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ABSTRACT

The GI tract of an individual which is inhabited by a large number of microbes, is under
constant threat from pathogens and oxidative damage. In Indian system of medicine, several
cucurbits have been widely documented for prophylactic and therapeutic purposes to ameliorate
such situations. The total flavonoids, observed in the extract of three cucurbits, Lagenaria siceraria
(Ls), Luffa cvlindrica (Le) and Cucurbita pepo (Cp), were 17.941.3, 6.320.2 and 2.1+0.5 mg g™/,
respectively. The antioxidant activity, determined by DPPH assay, displayed that Ls, Cp and Le
had 77£1.3, 10+£3 and 10£1.0% free radical scavenging activity, respectively. Reduction Potential
{RP) assay revealed the antioxidant effects for Ls, Le and Cp as 4420.8, 22+3 and 15+.8%,
respectively. Maximum activity of quenching H,O, was demonstrated by Le (82+1%) as compared
to Cp (78+2%) and Ls (76£1.6%). Antimicrobial activity of Lactobacillus rhamnosus measured
through generation of inhibition zone against . coli was augmented maximally in presence
of Ls (4.4£0.3 cm), followed by Cp (4.2+.01 cm) and Le (4.0£.03 em). Biofilm formation by
L. rhamnosus was maximally supported in presence of Le (absorbance = 0.26+0) followed by Ls
{0.21£.01) and Cp (0.20+.01). Thus, these dietary cucurbits showed appreciable antioxidant activity
and enhance antimicrobial and barrier function of mucosa by L. rhamnosus and impart protection
to gut without any toxic effects.
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INTRODUCTION

The Reactive Oxygen Species (ROS) and free radicals have been implicated in a wide range of
pathological conditions such as inflammations (Schetter et al., 2010), cancer, diabetes (Moussa,
2008), arthritis and neurodegenerative diseases. In the gut the free radicals are generated during
cellular and metabolic activities of host or pathogens and also due to interaction between different,
components like various molecules of the pathogens and host and also the dietary molecules present
inside the gut lumen. The exogenous agents such as heat, cold, 1onizing radiation, oxidative drugs
and pollutants are known to generate free radicals and sequentially the oxidative damage
(NMilan et al., 2011). Although free radicals and ROS are essential components of the biological
system but their production and generation beyond the essential limit or their leakage at undesired
sites, cause many perturbations in the constitutive and functional molecules leading to biclogical
damage. The living system therefore constantly quenches leaked and free oxidative species through
various endogenous scavenging mechanisms such as SOD, GSH, ete. (Olsvik et al., 2005),

The GI tract is indeed most vulnerable to various pathogens and free radical damage. The
microbes are known to harbour the GI tract in huge numbers, extending from the stomodeum to
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proctodeum. In the GI tract, there are about 450-500 species of microbes belonging to about
40 genera ranging from useful (probiotic) to commensal and opportunistic to virulent pathogens
but there i1s also an inter-specific pressure on various microbial populations. In the gut, the peak
populations keep shifting and such a shift may sometimes cause pathogenic manifestations in the
Gl tract and the body. During various pathological conditions, the population of pathogens shifts
towards dominance at the cost of probiotic population. For a healthy gut, the population of different.
bacteria in an inter-specific dialogue remains under over all control of the probiotic bacteria. The
literature has a large number of citations deliberating on probictics (Like l. rhamnosus,
Bifidobacterium bifidum) and their symbiotic relationship with the cells and tissue of the GI
tract of host. Probiotics are known to increase the break-down of certain polysaccharides,
prevent injury and inflammation, protect gut from pathogenic microbes like Salmonella,
Escherichia colt, Salmonelle typhimurium, Staphylococcus aureus, Vibrio cholera, ete. by
secreting antimicrobial agents (Fremalatha and Dhasarathan, 2011). Different species of
Lactobactllus produce several antibacterial compounds which display varying degree of effects
against different bacteria. Sharaf and Al Harbi (2011) reported that antimicrobial agents
produced by 40 species of lactic acid bacteria were effective against E. coli, 5. aureus and
Candida ablicans, etc. but not against methicilin resistant Streptococcus aureus. Nisin is one of
the most effective antibacterial agent produced by Lactobacillus lactis and has been used as a
natural preservative in food industry. Bisin 1s another antimicrobial agent produced by
Lactobactllus and 1s a more potent antimicrobial agent. In this study we have attempted to
evaluate the antibacterial activity of compounds produced by L. rhamnosus against . coli using
well diffusion assay.

Biofilm formation is another important activity of Lactobacillus. Through this activity,
probictics provide specific health benefits to the host such as immunomodulation and denial to the
pathogenic bacteria to adhere to mucosal cells by forming a physical barrier on the gut mucosa
{Jones and Versalovic, 2009; Kullisaar et al., 2002). Lactobacilli also constitute a source of dietary
antioxidants (Saide and Gilliland, 2005). It has also been reported that Lactebacillus fermentum
containg glutathione, a potent cellular antioxidant and eliminates hydroxyl radicals. In fact
Bifidobacterium and Lactobacillus spp. display a substantial impact on our enteric system.
Therefore, to harness the maximum health benefits to the host gut the growth of probiotic
population need to be sequentially supported. Some dietary products have the potential to improve
the growth and useful activities of the probiotic bacteria and such molecules are known as
prebiotics. In the present study, cucurbits were investigated for their prebiotic potential and
subsequent therapeutic implications.

Many plants like Rhodiola imbricata, Hippophae rhamnoides, ete. have been reported for
several therapeutic purposes against diseases caused by inflammation, free radicals and radiation
ete. (Goel ef al., 2008). Cucurbits, belonging to family Cucurbitaceae include about 118 genera and
825 species. In India, cucurbits are cultivated in a large number which constitute about 5.6% of the
total vegetable production. The fruits of many plants of Cucurbitaceae family like Momordica
charantia, Cucumis sativus, ete, have been widely used for medicinal purposes in India
(Sahu et al., 2011). The health promoting ability of fruits to some extent might be related to the
antioxidant properties of their constituents.

The common dietary cucurbits, such as Ls, Lic and Cp have been reported for the presence of
not only essential nutrients such as carbohydrates, vitamins ete but also for containing secondary
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metahbolites such as alkaloids, flavonoids, glycosides, steroids and saponins, ete. (Irshad et al., 2010).
These compounds work as antioxidants {(Oskoueian et af., 2011). Other important biomolecules
present in different dietary cucurbits display a wide spectrum ranging from cucurbitacins, sterols
(fuco-and compe-sterocl), arepene and bryonolic acid. The biochemical, pharmacological and
therapeutic information about various cucurbits has been extensively reported in the literature due
to the pharmaco-therapeutic applications (Arora et al., 2011; Dhiman et al., 2012). Cucurbita has
been very effective as anti-depressant (Umadewi et al., 2011) and antioxidant (L.eman et af., 2007),
Luffa renders antibacterial, antifungal (Devi ef «l., 2009), antioxidant and anti-inflammatory
effects while Lagenaria manifests anti-proliferative (Shah et al., 2010), immuno-modulatory
(Gangwal ef al., 2008), anticancer and anti-oxidant properties (Erasto and Mbwamb, 2009;
Onasanwo ef al., 2011; Saha et al., 2011). The present investigations were taken up to explore the
potential of cucurbits in amelioration of the stress generated by pathogens and free radicals in GI
tract. These studies could ultimately lead to the development of various strategies to strengthen the
synergy among the prebiotic, prebictic and host.

MATERIALS AND METHODS

Bacterial cultures: L. rhamnosus and K. coli were procured from Department of
Biosciences, Jamia Milia Islamia, New Delhi and grown on MRS and EMB media respectively at
37°C in the sterilized environment and were harvested after 48 h. Both strains were purified by
repeated plating in specific media and identified by gram reaction, cell morphology and catalase
reaction.

Preparation of extracts: Fresh fruits of the cucurbits, L. siceraria (bottle gourd), L. eylindrica
(sponge gourd) and C. pepo (pumpkin), were procured from the local market. The plant
material was thoroughly washed with sterile distilled water several times and equal quantity of
each plant material {50 g/100 mL) was homogenized separately in presence of solvent (absolute
ethanol and triple distilled water; 50:50, viv). After 24 h, the homogenate was filtered through a
fine strainer having a spread of muslin cloth and extract was stored at 4°C in bottles with airtight
cork.

Chemicals: Analytical grade chemmecals like DPPH (1,1-diphenyl-2-picrylhydrazyl}, ascorbic acid,
NaCl, acetone, H,O., trichloroacetic acid were procured from M/S Qualigen (Mumbai) and
potassium ferricyanide, ferric chloride (pH -7.4), KCl, KH,FPO,, K,HPO, NaH,PO, and Na,HFQ,
were procured from M/S Merck, Germany. MRS and EMB media were purchased from M/S
Himedia, Mumbai.

Determination of total flavonoid contents (TFC): THFC was determined in all the three
cucurbit extracts using the method described by Hassan and Hassan (2010).

One milliliter of each extract was mixed with 1.0 mL of aluminum trichloride in ethanol
(20 mg mL™) and a drop of glacial acetic acid and then diluted with ethanol to 25 mL. The
absorption was read after 40 min using a Systronic deuble beam spectrophotometer. Blank was
prepared using 1.0 mL extract and a drop of glacial acetic acid and then diluted to 25 mL with
ethanol. The absorption of standard quercetin solution (0.5 mg mL™! in ethanol) was measured
under the same conditions. The amount of total flavoneids in extract, in quercetin equivalents was
calculated by the following equation:
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¥ = A.m,
Ay m

where, X is the flavonoid contents (mg g ' extract in QK). A and A, is the absorption of extract and
quercetin solution, respectively. mis the weight of the cucurbits (mg) in 1 mL of cucurbit extracts
and my is the weight of quercetin (mg) in 1 mL of quercetin solution.

Assessment of antioxidant activity

DPPH assay: The antioxidant activity of cucurbit extracts, on the basis of scavenging ability of
the stable DPPH free radicals, was determined as described by Brand-Williams ef al. (1995).
Definite volume (50-250 pl) of an extract was taken in the test tubes and triple distilled water was
added to make it to 1.0 mL. The 2.0 mL of DPPH sclution (0.1 mM in methancl) was added to each
test tube, mixed well and incubated at room temperature for 30 min. Absorbance of the mixture was
measured at 517 nm using double beam spectrophotometer. Percent inhibition of DPPH radical was
calculated by the following equation:

Ag-A
Inhibition (%) = —2—1x100
0

where, A, referred to the absorbance of the control and A, of the test sample.

Reduction potential assay: Reducing power of the extract was determined by the method of
Oyaizu (1986). Known quantity of cucurbit extract (100-1000 pl)) was mixed with sodium
phosphate buffer (2.5 mL) and potassium ferricyanide (2.5 mL) and incubated at 50°C for 20 min.
2.5 mL of trichloroacetic acid was added to the mixture and centrifuged at 3000 rpm for 10 min. The
upper layer of solution (2.5 mL) was mixed with distilled water (2.5 mL) and a freshly prepared
ferrie chloride solution (0.5 mL). The absorbance was measured at 700 nm. Percent increase in
reduction potential was calculated as follows:

. . . A
Increase in reduction potential (%) = —— =100
blank

where, A, showed the absorbance of test solution and A,

. of the blank.

tes lan

Hydrogen peroxide (H;0,) scavenging assay: The hydrogen peroxide scavenging activity of
plant extracts was evaluated following the method of Ruch ef al. (1989). A solution of 40 mM H,O,
was prepared in 50 mM potassium phosphate buffer (pH 7.4). Different quantities of extracts
(100-500 pL) were added to 2 mL of H,O, solution (40 mM) and absorbance was taken at 230 nm
after 10 min against a blank solution {phosphate buffer without H,O,). The percentage of
scavenged H,O, was ealculated using following equation:

Scavenged (%) = AKA‘ %100
0

where, A, was the absorbance of the blank and A, of the sample.
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Assessment of antimicrobial activity of L. rhamnosus against E. coli and its modulation
by cucurbits extract

Well diffusion assay: Following the method described by Holder and Boyece (1994) and
Raja et al. (2010, soft nutrient agar plates were prepared (in petri-dish of 9 cm diameter) and
seeded with test organism (¥. coli) and wells of equal size (2.5 cm in diameter) were prepared on
each agar plate. Two milliliter of L. rhamnosus broth was poured in each well with or without
cucurbit extract (500 pl). The plates were incubated for 24 h at 37°C in sterile environment. The
Zones of inhibition were measured after 24 h.

Assessment of effect of cucurbits on the biofilm formation by L. rhamnosus

Peg method: Biofilm formation by L. rhamnosus and its modulation by cucurbits was studied
using peg method (Smith ef al., 2008). One milliliter of L. rhamnosus broth was incculated in
100 mL of MES media with or without cucurbit extracts (1 mL) in different beakers. Pegs were
prepared by micropipette tips (with micropipette stand), immersed in the media in beakers. Beakers
were kept in the sterile environment for 24 h at 37°C. After 24 h, biofilm formed on pegs was
washed with 2 mL of acetone and absorbance was taken at 600 nm using double beam
spectrophotometer.

Statistical treatment: The data of at least three experiments, each conducted separately, was
subjected to statistical analysis and results were presented in the form of MSE (Mean Standard
Error).

RESULTS

Total flavonoid contents: Among the three cucurbits studied here, Lis contained highest amount,
of flavenoids (17%) followed by Le (6.3%) and Cp (2.1%), respectively (Table 1). The presence of
flavonoids correlated well with the DPPH scavenging and reduction potential of the cucurbits

(Fig. 1, 2). Ls due to 17% flavonoids rendered maximum antioxidant activities as compared to Le
and Cp which had 6.3 and £.1% flavonoids, respectively.

DPPH scavenging activity: Percent inhibition of DPPH radicals has been displayed in Fig. 1.
Ls rendered the maximum inhibition of DPPH radicals from 26 to 72% when the extract volume
was increased gradually from of 50 to 150 uL. Further increase upto 250 uL did not yield an
appreciable increase in DPPH radicals scavenging activity which followed a plateau increasing from
72 to 77%. Le and Cp revealed highly reduced antioxidant effects in comparison te Ls and the
percent inhibition of DFPH radicals could increase from 2% at 50 pli to 10% at 250 pL of extract.
Lis extract therefore, contains some strong antioxidant molecules in comparison to Le and Cp.

Reduction potential (RP): The EP of the cucurbit extracts increased consistently with the
increase in the volume of extract. The increase in the volume of the extracts from 100 to 500 uL

Tahble 1: Total flavonoid contents measured as quercetin equivalent (QF) in the cucurbit fruit extracts

Cucurbit fruit extracts Flavonoids (mg g™
L. siceraria 17.9+1.3
L. evlindrica 6.3+0.2
C. pepo 21405

Each value is a mean of three experiments and has been expressed as MeantSE
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Fig. 1: DPPH radical scavenging activity of different cucurbit extracts, each value is a mean of
three experiments and has been expressed as Mean+SE
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Fig. 2: Reduction potential of different cucurbit extracts, each value is a mean of three experiments
and has been expressed as Mean+SE

correspondingly increased RP from 10 to 44% (Fig. 2). At corresponding volumes of the extracts
Lec and Cp rendered the increase from 2 to 22% and 2 to 15%, respectively.

Hydrogen peroxide scavenging activity: The cucurbit extracts revealed concentration
dependent H.O, scavenging activity. An increase in the total quantity of the extract rendered a
proporticnate increase in the scavenged H,O, radicals (Fig. 3). Le displayed maximum H,O, radical
inhibition from 38 to 92% with an increase in the volume of extract from 100 to 50O pl.. At 100 pl,,
Ls displayed about 71% inhibition which increased gradually to 76% with the increase in the
extract volume from 100 to BOO pL. The activity of scavenging peroxide radicals was enhanced from
23 to 78%, when the volumes of Cp extract were enhanced from 100 to 300 pL and maintained a
plateau thereafter up to 500 pl.

Antimicrobial activity (well diffusion assay): .. rhamnosus rendered a zone of inhibition (ZI)
of 4 em diameter against K. coli. Addition of cucurbit extracts in the well enhanced the ZI,
generated by L. rhamnosus. The cucurbits alone did not reveal any antimicrobial effect directly;
however they augmented the antimicrobial activity of L. rhamnosus. Le did not manifest any effect
on the ZI since the ZI was 4 ecm that was equal to the control. However, Lis and Cp increased the
diameter of ZI which remained as 4.4 and 4.2 em (Table 2).

Modulation of L. rhamnosus generated biofilm by cucurbits: The modulating effect of the
cucurbits on biofilm formation by L. rhamnosus has been shown in Table 3. The density of the
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Fig. 8: H,O, scavenging activity of different cucurbit extracts, each value is a mean of three
experiments and has been expressed as MeantSE

Table 2: Antimicrobial activity of L. rhamnosus and its modulation by cucurbit extracts

Cucurbit extract (in well) L. rhamnosus broth (in well) E, coli broth (in agar plate) (uL) Zone of inhibition (cm)
2mL (L. siceraria) _ 100 Zane absent,

2 mL (L. eylindrica) _ 100 Zone absent,
2mL (C. pepo) _ 100 Zone absent

- 2 mL broth 100 4.0+0.2

500 uLi (L. cylindrica) 2 mL broth 100 4.0+£0.03

500 uL (C. pepo) 2 mlL broth 100 4.240.01

500 pLi (L. siceraria) 2 mL broth 100 4.440.3

Each value is a mean of three experiments and has been expressed as MeantSE

Table 3: Effect of cucurbit extracts on the biofilm formed on the plastic pegs by L. rhamnosus

Bacteria+cucurbit Absorbance at 600 nm
L. rhamnosus (alone) 0.18+0.01
L. rhamnosus+C. pepo 0.20+0.01
L. rhamnosus+L. siceraria 0.21+0.01
L. rhamnosus+L. cylindrica 0.26+0.02

Kach value is a mean of three experiments and has been expressed as MeantSE

bacterial cells (L. rhamnosus), dislodged from pegs, was determined by measuring the absorbance
at 600 nm. The density of the cells of L. rhamnosus in biofilm generated without cucurbits, revealed
the absorbance as 0.184. L. rhamnosus cells in the biofilm however increased in presence of
cucurbit extracts. In presence of Le, extract maximum abscorbance observed was 0.26 however, in
presence of Lis and Cp extract; the absorbance remained as 0.211 and 0.20, respectively (Table 3).

DISCUSSION

Cucurbits have several active biomolecules like cucurbitacins A, B, C, D, E, I, J, KK, L and their
glycosides, flavonoids and flavone glycosides (Torkey ef al., 2009). The cucurbitacins are of great,
interest because of their wide spectrum of biclogical activities like cytotoxic, hepatoprotective,
cardiovascular, antidiabetic, antioxidant, anti-inflammatory, analgesic and anti-proliferative
activities. Gill and Bali {(2011) have shown the anti-ulcer and antioxidant activities of tetracyclic
triterpenoids (cucurbitacins) extracted from Cucurbita pepo seeds.

Flavonoeid and phenolic contents are the other important bioactive molecules responsible for
wide spectrum of biological characteristics as cell proliferation enhancement, immunomodulatory,
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antioxidant, anti-allergic and anti-inflammatory agents (Knekt ef al., 2002; Pattanayak et al.,
2012; Elzaawely and Tawata, 2012). Therefore, in the present study, the flavonoid contents in Ls,
Lc and Cp were investigated and Ls was observed to contain the highest amount of flavoncids in
comparison to Le and Cp (Table 1).

DFPH assay is known to give reliable information concerning the antioxidant ability of the
tested compounds (Huang et al., 2005). It depends on the color change of DPPH sclution from
purple to yellow as the radical i1s quenched by an antioxidant (Karagozler et al., 2008). The
hydrogen or electron donation by antioxidants like cucurbits leads to the scavenging of free
radicals. This reduces the number of DPPH radicals and protects the host body from oxidative
damage. Ls displayed the DPPH radicals scavenging activity much higher than those displayed by
Le and Cp. Thus Ls having higher amount of flavonoids and DPPH scavenging activity could have
more potential as an anticxidant out of three cucurbits studied here.

The antioxidant and reduction potential activity proceeds in a complementary manner,
therefore reduction potential may be used as an indirect indicator of antioxidant activity
(Yen et al., 2001). It is known that the presence of an antioxidant in a solution reduces Fe® to Fe?
and the Fe? complexes so formed lead to the formation of ferrie-ferrocyanide complex. The
ability to reduce the Fe® to Fe? may be attributed to hydrogen donation by phenclic compounds
(Shimada et al., 1992). The results of this study indicated a good correlation between the quantity
of flavonoids (Table 1) and increase in reduction potential (Fig. 2).

Hydrogen peroxide is a weak oxidizing agent that crosses cell membrane barrier rapidly and
inactivates a few enzymes directly. It can react with Fe? and poessibly Cu® ions to form hydroxyl
radicals and thus may be responsible for many of the toxic effects and oxidative damage
{(Wijeratne et al., 2005). Therefore, to protect the living system, it is necessary to remove hydrogen
peroxide from the site for protection of the living system. Here, Le displayed the maximum activity
of peroxide scavenging as compared to Lis and Cp.

Lactobactlli produce various antimicrobial substances and protect gut from pathogens
{Amdekar et al.,, 2010). Nisin i1s one of the most effective antibacterial agents, produced by
Lactobactllus lactis which has been widely used as food preservative (Delves-Broughton, 2005).
The antimicrobial agent produced by the strain of L. rhamnosus used here, has not been
characterized, however, its antimicrobial effects were evaluated. The up-regulation of antimicrobial
activity of L. rhamnosus in the presence of cucurbits was evaluated by monitoring zone of
inhibition (ZI) generated for contreolling the growth of E. eoli. The results indicated that various
cucurbits differed in their supportive mechanism that yielded antimicrobial up-regulation in
L. rhamnosus. Different cucurbits contained different kinds of bicactive molecules which may be
responsible for such variations in the magnitude of action. The molecules, responsible for such
action, need to be investigated further for establishing structure-function relationship.

Probioties like Lactobacillus protect the gut from pathogens and free radicals by forming a
physical barrier (biofilm) on the gut mucosa (Jones and Versalovie, 2009; Kullisaar ef al., 2002).
Some probiotic bacteria attach themselves to the surface of epithelial cells while others prefer to
remain embedded in the extracellular polymeric substances forming a matrix outside in absolute
vicinity of the cells. Further, some of the probiotic bacteria occur mainly as dispersed bacterial cells
while others form micro-colonies. For control of many diseases, the gut probiotic bacterial population
is seriously jeopardized and require urgent replacement. The exogenous administration of
Laectobactlli through probictic capsules does increase the levels of loosely adherent Lactobactilus
cells to some extent. However, administration of such probiotics i1s not often able to establish
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themselves as an integral part of gastro-intestinal biota and specially the biofilm. Some dietary
supplementation like inulin-type fructans could offer a better alternative to stabilize the gut
mucosal barrier (Kleessen and Blaut, 2005).

In cur study, cucurbits have been shown to render positive effects on the biofilm (barrier)
formation and augmentation of antimicrobial activity of L. rhamnosus, reduce inflammation and
enhance immunity. Thus a common dietary substitution could be used as a sitotherapeutic agent
for digestive disorders.

CONCLUSION

The present study explicitly reveals that dietary cucurbits, investigated here, have appreciable
antioxidant activities and support the growth of L. rhamnosus and its antimicrobial activity.
Therefore, these varieties of plants can be very useful in averting the free radical induced damage
and enhancing immuno-competence and reducing inflammation mediated patheologies. However,
tn vitve study would be necessary before a formulation of some prophylactic, therapeutic and
medicinal products from these cucurbits.
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