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Abstract

The antibacterial effect of rind of pomegranate extract and Luteoline on
the growth was evaluated in vitro serial dilution method was used to the growth
of various Gram-negative and Gram-positive bacteria. The bactericidal activity
of this extract was analyzed by serial dilution in tubes. In this study it was found
that Gram positive bacteria are susceptible to very low pomegranate and
luteoline concentrations. On the other hand, Gram negative bacteria were more
resistant, with minimal bactericidal concentration of this extract ranging
between 5 - 10 mg ml” pomegranate and 2.4 mg ml” of luteoline , for Gram-
positive bacteria and were ranging between 10 - 20 mg ml” pomegranate and
4,8 mg ml" of luteoline for Gram-negative bacteria. The results of this study
suggest that crude extraction of pomegranate and luteoline 1s effective 1n
controlling of many discases as a natural resource to prevent many bacterial

infections.

Introduction

Pomegranate has strong antioxidant and anti-inflammatory properties and
have anti-cancer activity in several human cancers [1]. In addition, pomegranate
peel extract with an abundance of flavonoids and tannins has been shown to
have a high antioxidant activity [2] . Antimicrobial drug resistance in human
bacterial pathogens 1s a worldwide 1ssue and as a consequence, effective
treatment and control of such organisms remain an important challenge.
Bacterial resistance has appeared for every major class of antibiotic [3].
The major class of pomegranate phytochemicals 1s the polyphenols (phenolic
rings bearing multiple hydroxyl groups) that predominate (flavonols, flavanols
and anthocyanins), condensed in the fruit. Pomegranate polyphenols include
flavonoidstannins (proanthocyanidins) and hydrolysable tannins (ellagitannins
and gallotannins). Hydrolyzable tannins (HTs) are found in the peels (rind,
husk, or pericarp), membranes and piths of the fruit [4]. HTs are predominant
polyphenols found in pomegranate juice and account for 92% of its antioxidant
activity . Constituents Pomegranate pericarp (Peel, rind) Phenolic punicalagins;
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gallic acid and other fatty acids; catechin, EGCG; quercetin, rutin and other
flavonols; flavones, flavonones; anthocyanidins [5].
Flavonoids are ubiquitously occurring and widely consumed secondary
metabolites of plants and have profound pharmacological properties [6]. They
are reported to have anti-viral [7], anti-parasitic [8] and anti-cancer [9] activities.
Luteolin (3«,4«,5,7-tetrahydroxy avone), an important member of the favonian
family, 1s present in various fruits and vegetables and has contributed to the
antioxidant activity of artichoke leaf extract on reactive oxygen species in
human leucocytes [10]. Luteolin 1s also reported to have anti-inflammatory
properties and mediates its action by inhibiting of nitric oxide production [11].
Luteolin has anti-allergic properties [12], and a recent report [13] establishes
luteolin as a potent inhibitor of human mast cell activation through the inhibition
of protein kinase C activation and Ca#+ in ux. Luteolin exerts growth inhibitory
effects on NK}Ly ascites-tumour-cell cultures in .1.0 [14]. The flavonoids
luteolin and quercetin are also reported to arrest cell cycle in the G" phase
of human melanoma cells [15]. We have previously established that luteolin and
quercetin inhibit DNA topoisomerase II of Leishmania and that they can induce
cell-cycle arrest leading to apoptosis of Leishmania donovani promastigotes[12].
For the purpose of communicable diseases with bacterial infection and
resistant bacteria to manufactured antibiotics. The objectives of this work was:
to study the activity of pomegranate extract and luteolin against several Gram-
positive and Gram-negative bacteria.

Materials and methods

Extraction of pomegranate rind

pomegranate rind samples were collected from Iraqi gardens. For the
purpose of extraction, the dried rind of pomegranate was cut into small pieces,
and extracted at room temperature with 50 ml of 70% ethanol using ultrasonic
bath (Decon FS 300, England) for 90 minutes. Then, the alcoholic extract was
evaporated at 50°C until dryness (16). Luteoline take from sigma as standard
material.

Antibacterial assay

Six bacterial strains were used: Pseudomonas aeruginosa, Proteus
vulgaris, Klebsiella pneumonia, streptococcus pneumonia, Streptococcus
Jfaecalis and Bacillus subtillis. These bacteria were kindly supplied by the
Biotechnology department; college of science, university of Baghdad, Baghdad,
Iraq . The bacterial suspension was prepared and adjusted by comparison against
0.5 Mec-Farland turbidity standard (5x 107 cell mI™) tubes. It was further diluted
to obtain a final of 5 x 10° cell ml". All bacteria strains were sub- culture in
nutrient broth (8). The broth was inoculated by the 0.2 ml/10ml broth either with
all bacteria strains, then added 1 ml of (25, 50 and 100 mg) pomegranate and
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(2.5.5 and 10) luteoline. The tubes were incubated at 37 C” for 24 h. The growth
of control bacterial growth due to pomegranate and luteoline was measured by
turbidity at 600 nm wavelength. The mean values of inhibition were calculated
from triple reading in each test. The minimum bactericidal concentration (MBC)
of pomegranate and luteoline was determined by the ten-fold dilution method
against bacterial strains in in vitro.

Statistical data analysis: Data were statistically analyzed using SPSS statistical
software (version 11.5). The values are given as mean + standard error.

Results

This study confirms the antibacterial effect of pomegranate extract and
luteoline on various Gram-negative and Gram-positive bacteria. In
particular,crude of pomegranate and luteoline 1s a very potent inhibitor of
growth of bacteria such as clinical isolates of Pseudomonas aeruginosa,
Proteus vulgaris, Klebsiella pneumonia, streptococcus pneumonia,
Streptococcus faecalis and Bacillus subtillis. All bacterial pathogens failed to
grow in higher concentrations of pomegranate extract and luteoline (Table 1,2
and Figure 1,2.3.4).

Table 1. Antibacterial properties of pomegranate extract

Optical Density 600 nm
Strains Concentration of pomegranate mg ml’
5 10 20 Control
Pseudomonas aeruginosa 1.59+0.34 1.41+0.11 1.21+0.20 | 1.594+0.20
Proteus vulgaris 1.45+0.25 1.40+0.30 1.15+0.22 1.58+0.28
Klebsiella pneumonia 1.36+0.24 1.33+0.19 1.23+0.22 1.43+0.19
Streptococcus pneumonia 1.30+0.12 1.29+0.20 0.85+0.12 1.32+0.10
Streptococcus faecalis 1.40+0.14 1.39+0.08 1.34+0.14 1.39+0.11
Bacillus subtillis 0.45+0.06 0.30+0.07 0.31+0.17 1.49+0.36

Pseudomonas aeruginosa:

The results indicated that pomegranate exhibited antibacterial activity at
concentrations of 5 mg ml ™ (1.59 + 0.34) and above as compared with control
1.59 £ 0.20 (Table 1). There was also an obvious decrease in the number of
viable cells of Pseudomonas aeruginosa especially at the higher concentration
(20 mg ml™) was 6.05 x10® CFU ml "' as compared with control 7.95 x 10°
CFU ml™ (Figure 1). The MBC of pomegranate was 10 mg ml™.

Proteus vulgaris:

The results indicated that pomegranate exhibited antibacterial activity at
concentrations of 10mg ml ™ (1.40+0.30) and above as compared with control
1.58+0.19 (Table 1). There was also an obvious decrease in the number of
viable cells of Proteus vulgaris especially at the higher concentration (10 and 20
mg ml™) was 7 x10® and 5.75 x10® CFU ml ", respectively as compared with
control 7.9x10° CFU m1™ (Figure 1). The MBC of pomegranate was 5 mg ml™.
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Klebsiella pneumonia.

The results indicated that pomegranate exhibited antibacterial activity at
concentrations of 5mg ml ™ (1.23+0.19) and above as compared with control
1.32+0.10 (Table 1). There was also an obvious decrease in the number of
viable cells of Klebsiella pneumonia especially at the higher concentrations (10
and 20 mg ml™") was 6.65 x10% and 6.15 x10° CFU ml !, respectively as
compared with control 7.15 x10® CFU ml ' (Figure 1). The MBC of
pomegranate was 5 mg ml™.

Streptococcus pneumonia:

The results indicated that pomegranate exhibited antibacterial activity at
concentrations of 20 mg ml ™ (0.85+0.12) and above as compared with control
1.3940.11 (Table 1). There was also an obvious decrease in the number of
viable cells of Streptococcus pneumonia cspecially at the higher concentration
(10 and 20 mg ml™) was 6.45 x10° and 4.25 x10° CFU ml *, respectively as
compared with control 6.6x10® CFU ml ™ (Figure 2). The MBC of pomegranate
was 5 mg ml™.

Streptococcus faecalis:

The results indicated that pomegranate exhibited antibacterial activity at
concentrations of 10 mg (1.39+0.02) and above as compared with control
1.49+0.36 (Table 1). There was also an obvious decrease in the number of
viable cells of Streptococcus faecalis especially at the higher concentration (10
and 20 mg ml™") was 6.95 x10% and 6.70 x10° CFU ml ', respectively as
compared with control 6.95x10° CFU ml (Figure 2). The MBC of
pomegranate was 10 mg ml™.

Bacillus subtillis:

The results indicated that pomegranate exhibited antibacterial activity at
concentrations of 10mg ml ™ (0.30+0.07) and above as compared with control
1.494£0.36 (Table 1). There was also an obvious decrease in the number of
viable cells of Bacillus subtillis especially at the higher concentration (20 mg
ml™) was 1.55 x10% CFU ml ! as compared with control 7.45 x10% CFU ml ™
(Figure 2). The MBC of pomegranate was 5 mg ml™.

Table 2. Antibacterial properties of luteoline

Optical Density 600 nm
Strains Concentration of luteoline mg ml-1

0.2 0.4 0.8 Control
Pseudomonas aeruginosa | 0.606+0.34 | 0.575+0.11 0.530+0.20 | 0.650+0.20
Proteus vulgaris 0.510+0.25 | 0.496+0.30 0474.+0.22 0.563+0.28
Klebsiella pneumonia 0.363+0.24 | 0.329+0.19 0.316+0.22 0.468+0.19
Streptococcus preumonia | 0.415+0.12 | 0.406+0.20 0.306+0.12 0.487+0.10
Streptococcus faecalis 0.404+0.14 | 0.390+0.08 0.304+0.14 0.449+0.11
Bacillus subtillis 0.451+0.06 | 0.301=0.07 | 0.311+0.17 0.490+0.36
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Pseudomonas aeruginosa:

The results indicated that luteoline exhibited antibacterial activity at
concentrations of 0.2 mg ml ™' (0.606 + 0.34) and above as compared with
control 0.650 + 0.20 (Table 2). There was also an obvious decrease in the
number of viable cells of Pseudomonas aeruginosa especially at the higher
concentration (0.8 mg ml™) was 2.650 x10° CFU ml ' as compared with
c0111tr01 3.250 x 10® CFU ml "' (Figure 3). The MBC of luteoline was 0.2 mg
ml.

Proteus vulgaris:

The results indicated that luteline exhibited antibacterial activity at
concentrations of 0.2 mg ml @ (0.510+0.25) and above as compared with
control 0.563+0.28 (Table 2). There was also an obvious decrease in the
number of viable cells of Proteus vul§aris especially at the higher concentration
(0.4 and 0.8 mg ml™) was 2.48 x10° and 2.37 x10° CFU ml ™, respectively as
compared with control 2.815 x10® CFU ml ! (Figure 3). The MBC of luteoline
was 0.2 mg ml™.

Klebsiella pneumonia:

The results indicated that luteoline exhibited antibacterial activity at
concentrations of 0.2 mg ml "' (0.363+0.19) and above as compared with
control 0.468+0.10 (Table 2). There was also an obvious decrease in the
number of wviable cells of Klebsiella pneumonia cspecially at the higher
concentrations (0.4 and 0.8 mg ml™") was 1.645 x10° and 1.58 x10° CFU ml ",
respectively as compared with control 2.34 x10° CFU ml ™ (Figure 1). The
MBC of luteoline was 0.2 mg ml™.

Streptococcus pneumonia:

The results indicated that luteoline exhibited antibacterial activity at
concentrations of 0.2 mg ml " (0.415£0.12) and above as compared with
control 0.487+0.11 (Table 2). There was also an obvious decrease in the number
of wviable cells of Streptococcus pneumonia especially at the higher
concentration (0.4 and 0.8 mg ml™) was 2.030 x10° and 1.53 x10° CFU ml ™,
respectively as compared with control 2.435x10® CFU ml "' (Figure 4). The
MBC of luteoline was 0.2 mg ml™.

Streptococcus faecalis:

The results indicated that pomegranate exhibited antibacterial activity at
concentrations of 0.4 mg (0.390£0.08) and above as compared with control
0.449+0.11(Table 2). There was also an obvious decrease in the number of
viable cells of Streptococcus faecalis especially at the higher concentration (0.4
and 0.8 mg ml™?) was 1.95 x10% and 1.52 x10% CFU ml ", respectively as
compared with control 2.245x10® CFU ml (Figure 4). The MBC of
pomegranate was 5 mg ml™.
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Bacillus subtillis: The results indicated that pomegranate exhibited antibacterial
activity at concentrations of 0.2 mg ml -1 (0.451+0.06) and above as compared
with control 0.4904+0.36 (Table 2). There was also an obvious decrease in the
number of viable cells of Bacillus subtillis especially at the higher concentration
(0.8 mg ml-") was 1.555 x10® CFU ml™ as compared with control 2.45 x10°
CFU ml™ (Figure 2). The MBC of pomegranate was 0.2 mg ml™.

Cell viability of Bacteria
(CFUml Y x 10°

10+

pseudomonas aerugenosa

proteus

Kleheeliia

15 0 0 § 10 15 0

Concentration of pomugranate mg ml’
Figure 1. Pomugranate effect against cell viability of Gram

negative bacteria
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4. Luteoline effect against cell viability of Gram posative bacteria

There has been only limited research on antibacterial activity of
pomegranate and luteoline (9). In this Study, we could verify that Gram positive
bacteria (Streptococcus pneumonia, Streptococcus epidermis and Bacillus
subtillis) are susceptible to very low pomegranate concentrations. On the other
hand, Gram negative bacteria (Pseudomonas aeruginosa, Proteus vulgaris and
Klebsiella pneumonia) were more resistant. Previous studies also reported that
Gram-negative bacteria were less susceptible to lower minimal inhibitory
concentrations (MIC) than Gram-positive strains (10, 11, 12, 13, 14, 15).
However, with respect to the magnitude of the MIC, pomegranate show lower
activity against Pseudomonas aeruginosa than Proteus vulgaris and Klebsiella
pneumonia and was more active against Streptococcus pneumonia and
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Streptococcus epidermis than Bacillus subtillis. The quantitative and qualitative
chemical composition could provide an explanation for the observed differences.
Crude pomegranate contains a mixture of a large number of biologically active
substances (16) that belong chemically to the terpenes, caffeic acid and its
esters, flavonoids, free amino acids, aldehydes and ketones. Many studies have
shown that fatty acid esters, phenolic compounds and cinnamic acid were the
main propolis constituents and some of them were shown to possess
antibacterial activity (17, 18). Crude pomegranate was shown more effective
than single chemicals, a possible explanation of why pomegranate 1s more
effective than its individual compounds. Of course, mixtures are more likely to
contain toxic constituents, and they must be thoroughly investigated and
standardized before approved for use on a large-scale basis in the West (19,20).
Many researchers had investigated the antibacterial activity of pomegranate and
1ts extracts against Gram-positive and Gram-negative strains and found that
pomegranate had antibacterial activity against a wide range of Gram-positive
rods but had a limited activity against Gram-negative bacilli (21, 22). In vitro
studies have demonstrated that pomegranate extracts are more effective against
Gram-positive coccii (Staphylococcus aureus, Streptococcus [-hacmolyticus),
but are only active against some Gram-negative bacteria, such as Escherichia
coli or Pseudomonas aeruginosa (12). On the other hand, other studies (7,22),
have indicated that the bacteriostatic or bactericidal effects of pomegranate
depend on the dose and that Gram-negative aerobic bacteria may also be
inhibited at concentrations higher than 5 mg ml ™. Also, the minimum inhibitory
concentration of pomegranate against 35 8. aureus strains and 92 other bacterial
strains (23). 19 elements in pomegranate, 3 fractions were obtained and tested
against Staphylococcus. Another experiment (24,25) found that the sensitivity
of 90% of Staphylococci to ethanolic extract of pomegranate was lower than in
a standard strain of 8. awureus. Prepared ethanolic extracts from samples of
pomegranate collected in 18 regions of the former USSR(26), were serially
diluted 1n agar, in Petri dishes. The dishes were then inoculated with the bacteria
Bacillus cereus, Staphylococcus auneus, Escherichia coli and Pseudomonas
aeraginosa, and the fungus Candida albicans, and incubated at 37 °C or 20-25
°C for 48h. Pomegranate at 125-500 pg ml™ inhibited the growth of B.Cereus
and 8. aureus, but not that of the other 2 bacteria, or the fungus, even at
concentrations higher than 1000 pg ml . These findings confirm that, the
antimicrobial properties of pomegranate possibly attributed to 1its high
flavanoids content. The anti-bacterial activity of European pomegranate is due
to its flavonoid aglycones (galangin & pinocembrin) and phenolic compounds
(pinobanksin, pinobanksin 3-O-acetate, bencyl-p-coumarate, catfeic acid esters,
and ferulic and caffeic acids), and in pomegranate from the Canary Islands,
lignan furofurans (27). The German variety, rich in phenylethyl-trans-caffeate,
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bencyl ferulate and galangin, 1s more effective against Staphylococcus anreus
and Escherichia coli, than the French variety, rich in bencyl caffeate and
pinocembrin. The Mediterranean type (Bulgarian, Turkish, Greek and Algerian),
composed of flavonoids, esters of caffeic and ferulic acids, diterpenes and
hydroxyditerpenes, also show significant bacteriostatic and bactericidal
properties (28, 29). In the case of Egyptian pomegranate, anti-microbial activity
differs in accordance with its region of origin (7, 22, 30). The same variation in
the antibacterial activity was shown in Iraqi pomegranate (9). In Brazilian
pomegranate, phenolic compounds have been identified, most notably 3,5-
diprenyl-p-coumaric acid, which possesses significant anti-bacterial activity and
without seasonal differences against Escherichia coli, Pseudomonas
aeruginosa, Staphylococcus aureus and Streptococcus faecalis (27,31,32). The
inhibition of bacterial viability by pomegranate extract was probably due to the
loss of their ability to bind to DNA (33). This fact suggested that pomegranate
might act by inhibiting DNA replication and cell reproduction. In conclusion the
Iraqi pomegranate extract exhibit significant antibacterial activity. These results
confirm that antibacterial properties of pomegranate possibly attributed to its
high flavonoids content (9) and volatiles (34). Hence, pomegranate should be
viewed more appropriately as a complex natural resource for the control of
microorganisms rather than antimicrobial drugs.
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