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Phytochemical screening, isolation, antimicrobial and antioxidant activities
of methanol, ethanol chloroform and water crude extracts of Myristica
fragrans and Tinospora cordifolia were studied in this work. The aim of this
work is to ascertain the level of antimicrobial activity and antioxidant
properties of different solvent extracts of M. fragrans and T. cordifolia as
well as isolated phytochemicals. The preliminary screening of various
extracts was carried out using E. coli, C. sakazakii and P. aeruginosa by agar
well diffusion method. The DPPH method used to determine the antioxidant

Medicinal plants. potential of plant extracts and isolated phytochemicals. Myristicin and

eugenol present in methanolic extracts exhibit direct relation with
antimicrobial and antioxidant activity while palmatine and berberine could
be responsible for T. cordifolia activities. The result showed that M. fragrans
and T. cordifolia extracts have pharmocological active compounds with great
antioxidant and antimicrobial effects. The results obtained from this study
justify the use of this plant in traditional folk medicine and provide leads
which could be further exploited for development of new and potent
antimicrobials.
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Introduction:-

The search for natural origin products with pharmacological properties has significantly contributed to the discovery
of new substances that have important uses in medicine. In this sense India stands out as a potential reservoir of
phytochemicals for having vast plant diversity and also most of plants are unexplored relative to their
pharmacological potential (Kala et al., 2006). In the middle of the many families of plants investigated, the
Myristicaceae and Menispermaceae deserve some special interest. Tinospora cordifolia (T. cordifolia) commonly
known as ‘giloy’ belongs to Menispermaceae family and Myristica fragrans (M. fragrans) commonly known as
nutmeg belongs to family Myristicaceae, well known medicinal plants in Indian traditional folk medicine. Taking
account of the vast prospective of plants of their antimicrobial as well antioxidative properties, systematic
investigation was commenced to screen the local Indian flora for their antimicrobial as well antioxidative properties
from M. fragrans and T. cordifolia. Extracts from kernel of M. fragrans and stem of T. cordifolia are extensively
used in folk medicine for infectious, inflammatory and oxidative stress conditions ( Hinneburg et al., 2006; Yano et
al., 2006; Tajjudin et al., 2003; Jayaprakash e al., 2015).

Analysis of the crude extract of M. fragrans using gas chromatography coupled to mass spectrometry (GC/ESI-MS)
indicated the presence of alkyl benzene derivatives (myristicin, elemicin, safrole, etc.), trimyristin, mace-lignan,
terpenes, myristic acid, neolignan, B-pinene and a-pinene (Pandey et al., 2015; Qiu et al., 2004). 2,7-Diphenyl-1,6-
dioxopyridazino(4,5:2°,3”)pyrrolo, Propanoic acid, (4°,5’-d)pyridazine, hydroxymethylcolchicines, palmatine and
berberine were reported from the stem extracts of T. cordifolia ( Albinjose et al., 2015). T. cordifolia well known as
giloy has shown antispasmodic, antipyretic, antineoplastic, hypolipidemic, hypoglycemic, immunopotentiating, and
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hepatoprotective properties (Sing et al., 2003; Jagetia et al., 2006; Adhvaryu et al., 2007). The plant extracts and
metabolites of M. fragrans have been shown to have hypolipidemic, hypocholesterolemic, hepatoprotective, anti-
depressant, anti-bacterial, aphrodisiac, memory enhancer, property, anticarcinogenic, and anti-inflammatory
activities ( Sonavane et al., 2002; Zaidi et al., 2009; Hussain et al., 1991; Ozaki et al., 1989).

Previous studies have revealed the individual reports regarding the antibacterial, antifungal and antioxidant activities
of M. fragrans and T. cordifolia but lack specific activity of particular plant part and its constituents regarding
phytochemical analysis, antimicrobial and antioxidant activity. In our continuing efforts for finding new effective
antioxidant and anti-microbial agents from natural sources, we have investigated the stem extracts of T. cordifolia
and kernel of M. fragrans for their bioactive constituents. For the first time an attempt was made to evaluate the
antimicrobial potential of constituent of M. fragrans and T. cordifolia plants against food borne pathogen C.
sakazakii which is main causative agent of meningitis and had 40% mortality rate (Lai, 2001; Caubilla-Barron et al.,
2007). E. coli, being more significant among other food borne pathogens due to its severe consequences of infection
affecting all age groups, distinctive acid tolerance and low infectious dose causing, is being included in the study. P.
aeruginosa is another food borne pathogen mostly affecting people with compromised host defense mechanisms and
mostly colonizing the lungs of patients with cystic fibrosis in both young as well as adults (Lim et al., 2010; Yoon et
al., 2002).

In our study we try to find out the most active constituent of plant extract against selected food borne pathogens. In
this study, therefore, various experiments performed for investigating a range of concentrations of crude extract
from M. fragrans and T. cordifolia plants and the individual purified fractions were conducted to evaluate the
potential for development of new natural antibacterial medicine. The antimicrobial properties of these plant extracts
that target cellular viability of bacteria has been adequately discussed previously, but very little research have
highlighted the effects of their purified compounds in modulating various aspects of bacterial virulence, critical for
pathogenesis in the host. The overall objective of study was to ascertain the bioactivity of extracts and fraction of
plants on selected food borne pathogens and identify the probable compound present in fraction.

Materials and Methods:-

Bacterial Strains and Chemicals:-

Standard strains of the following organisms were used in this study procured from Institute of Microbial technology
(IMTECH) Chandigarh in lyophilized powder form. They included: Escherichia coli (MTCC-443), Cronobacter
sakazakii (MTCC-2958) and Pseudomonas aeruginosa (MTCC-424). These organisms are food borne pathogens
and leading cause of acquired infections and high mortality rate. They were selected on their prevalence and
increase in the resistance against standard antibiotics. DMSO and Silica gel 60 were obtained from Merck, TTC.
Distilled water, hexane, benzene, acetonitrile, ethyl acetate, ethanol, methanol, chloroform, formic acid and ascorbic
acid were obtained from HiMedia. Mueller Hinton Agar media and Mueller Hinton Broth were also obtained from
HiMedia. DPPH was obtained from Sigma-Aldrich.

Resuscitation of Bacterial strain:-

Bacterial isolates of test organisms were obtained from stock cultures maintained at our laboratory. Resuscitation of
the cultures was done by inoculating the organisms on Mueller Hinton Agar (MHA) and plates incubated at 37 °C
for 24 hours. They were frequently sub-cultured on MHA or Nutrient agar slants and stored in the refrigerator.

Preparation of plant extract:-

The plant materials were dried for one week and then powdered with the help of mortar and pestle and preserved in
air tight bottles for further use. 25 gm of plant sample was used for extraction and placed in the thimble of Soxhlet.
The solvents were Methanol, Ethanol, Chloroform and Water used for extraction. The soxhlet was running for 48
hrs and solvent mixed extract collected in round bottom flask. Filtrate was evaporated to near dryness to obtain a
final concentration. For further studies, the extract was reconstituted with 10 ml of solvent. Each solution was stored
at 4°C in sterilized tubes until further use.

Antimicrobial Susceptibility Testing:-

Sensitivity testing of M. fragrans and T. cordifolia extracts was done using the agar well diffusion method
previously described by Irobi et al 1994(Irobi et al., 1994). The bacterial isolates were grown in Muller Himlton
Agar (MHA). Plates were inoculated with the organisms prepared at 0.5 McFarland standards. Wells were bored
into the agar medium using sterile 6 mm cork borer. Four holes were bored in one plate. The first two wells were
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filled with solution of the extract at concentrations of 100 and 50 mg/mL. The other two wells were filled with a
positive control (ciprofloxacin 1.25 mg/mL) and negative control [dimethylsulfoxide (DMSO)]. For proper diffusion
of the solution into medium the plates were kept in Laminar Air follow for 20 minutes before incubation. Plates
were incubated for 24 hrs at 37°C. After 24 hrs zone of inhibition was observed and evaluated by measuring
diameter of Zone of inhibition. The experiment was replicated three times and zones of inhibition reported as mean
+ SD. That extract which gives maximum zone of inhibition was chosen for Minimum Inhibitory Concentration.

Determination of the Minimum Inhibitory Concentration of the Plant Extracts:-

The Minimum Inhibitory Concentration (MIC) of Methanolic extracts of M. fragrans and T. cordifolia against food
borne pathogens were determined by using two fold broth microdilution method of 96 wells microtiter plate
described by Njume et al 2011 (Njume et al., 2011). Two stock solutions of methanolic extracts at a concentration
40 mg/ml were prepared with DMSO. All the extracts mixed properly and sterilized by using 0.45 um membrane
filter paper. Approximately 50pl of each extract was added to the first well containing 50 pl of Muller Hinton broth
(MHB) and serial diluted by two fold method, resulting in final concentration raging from (40 mg/ml to
0.0781mg/ml). Subsequently 50 pl of bacterial suspension containing 1-2x10® CFU/ml was added into the 1st and
11th well. The 11™ well served as control well and 12" well as negative control. The plates were incubated for
overnight at 37° C. The procedure was repeated thrice for each extract. For detection of MIC value dye indicator is
used. For Gram negative 40 pl of 2,3,5 triphenyltetrazolium chloride (TTC) used. After addition of this dye plate
was stored for 2 hrs in dark condition. In presence of bacteria TTC is reduced to red formazan which is directly
proportional to the viable active cells.

Determination of the Antioxidative Properties of the Plant Extracts:-

The scavenging activity of M. fragrans extracts and T. cordifolia bark extracts was determined using DPPH (2,2-
diphenylpicrylhydrazyl) assay with some minor modifications described by bolis (Albu et al., 2004). This method
depends on the reduction of purple DPPH (Sigma-Aldrich) to a yellow colored diphenylpicrylhydrazine. The
determination of the disappearance of free radicals was done using a spectrophotometer. The remaining DPPH
which showed maximum absorption at 517nm was measured. Each plant extract sample's stock solution (10 mg/ml)
was diluted to final concentrations of (9, 8, 7, 6, 5, 4, 3, 2 and 1 mg/ml) in DMSO (Merck). 1 ml of a 0.3 mM DPPH
was added to 2.5 ml of sample solution of different concentrations. The antioxidant ascorbic acid (HiMedia) was
used as positive control and prepared in the same manner as above. As DPPH is sensitive to light, it is exposed to
the minimum possible light. These solutions were allowed to react at room temperature (RT) for 30 minutes. The
absorbance values were measured at 518 nm and converted into the percentage antioxidant activity using the
following equation:

Free radical scavenging activity (%): Abs (control) —Abs (sample) x100
Abs (control)

Where, (Abs = Absorbance)

ICsq value was calculated using plotting graph in excel that represent at which minimum 50% inhibition is done.
Phytochemical fractionation and antimicrobial analysis:-

Column Chromatography:-

Column chromatography was used as a purification technique. A glass column was prepared by packing the column
with slurry of silica gel having 60-120 mesh size. A 40 cm long and having 2.5 cm diameter was used for separation
of compounds. The mixture was then loaded onto the above mentioned silica gel column and simultaneously
equilibrated with different elution solvents and mixture of solvents mainly hexane, benzene, ethyl acetate, formic
acid, toluene and methanol. The eluted sample collected and concentrated on rotary evaporator to remove the excess
solvent.

Determination of Minimum Inhibitory Concentration of fractions:-

The Minimum Inhibitory Concentration (MIC) of the isolated fractions was evaluated by two fold micro-broth
dilution method performed in 96-well plate as previously described for the extracts; active fractions were further
analyzed to determine the purity. Ciprofloxacin was used as a positive control at 1.25 mg/ml. An ELISA microplate
reader adjusted to 620 nm was used to measure the absorbance of the plates before and after incubation at 37 °C.
The absorbencies were compared to detect an increase or decrease in bacterial growth. The lowest concentration of
the fraction resulting in inhibition of bacterial growth was recorded as the MIC by ELISA microreader plate.
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Gas chromatography-Mass Spectrometry analysis of Fractions:-

Gas chromatography-Mass Spectrometry (GC-MS) technique was used in this study to identify the components
present in the extracts of the test plant. GC-MS technique was carried out at NIPER, Mohali. Experimental condition
of GC-MS system was as silica capillary column was used. Mobile phase was helium gas and flow rate 1ml/min
operating at electron impact mode. The injection volume of sample was 0.5pl, injector temperature 250° and ion
source temperature 280°C. The oven temperature was programmed at 40°C raised upto 250°C. Mass spectra were
taken at 70 eV at a 0.5 seconds intervals and running time set 50 minutes for samples.

Results:-

Susceptibility Testing:-

The zones of inhibition (clear zones on agar) for all three microorganisms were measured in mm at different
concentration and the breakpoint for susceptibility was taken as >11 mm. Table 1 showed the antimicrobial activity
of various extracts of M. fragrans against three selected gram negative foodborne pathogens. The methanolic extract
of M. fragrans showed satisfactory antimicrobial activity against all three pathogens. Maximum antimicrobial
activity of methanolic extract of M. fragrans was observed against E.coli (25+0.7) and lowest detected against p.
aeruginosa (18+1.3). The ethanolic exract of M. fragrans was less potent than the methanolic extract and showed
highest activity against E. coli (24+1.1) followed by C. sakazakii (19+1.9) and P. aeruginosa (18+1.3). While
antimicrobial activities of chloroform extracts of M. fragrans was slightly lowered as compared to the other extracts.
Chloroform shows highest antimicrobial activity against E. coli (22+2.3) followed by P. aeruginosa (19+2.3) and C.
sakazakii (15+1.3). While water extract demonstrated poor activity against any of the test organism. The present
study strongly supports that M. fragrans have strong antibacterial property against all pathogens. The antimicrobial
property could be attributed to occurrence of various compounds in extracts (Gupta et al., 2013). In an another study
methanolic extract of M. fragrans shows inhibitory effect against gram positive and gram negative bacteria that also
supports our findings (Sazia et al., 2015).

T. cordifolia extracts exhibited variable inhibitory response against pathogenic bacteria. Table 2 showed that
methanolic extract of T. cordifolia highly active against all three tested organism followed by chloroform and
ethanolic. E. coli exhibited appreciable sensitivity to methanolic, ethanolic and chloroform extracts with zone of
inhibition values of 26mm, 25mm and 23mm respectively at 100 mg/mL. Similarly P. aeroginosa also shows
variabile susceptibility against methanolic, ethanolic and chloroform extract. P. aeroginosa was highly sensitive
against methanolic extract (25+2.33) and reasonably observant against chloroform extract (25+2.64). Ethanolic
extract was least active against P. aeroginosa, while distilled water extract shows no effect. Against C. sakazakii
methanol extract of T. cordifolia possess highest antimicrobial activity (23+1.52) followed by ethanolic and
chloroform extract. Distilled water extract was totally inactive against C. sakazakii and didn’t show zone of
inhibition. The plant extract was less potent than standard antibiotic ciprofloxacin to which pathogens were highly
sensitive. Previous study shows that T. cordifolia exhibit strong antimicrobial activity against gram positive and
gram negative pathogens. In study conducted by Monali et al 2015, methanolic extract of T. cordifolia exhibit strong
antibacterial activity against both gram positive and gram negative pathogens (Mishra et al., 2015). Study conducted
by Shivam singh et al 2012 revealed that methanolic extract of T. cordifolia produces considerable antimicrobial
activity (singh et al., 2012).0n the basis of finding methanolic extract was selected for fractionation for indentifying
the component involved in antimicrobial activity.

Minimum Inhibitory Concentration Determination:-

Minimum inhibitory concentration (MIC) is defined as the highest dilution or least concentration of the extract that
inhibit the growth of microorganisms. An antimicrobial agent and it monitors the activity of new antimicrobial
agent. MIC of methanolic extract of M. fragrans and T. cordifolia against food borne pathogens were specified in
Tables 3 and 4. The low MIC values indicated that the extract has strong antibacterial activity. The result revealed
that methanol extracts of M. fragrans possess good antibacterial activities against selected food borne pathogens
(Table 3).The methanolic extract of M. fragrans shows lowest MIC value against E. coli (0.15625 mg/ml) followed
by C. sakazakii and P. aeruginosa (0.3125 mg/ml). Study conducted by Lyekhoetin et al showed that MIC was
higher for E. coli of extract of M. fragrans (Omoruyi et al., 2012). Our study along with previous studies shows that
methanolic extract of M. fragrans is mostly active against E. coli and P. aeruginosa. Antimicrobial activity of
methanolic extract against C. sakazakii was not reported. The methanolic extract of M. fragrans was less potent than
the standard antibiotic ciprofloxacin but still shows significant bactericidal activity.
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In table 4 antimicrobial activity of T. cordifolia has been shown, with methanolic extract of T. cordifolia mostly
against E. coli and P. aeruginosa (0.15625 mg/mL). The MIC value for C. sakazakii is reported to be 0.3125mg/ml.

Column Chromatography Analysis and Minimum Inhibitory Concentration Determination of Fractions:-

A 40cm long x 2.5 cm diameter glass column was packed to height of 31 cm with slurry of silica gel 60-120 mesh
size. The M. fragrans extract filled column was eluted with 100% hexane followed by an increasing gradient of
benzene starting with 10% upto100% benzene. This was followed with a solvent system of increasing concentration
of toluene and ethyl acetate. Total nine fractions (F1-F9) of M. fragrans were collected from silica column. Test
tube fractions were collected, concentrated and then monitored with TLC and spots were detected by iodine stream.

Similarly, fractionation of methanol soluble partition of T. cordifolia by column chromatography on silica gel with
gradient using chloroform/methanol and Chloroform, Ethyl acetate and formic acid of increasing polarity afforded
eight fractions and subfractions. Fraction 1 (TF1) was chromatographed on silica gel with hexane/acetone gradient
to afford one spot. Fraction 3 (TF3) was purified on a column with methanol/water to yield pure compound.
Fraction 3 (TF 3) was chromatographed using silica column with a methanol/water and ethyl acetate, formic acid
and water gradient to furnish subfractions [TF5-TF6, EFH7 (TF7)-EFH9 (TF9)]. Isolated fraction shows significant
antibacterial activity against selected pathogens. Fraction F4 purified from methanolic extract of M. fragrans was
mostly active against P. aeruginosa followed by E. coli and C. sakazakii. MIC value of all fractionated compounds
was shown in the Table 5 and 6. Some fractions did not show any activity which means that compound was not
participating in antimicrobial property of plant extract. All fractions are subjected to be identified by GC-MS
analysis.

Determination of antioxidant activity of the fractions:-

The biological activity of much plant raw material depends on their chemical composition. The DPPH antioxidant
activity of the extracts indicates their ability to dispose of hydrogen atoms. The free radical scavenging potency of
crude extract as well as isolated fraction is presented in Table 7, 8 and 9. As illustrated the TC5 fraction was found
to be exhibit the highest radical scavenging activity (IC50-0.016). The DPPH radical scavenging activity of the
tested samples were in order of TF4>F4>methanolic extract of T. cordifolia>chloroform of T. cordifolia.The
statistic results have revealed a significant difference of the DPPH antioxidant activity between solvent extracts of
the above mentioned plants and their isolated fractions. The results show that the isolated fractions are more active
than the crude extract. The increasing interest in the search for natural alternatives for synthetic antioxidants has led
to the antioxidant evaluation of a number of plant sources.

Gas chromatography-Mass Spectrometry analysis: -

Gas chromatography (GC) chromatograms of methanolic extract of both plants from the GC system are shown in
figure 1 and 2. These extracts were selected based on their purity and their antimicrobial activity against selected
food borne pathogens. Although 17 fractions isolated via column chromatography; only four fractions were analyzed
by GC-MS. Selection of fractions based on their biological activity. The chromatogram of methanolic extract of M.
fragrans shows 10 different peaks. Ten major constituents from 10 peaks were identified as difluorodiazene,
methyleugenol, benzene, 1,2 dimethoxy-4-(1-propanyl), myristicin, elemicin, methoxyeugenol, isoelimicin, methyl
tetradecanoate, tetradecanoic acid and corynan-17-ol,18,19-didehydro-10-methoxy. Similarly GCMS analysis of
methanolic extract of T. cordifolia shows 8 major peaks. The compounds are difluorozene, vanillin lactoside
(glycoside),  5,6-dihydro-9,10-dimethoxybezo[g]-1,3-benzodioxolo[5,6-a]quinolizinium,  cordifolioside A,
nootkaton-11,12-epoxide, metholene, hexadecanoic acid (palmitic acid), methyl10-trans,12-cis-octadecadienoate.
Four fractions F4, F7, TF2 and TF4 show highest antimicrobial and antioxidant activity. Analysis of methanolic
fraction of F4 showed high level of 6-allyl-4-methoxy-1,3-benzodioxole commonly known as Myristicin shown in
figure 3. F7 fraction presented several peaks; it however had the compound 4-Allyl-2-methoxyphenol (eugenol)
identified as the major peak from this fraction shown in figure 4. TF2 and TF4 fractions showed as major
compounds hexadecanoic acid (Palmitic acid) and 5,6-dihydro-9,10-dimethoxybenzo[g]-1,3-benzodioxolo[5,6-
aJquinolizinium known as berberine were identified on the GC-MS chromatogram shown in Figure 5 and 6. Most
compounds revealed by GC-MS in this study were fatty acid and alkaloids and have been reported to have
antibacterial and antioxidant activity. The observed potent antimicrobial and antioxidant property of methanolic
extract of M. fragrans observed in our study could be likened to the presence of myristcin and eugenol while for
biological activity of T. cordifolia could be related to palmitic acid and berberine.
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Discussion:-

This study has established that the extracts and isolated compounds have moderate antimicrobial activity and
significant antioxidant activity and could be effective in treating bacterial mediated diseases and helpful in managing
oxidative stress. More specifically, in this study we have investigated the antioxidative and antimicrobial effect of
the purified constituents of M. fragrans and T. cordifolia plant extracts against three foodborne microorganism i.e.
E. coli, P. aeruginosa and C. sakazakii.The findings presented here justified the use of M. fragrans and T. cordifolia
plants in folk medicine in India. Based on the qualitative antimicrobial and antioxidant screening using DPPH assay,
methanolic extracts of M. fragrans and T. cordifolia contained antibacterial and antioxidant compounds. The
extracts of seed of M. fragrans and stem of T. cordifolia were chromatographed to provide many combined fractions
containing a mixture of aromatic compounds as observed by GC-MS analysis (fig 1 and 2).

Natural products with medicinal value are gradually gaining importance in clinical research due to their well-known
property of no side effects as compared to drugs. Tinospora cordifolia and Myristica fragrans are known for their
immense application in the treatment of various diseases in the traditional ayurvedic literature. Recently researcher
identifies many phytochemical of these plants and their role in disease control has led to active interest to use these
plants as medicinal across the globe ( Shafiei et al., 2012; Hou et al., 2012; Sharma et al., 2012; Patel et al., 2011;
More et al., 2012). This study mainly focus on isolation bioactive component of plant extract due which a crude
extract show biological activity and their role in disease control.The future scope of this study remains in exploiting
the biochemical and signaling pathways affected by the compounds isolated from Tinospora cordifolia and
Myristica fragrans so as to enable new and effective formulation in disease eradication. In this study ciprofloxacin
used as a standard antibiotic because initially ciprofloxacin was used to treat infection caused by gram negative
bacteria and here we used gram negative bacteria. Increasing ciprofloxacin consumption particularly in ICU leads to
selection of resistant mutants among nosocomial pathogens since fluoroquinolones are particularly greater selectors
of resistant among aminoglycoside, carapenems or b-lactams and these strains resistant can more easily spread than
strain resistant to other drugs ( Fasugba et al., 2015).

Extensive repeated isolation and purification by column chromatography afforded bioactive compound namely
myristicin, eugenol and elimicin from methanolic extract of M. fragrans. Previously these components isolated from
other medicinal plants such as Syzygium aromaticum(clove), Heracleum transcaucasium and Heracleum anisactis
shows significant antimicrobial activity (Devi et al., 2010; Torbati et al., 2014).

The antimicrobial activities of phenolic compounds may involve multiple modes of action. In studies it proven that
plant essential oil degrade the cell wall of bacteria, disrupt cytoplasmic membrane by interacting with composition,
damaging membrane proteins, modulate action of membrane integrated enzymes and cause leakage of cellular
components, cytoplasm coagulation, depletion of proton motive force, change constituents of phospholipids and
fatty acid, halt the energy production and metabolism, alter nutrient uptake and ATP synthesis, regulate DNA
synthesis and RNA synthesis and destroy protein translocation and mitochondrial action in eukaryotes ( Lambert et
al., 2001; Pandey et al., 2012; Raccach, 1984).

Biological activity of M. fragrans showed that its methanolic extract displayed antimicrobial activity. However,
most fractions isolated from M. fragrans showed inhibitory effect against E. coli, C. sakazakii and P. aeruginosa
while fraction F1 and F9 did not show any effects against E. coli.In addition F4 and F7 fraction displayed
antimicrobial activity against these food borne pathogens. F4 shows lowest MIC value against P. aeruginosa while
F7 mostly active against E. coli. Both these fractions display significant activity against C. sakazakii. F4 and F7
fractions were identified as eugenol and myristicin by GC-MS analysis. In previous study crude extract of M.
fragrans studied against gram positive (Shafiei et al., 2012) while we investigated the activity of the isolated
components of extracts against gram negative. Narasimhan and Dhake have reported trimyristin and myristicin as
chief antibacterial principles isolated from nutmeg ( Narasimhan et al., 2006). Three lignans, erythro-
austrobailignan-6, meso-dihydroguaiaretic acid and nectandrin-B have been isolated from the methanolic extract of
nutmeg which were reported to have antifungal activity (Cho et al., 2007).Takikawa et al also reported antimicrobial
activity of nutmeg against entero-hemorrhagic E. coli 0157 and it was believed that E. coli O157 highly sensitive to
B-pinene ( Takikawa et al., 2002). It has been exhibited that lignans and glycosides of M. fragrans are metabolized
into catechol structure which is biological active and responsible for high antioxidant potential of nutmeg (Nakai et
al., 2003). Catechol structure can easily donate phenolic hydrogen or electron to acceptor molecules which makes it
powerful antioxidant compound (Shan et al., 2005).
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Our study reveals that T. cordifolia possesses antimicrobial as well as antioxidant properties supports by previous
study conducted by Bonvicini et al shows antibacterial activity of ethanolic extract of T. cordifolia (Bonvicini et al.,
2014). Isolated fraction from methanolic extract of TF2 and TF4 shows moderate MIC value against selected food
borne pathogen. These fractions were identified as palmitic acid and berberine by GC-MS analysis. Many
compounds have been isolated from T. cordifolia which are of antimicrobial and antioxidant properties. The
biological activity of palmitic acid and berberine isolated from T. cordifolia not yet fully explored. Palmatine, an
active component of T. cordifolia shows antioxidant properties and therefore plays an important role in preventing
oxidative stress (Kim et al., 2009). It has been suggested that anti-microbial as well as antioxidant potential of plant
extract could be attributed to major and minor components, it is possible that biological activities of plant crude
extract are regulated by interaction between the minor and major components.

Figurel: GC-MS analysis of methanolic extract of M. fragrans and peak shows different components.
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Figure2: GC-MS analysis of methanolic extract of T. cordifolia and peak shows different components.
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Figure 3: GC-MS analysis of F4 fraction of M. fragrans and shows presence of Myristicin.
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Gas Chromatography conditions: column: Silica Capillary column, Carrier gas: Helium, Injection volume: 0.5 pl,
oven temperature: 250°C, loniztion method: Electron ionization (EI), flow rate: 1ml/min and running time: 50
minutes.

Figure 4. GC-MS analysis of F7 fraction of M. fragrans and shows presence of eugenol.
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Gas Chromatography conditions: column: Silica Capillary column, Carrier gas: Helium, Injection volume: 0.5 pl,

oven temperature: 250°C, loniztion method: Electron ionization (El), flow rate: iml/min and running time: 50
minutes.
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Figure 5: GC-MS analysis of fraction of T. cordifolia and shows presence of Palmitic acid.
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Gas Chromatography conditions: column: Silica Capillary column, Carrier gas: Helium, Injection volume: 0.5 pl,
oven temperature: 250°C, loniztion method: Electron ionization (EI), flow rate: 1ml/min and running time: 50
minutes.

Figure 6: GC-MS analysis of fraction of T. cordifolia and shows presence of 5,6-dihydro-9,10-dimethoxybenzo[g]-
1,3-benzodioxolo[5,6-a]quinolizinium.
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Gas Chromatography conditions: column: Silica Capillary column, Carrier gas: Helium, Injection volume: 0.5 pl,
oven temperature: 250°C, loniztion method: Electron ionization (El), flow rate: iml/min and running time: 50
minutes.
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Table 1: Zone of inhibition + SD (mm) of the fruit extracts of M. fragrans and ciprofloxacin (1.25) (mg/mL)

against organisms.

Organisms Extracts Zone of inhibition (mm) at different condition (mg/ml)
50 mg/ml 100 mg/ml Ciprofloxacin

E. coli Methanol 21+13 25+0.7 25
Ethanol 19+0.6 24+1.1 25
Chloroform 19+0.8 22+23 25
Distilled Water 0 0 25

C. sakazakii Methanol 18+15 21+1.3 22
Ethanol 10+23 19+1.9 22
Chloroform 0 15+1.3 22
Distilled Water 0 0 22

P. aeruginosa Methanol 18+1.3 21+1.1 25
Ethanol 18+15 18+1.3 25
Chloroform 14+1.6 19+23 25
Distilled Water 0 0 25

Agar well diffusion method used for antimicrobial activity and calculating zone of inhibition (in mm); standard
ciprofloxacin (1.25 mg/ml). Values are mean of triplicate reading (Mean + Standard Deviation).

Table 2. Zone of inhibition £ SD (mm) of the fruit extracts of Tinospora cordifolia and ciprofloxacin (1.25)
(mg/ml) against organisms.

Organisms Extracts Zone of inhibition (mm) at different condition (mg/mL)
50 mg/ml 100 mg/ml Ciprofloxacin

E. coli Methanol 19+0.57 26+2.64 25
Ethanol 18+2.08 25+2.08 25
Chloroform 17£1.15 23+0.57 25
Distilled Water 0 0 25

C. sakazakii Methanol 16+0.57 23+1.52 22
Ethanol 16x1.0 21+2.08 22
Chloroform 13+£1.52 2041.15 22
Distilled Water 0 0 22

P. aeruginosa Methanol 19+2.6 25+2.33 25
Ethanol 18+1.52 23+0.57 25
Chloroform 18+1.33 25+2.64 25
Distilled Water 0 0 25

Agar well diffusion method used for antimicrobial activity and calculating zone of inhibition (in mm); standard
ciprofloxacin (1.25 mg/ml). Values are mean of triplicate reading (Mean + Standard Deviation).

Table 3: Minimum Inhibitory Concentration of methanol extracts of Myristica fragrans and ciprofloxacin on test

organisms.
Organisms Extracts MIC values (mg/ml) MIC values of ciprofloxacin (mg/ml)
E. coli Methanol 0.15625 0.078125
C. sakazakii Methanol 0.3125 0.15625
P. aeruginosa Methanol 0.3125 0.078125

Minimum Inhibitory concentration (MIC) calculated by two fold dilution method using 96 wells microtitre plate.
MIC values are calculated by observing change in the 2,3,5 triphenyltetrazolium chloride (TTC) dye. Lowest MIC

values possess strongest activity. Ciprofloxacin used as a standard antibiotic for comparison.
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Table 4: Minimum Inhibitory Concentration of methanol extracts of Tinospora cordifolia and ciprofloxacin on test

organisms.
Organisms Extracts MIC values (mg/ml) MIC values of ciprofloxacin (mg/ml)
E. coli Methanol 0.15625 0.078125
C. sakazakii Methanol 0.3125 0.15625
P. aeruginosa Methanol 0.15625 0.078125

Minimum Inhibitory concentration (MIC) calculated by two fold dilution method using 96 wells microtitre plate.
MIC values are calculated by observing change in the 2,3,5 triphenyltetrazolium chloride (TTC) dye. Lowest MIC
values possess strongest activity. Ciprofloxacin used as a standard antibiotic for comparison.

Table 5: Fractionated compounds from M. fragrans and MICs in mg/mL against test organisms.

F1 F2 F3 F4 F5 F6 F7 F8 F9

E. coli ND 25 125 | 0.15625 25 0.625 | 0.078125 | 0.625 | ND
Csakazakii | ND | ND 25 03125 | 03125 | 0.625 | 0.15625 | 0.625 | ND
P.aeruginosa | 25 | 1.25 125 [0.078125 | 0.3125 | 0.3125 | 0.078125 | ND ND

Minimum Inhibitory Concentration (MIC) of fractionated compounds of M. fragrans using two fold dilution
methods using 96 wells microtiter plate calculated in mg/ml.

Table 6: Fractionated compounds from T. cordifolia and MICs in mg/mL against test organisms.

TF1 TF2 TF4 TF5 TF6 TF7 TF8 TF9
E. coli 0.15625 | 0.078125 | 0.3125 0.078125 | 0.625 0.625 ND ND
C. sakazakii | 0.625 0.15625 1.25 0.078125 | 0.3125 0.625 ND ND
P. aeruginosa | 0.625 0.078125 0.15625 0.078125 0.625 1.25 1.25 ND

Minimum Inhibitory Concentration (MIC) of fractionated compounds of T. cordifolia using two fold dilution
methods using 96 wells microtiter plate calculated in mg/ml.

Table 7: 1Csg value of various extracts of M. fragrans by DPPH method:

Plant Extracts 1Csq value of extracts 1Cs; value of ascorbic acid
Methanol 3.29+0.36 0.07+0.01
Ethanol 4,58+0.18 0.07+0.01
Chloroform 4,73+0.55 0.07+0.01
Aqgueous 4.40+0.20 0.07+0.01

Antioxidant activity of M. fragrans evaluated by DPPH (2, 2-diphenylpicrylhydrazyl) assay. In this reduction in
color was observed using absorption method and calculated the ICs, value of various extracts.

Table 8: 1Csg value of various extracts of T. cordifolia by DPPH method:

Plant Extracts 1Csq value of extracts 1Cs; value of ascorbic acid
Methanol 0.26+0.20 0.07+0.01
Ethanol 3.83+0.17 0.07+0.01
Chloroform 0.49+0.03 0.07+0.01
Aqgueous 4.40+0.20 0.07+0.01

ICs values are calculated of free radical scavenging activity by plotting scatter graph in excel and measuring ICs, by
slop equation. I1Csy represents the concentration at which 50% scavenging of free radicals.
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Table 9: Showing the 1Cso of M. fragrans and T. cordifolia fractionated compounds using ascorbic acid as a
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standard.
Fractions of M. fragrans I1Cs0 vaue (MQ/mML) Fractions of T. cordifolia 1Cs0 value (MQ/ML)
F1 8.45 TF1 --
F2 10.11 TF2 3.92
F3 9.33 TF4 0.01
F4 1.29 TF5 5.56
F5 10.44 TF6 9.85
F6 12.5 TF7 --
F7 0.11 TF8 --
F8 -- TF9 10.11
F9 -- -- --
Conclusions:-

The present study has demonstrated the antioxidative and antimicrobial activity of various extracts of M. fragrans
and T. cordifolia plants and their isolated components. We have observed that methanolic extracts of both these
plants have the highest antioxidant and antimicrobial properties. Antimicrobial and antioxidative properties of these
plant extracts are directly related with their specific components. Our study for the first time highlights that
biological activities of M. fragrans and T. cordifolia extracts are regulated by their major components. Potential of
antimicrobial activity of different solvent extracts of M. fragrans and T. cordifolia against C. sakazakii first time
evaluated. Purified compounds from both plants show significant antioxidative as well as antimicrobial activity.
High antioxidant and antimicrobial activity by M. fragrans could be an attribute of myristicin, elimicin, eugenol and
isoeugenol. Palmatine and berberine could be the possible contributor for antioxidant and antimicrobial activity of T.
cordifolia extract. M. fragrasns and T. cordifolia seems to be promising plants regarding alternative antimicrobials
against increasing numbers of pathogenic microorganisms resistant to conventional antibiotic and antioxidants
which should replace the synthetic ones. However, more studies are still needed to understand and validate the
mechanism of action of both plant extracts and their components. Also it is important to precede work on other
extraction materials and methods because use of different solvents may be give a different compound and
consequently different action. Finally, prior to use these components as antimicrobial and antioxidant agent clinical
and pharmacological standardization required.
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