° 52+2° LT [ — 20+1°
Aspergillus niger 51£3%® 48 +3%® 461 29+2° 28+£2° 65+3° 67£2% 28+1°
Fusarium solani 58+2% 55+2% 53+£3% 36+3° 36+£2° 72+3° (2 R — 33+2°¢

Values are mean + SD of three separate experiments. Different superscript letters within the same row indicate significant (p < 0.05) differences of means

within the extracting solvents.
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Table 4. Antimicrobial activity of different solvent extracts from leaves of P. pinnata.
Tested
. Leaves extracts
organisms
Absolute Aqueous Absolute Aqueous Absolute Aqueous Deionized - )
Amoxicillin Flumequine
ethanol ethanol methanol methanol acetone acetone water
Diameter of inhibition zone (mm)
P
Se;i;";fi”as 106+£03° 121406 12.6+04" 162+08° 100+04° 11.0£05° 920+02° 242+£12° -
P
seudomonas g3 02t 106404 101+403% 145+05° 820403° 930£04™ 750402° 213409° -
aerugmosa
Escherichiacoli  8.0+0.1° 840+0.3" 820+03% 102+04° 750+02% 850+03> 690+03°¢ 182+1.0% -
Asﬁfggc’fel”s 126404 140+08° 123+07% 157+08° 109+05™ 11.6+05% 950+12°¢ - 285+£12°
Z
Aspergillus niger 11002 10805 10.6+04> 135+0.7° 9.00£04>™ 860+04> 830+£03° - 262+12°
Fusarium solani  9.4+0.1% 100+04° 7.00+02¢ 11.6+04° 8.00+0.3" 7.80+02% 730+02¢ - 243+1.1°
Minimum inhibitory concentration (mg/mL)
P
seudomonas 9241° 89+2° 86+3"° 80+1° 106+ 1° 984 1° 109+ 1° P L —
Stutzeri
P
seudomonas 9642 ° 924+3" 96+2" 88 +3° 110+£1°  108+1° 119+£2° PR —
aerugmosa
Escherichia coli 127+2° 122+1° 121+1° 90+2° 127+3° 113+2° 129+1° 3242¢ o
Aspergillus 90 +2 8542 81 +£2® 724+3" 110£1°  108+1° 109+£3° 2041°
orazae
Aspergillus niger ~ 95+2® 90 +2 90 +2 81+2° 112+2° 110+1°2 10812 - 28+1°
Fusarium solani 112 +2® 109 +2 % 106+ 1% 90+2° 119+1° 116+£1° 117£2* e 33+£2°

Values are mean + SD of three separate experiments. Different superscript letters within the same row indicate significant (p < 0.05) differences of means

within the extracting solvents.
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Table 5. Antimicrobial activity of different solvent extracts from seeds of P. pinnata.
Test.e d Seeds extracts
organisms
Absolute Aqueous Absolute Aqueous Absolute Aqueous Deionized Amoxicillin_ Flumequine
Ethanol ethanol methanol methanol acetone acetone water q
Diameter of inhibition zone (mm)
Pseudomonas g 4 3be  103204% 00+4041% 113£03° 75+03% 78+03%  7.0402° 242412° -
Stutzert
Pseudomonas ¢ hobe 981 03%  80+403%  100£02° 7.0403% 72+403%  65+02° 213409° -
aeruginosa
Escherichia coli  84+02" 9.0+03° 79+04" 88+03° 65+£03™ 7.0+02"™ 62+01° 182+1.0% = -
Asf)’:;gi“s 106+03° 11.1£04° 101+£04® 11.5+03" 90+£04° 95+£03" 82+£03° - 285+£12°
Zi
Aspergillus niger  102+04° 108+04° 10.0+0.5° 112+03° 79+04° 75+03° 7.1+£02° - 262+1.2°
Fusarium solani ~ 9.5+0.5°  99+03° 91+05* 101+04° 68+03° 72+02% 64+0.1° - 243+1.1°
Minimum inhibitory concentration (mg/mL)
Pseudomonas 05 ngi  Joscab 1242 106+2° 135£2%  119+£2%®  125+£2%®  23+1°¢ e
Stutzert
Pseudomonas 104+£3°  102+4° 120 +£4° 109 + 4 ¢ 140+£3%  122+£4°  130£2%®  25+£1°¢ e
aeruginosa
Escherichia coli 118 +2%® 101 +3° 126+2%® 112+3%® 146 +2° 127 £ 4% 141 +4° 32+2°¢ e
Aspergillus 95+3" 96+ 3" 101 £4 932" 112£4°  108+£2%®  114+2° 20+1°¢
orazae
Aspergillus niger 97 +2° 98 +4° 105+2° 98 +£1° 117+3° 110+£3%® 117+2* 28+1°
Fusarium solani 99 +3° 102+3° 107+3° 101 +2° 118 +2%® 113+£2%® 132+£2°% e 33+£2°

Values are mean + SD of three separate experiments. Different superscript letters within the same row indicate significant (p < 0.05) differences of means
within the extracting solvents.
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3.5. Antioxidant Activity Determination in Linoleic Acid System

The antioxidant activity of plant extracts was determined in terms of measurement of % inhibition of
peroxidation in linoleic acid system following a method of Osawa and Namiki [42].

3.6. Determination of Reducing Power

The reducing power of the extracts was determined according to the procedure described by
Yen et al. [31].

3.7. DPPH Radical Scavenging Assay

The radical scavenging activity of the plant extracts against 2,2-diphenyl-1-picrylhydrazyl radical
was measured by a slightly modified method as previously described by Ayoola et al. [43]. Aliquots of
various concentrations (10-100 pg/mL) of the extracts were prepared in methanol. Extract (1 mL) was
placed in a test tube, and methanol (3 mL) was added, followed by 1 mM DPPH in methanol (0.5 mL).
A blank solution was prepared containing the same amount of methanol and DPPH. After a 30 min
incubation period at room temperature the absorbance was read against blank at 517 nm using a
spectrophotometer. Inhibition of free radical by DPPH in percent (%) was calculated using following
formula:

% inhibition of DPPH" = {[Ab — Aa]/Ab} x 100

where Ab is the absorption of the blank sample and Aa is the absorption of the extract. ICsy values,
which represented the extract concentration providing 50% inhibition of DPPH radicals, were
calculated from the plot of inhibition percentage against extract concentration.

3.8. Antimicrobial Activity

The plant extracts were individually tested against a set of common pathogenic microorganisms,
including three Gram-negative bacteria: Pseudomonas aeruginosa, Pseudomonas stutzeri, Escherichia coli
and three fungi: Aspergillus orazae, Aspergillus niger, Fusarium solani. The pure bacterial and fungal
strains were obtained from National Institute for Biotechnology and Genetic Engineering (NIBGE),
Faisalabad, Pakistan. Bacterial strains were cultured overnight at 37 °C in Nutrient agar (NA, Oxoid,
Basingstoke, UK) while fungal strains were cultured overnight at 30 °C using Potato dextrose agar
(PDA, Oxoid). Antimicrobial activity of the extracts was evaluated using disc diffusion method and
micro dilution broth method.

3.9. Disc Diffusion Method

The antimicrobial activities of the bark, leaves and seeds of P. pinnata were determined by agar
disc diffusion method [44]. Briefly, 100 pL of suspension of tested microorganisms, containing
10® colony-forming units (cfu/mL of bacteria cells and 10* cfu/mL spores of fungal strains spread on
nutrient agar (NA) and potato dextrose agar (PDA) medium, respectively. The sterilized filter paper
discs (6 mm in diameter) were impregnated with 20 pL of 100 mg/mL extract (2 mg/disc), were
arranged on the surface of the agar plates which had previously been inoculated with the tested
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microorganisms. Disc without samples were used as a negative control. Amoxycillin (30 pg/disc) and
flumequine (30 pg/disc) were used as positive references for bacteria and fungi, respectively. The
plates were incubated at 37 °C for 24 h for bacteria and at 30 °C for 48 h for fungal strains.
Antimicrobial activity was evaluated by measuring the diameter of the growth inhibition zones in
millimeters (including disc diameter of 6 mm) for the test organisms and comparing to the controls.
The measurement of inhibition zones was carried out using three sample replications, and values
presented are the average of three replicates.

3.10. Determination of Minimum Inhibitory Concentration

For the determination of MIC, which represents the minimum concentration that completely inhibits
the growth of microorganisms; a micro-dilution broth susceptibility assay was used [45]. All tests were
performed in Nutrient broth (NB) and Sabouraud dextrose broth (SDB) supplemented with Tween 80
detergent to a final concentration of 0.5% (v/v) for bacteria and fungi, respectively. Bacterial strains
were cultured overnight at 37 °C in NB and the fungi were cultured overnight at 30 °C in SDB.
Dilutions series were prepared from 5 to 100 mg/mL of the extracts. Each concentration of extract
(0.1 mL) was added to NB and SDB (9 mL of each) for bacteria and fungi, respectively, containing
standardized bacterial or fungal cell test organisms (0.1 mL). The tubes were incubated at 37 °C for
24 h for bacteria, and at 30 °C for 48 h for fungi. Positive controls were equally set up by using
solvents and test organisms without extracts. The same test was performed simultaneously for the
growth control (NB + Tween 80) and sterility control (NB + Tween 80 + test extract). Amoxycillin
was used as a reference compound for antibacterial and flumequine for antifungal activities. The tube
with least concentration of extract without growth after incubation was taken and recorded as the
minimum inhibitory concentrations.

3.11. Statistical Analysis

Data were analyzed using one-way analysis of variance ANOVA using Minitab 2000 Version 13.2
statistical software (Minitab Inc., State College, PA, USA) at 5% significance level.

4. Conclusions

The current study was the first attempt revealing the variations of biological activities among bark,
leaves and seeds of P. pinnata using a range of extraction solvents. Aqueous methanol was established
to be the most effective solvent to recover higher amounts of phenolics from different parts of
P. pinnata compared with other solvents. Besides, it was concluded that extracts from bark of this
plant had higher antioxidant and antimicrobial activities and concentration of phenolic acids among
others, regardless of the extraction solvent employed. In light of the present results P. pinnata can be
used to isolate high-value bio-actives that may serve as leads for the development of new antimicrobial
drugs and functional foods for pharmaceutical and nutraceutical uses. Further detailed studies on the
isolation and therapeutic properties of bioactives of this plant using some in vivo models is
recommended to establish specific applications and to formulate new and potent antimicrobial drugs of
natural origin.
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