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Abstract- Microbial secondary metabolites have been known for their miraculous powers and have been
exploited in almost all fields of human welfare. Many have a firm grip in pharmaceutical and other industries. In
today’s scenario, alpha glucosidase inhibitors have drawn ample scope as they have considered good candidates
to treat diabetes. Understanding the importance of alpha glucosidase inhibitor and keeping in mind potentials of
microbial secondary products, this research study was undertaken. The aim of this research study was to isolate
pigment producing microbes and to screen out the pigments that have alpha glucosidase inhibitory activity. One
bacterium that was able to produce dark maroon color pigment was isolated. A protocol was developed to
completely extract the pigment. The pigment was purified by silica gel column chromatography and purity of
each fraction was confirmed by performing ascending thin layer chromatography. Purified fractions obtained
were tested for alpha glucosidase inhibitory activity. The pigment was found to possess good alpha glucosidase
inhibitory activity. As pigment had a good activity, attempts were made to enhance the pigment production in
less time. It was observed in the research process that one of the sugar alcohols has positive effect on pigment
production so considering this fact, we speculated that other sugar alcohols might increase the pigment yield
substantially. To check and test out speculation, we performed an experiment and our postulation turned into a
fact. In presence of dulcitol the pigment production was doubled. The pigment was produced at large scale

within short time by using dulcitol in the medium.

Key words- Maroon bacterial pigment, Serratia marcescence, Purification, sugar alcohols, alpha glucosidase

inhibitor, enhanced pigment production.
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Introduction-

One of the major chronic disorders is ‘Diabetes mellitus’ which is specified by chronic hyperglycemia. This is
due to disturbances in fat, protein, and carbohydrate metabolism occurring from obstruction in insulin secretion,
insulin action or both (Swagat et al., 2016). Hyperglycemia which results from complete deficiency in insulin
secretion is called Type | Diabetes Mellitus (Type | DM) and which results from reduced and improper working
of insulin is called Type 2 Diabetes Mellitus i.e. Type Il DM (Nizam et al., 2014). Type 2 diabetes accounts for
90% to 95% of all diabetes cases, as stated by National diabetes statistic reports, 2017. Type Il DM used to be
frequent only in adults and therefore used to be called as “adult-onset” diabetes but in recent years its becoming
more common in children. For 2017, the International Diabetes Federation (IDF) estimated the total number of
adult diabetics (aged between 20 and 79 years) all over the world 425 million or thereabouts and it is presumed
to increase in 2025 by 5.4% (Kim et al., 2009). Chronic hyperglycemia causes many associated disorders
wherein vital organs e.g. eyes, nerves, kidneys, heart may get affected. There might be a damage, dysfunction or
failure of vital organs (Andichettiar et. al., 2013). Diabetes may give rise cardiovascular diseases (Asma et. al.,
2015) and atherosclerosis (Boutati et al., 2004). Diabetes also induces oxidative stress (Ceriello, 2008) which has
been considered as a major pathophysiological connection between diabetes and cardiovascular diseases

(Guigliano et al., 1996). Therefore there has been a need to control the diabetes by using safe and effective drugs.

Alpha glucosidase inhibitors have been considered as good candidate to combat diabetes. Alpha glucosidase
inhibitors defer the rate of digestion and absorption of intestinal carbohydrate by competitively blocking

glucosidase enzyme. (Maity S et al., 2016; Krentz AJ 2005)

Few glucosidase inhibitors are available commercial. Many alpha glucosidase inhibitors have been obtained
from natural sources, best of them those are exploited clinically to effectively treat diabetes mellitus (to control
blood sugar) are acarbose and voglibose. Most of the drugs available in the market (including acarbose and
voglibose) to treat and control the diabetes pose certain side effects like diarrhea, nausea, dyspepsia, myocardial
infarction, peripheral edema, dizziness (Sabjan et. al., 2012; Vishwakarma et. al., 2010; Mertes, 2001). Their tedious

multistep synthesis and their association with clinical side effects have imposed a need to search new inhibitors
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(Jelena B et al., 2017). Due to the importance of antidiabetic agents and their role in controlling diabetes-related

mortality, the search for newer antidiabetic drugs continues.

Microbial metabolites dispense an enormous and highly diversified natural chemical reservoir from which we
can explore the new drugs as potential therapeutic agents by bioactivity-targeted screenings (Elya B et al., 2011;

S. H. Lam et al 2008).

In this research study, we decided to screen out bacterial and fungal pigment for their alpha glucosidase
inhibitory activity because many microbial pigments have been exploited clinically as an anti-inflammatory (Ch.
Romay et al., 2003), anti-carcinogenic effects (F. Chen et al., 1995; J. Schwartz et al., 1998), anti-hepatotoxic
(C.A. Gallardo-Casas et al., 2010), Antioxidant (Dahah et al. 2016), antiviral (Sanchez et al.2006) agent.
Prodigiosin is associated with many pharmacological activities. Prodigiosin has found to possess good and
effective anticancer activity (Elahian F et al., 2012; Beatriz Montaner and Ricardo Pérez-Tomas 2003; M.C.
Abrahantes-Pérez et al., 2006). This pigment has been checked on more than 60 cancer cell lines with average
inhibitory concentration of 2.1 uM (Williamson et al. 2007, Manderville 2001). Prodigiosin has also reported to
possess antimalarial (Singh and Shekhawat 2012, Darshan N et al., 2015), antimicrobial (Darah Ibrahim 2014,
Rahul K et al., 2017) and many other important activities. Microbial pigments are present in diverse structures
that create a big aspiration that many of them could match with the enzyme’s substrates and could be exploited
as effective natural inhibitor for enzymes that could be used for treating diseases in future. Considering the need
of alpha glucosidase inhibitors and recognizing the clinical potentials of microbial pigments this research study

was designed and undertaken.

Materials and Methods

Chemicals and glassware-All chemicals and glasswares were procured from renowned and acclaimed chemical
and glassware manufacturers. All chemicals used for the study were of analytical grade and have given herein.
All glasswares were purchased from from Scott Duran manufacturer (DURAN®, Germany). Enzyme B-
Glucosidase from sweet almond, its substrate p- Nitrophenyl B-D-glucopyraniside(PNPG), silica mesh (200-400

mesh size),Nutrient agar, Potato dextrose agar was purchased from (Hi-Media, Mumbai,India). Na;HPOa,
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NaH>POs, Dimethyl sulfoxide (DMSO), NaCOs, Acetone, Petroleum ether, methanol were purchased from

Sigma-Aldrich, USA.
Isolation of Pigmented Bacteria-

For isolation of pigmented bacteria and fungi, soil and water samples were collected from oil contaminated soil
and water bodies. These places were contaminated by oil industry’s effluent. Samples were collected aseptically
in clean and sterile plastic bottles and bags. The samples were brought into the laboratory and thereafter kept
with due consideration. In case of soil samples, one gram of soil sample was blended with 10mL of distilled
water and was fomented for few minutes for proper mixing. In case of water samples, 1ml of water sample was
mixed with 9ml of sterile distilled water and 1mL from stock was transferred to a tube containing 9 ml of sterile
distilled water and in this way samples were serially diluted up to 10”dilution. Aliquots from 10, 107 was
spread on sterile nutrient and potato dextrose agar plates. Plates were incubated at 30°C for 48-72 hours. After

every 24 hours plates were observed for the colorful pigmented colonies.
Screening for Maximum Pigment Producing Strain-

The isolated pigmented bacteria were precisely evaluated for their pigment producing ability. All isolated
pigmented bacteria were grown on Nutrient agar medium, and were kept for the incubation at 30°C for 48 hours.
The bacterium that was showing intense, dazzling pigment within short incubation period was selected and was

considered for the further studies.

Production of Pigment in various nutrient medium- The isolated bacterium that was selected in screening
step was able to produce dark maroon intracellular (Figure 1), when present on solid nutrient medium and
extracellular pigment (figure 2) when present in liquid nutrient medium. In order to determine media that favors
maximum intracellular and extracellular pigment production, the isolated bacterium was grown in different
media like Nutrient broth, Czapek Dox Broth, Peptone Glycerol medium, glycerol beef extract broth, Peptone
water, Zobell marine broth. Bacterium was grown in liquid and solid medium. Centrifugation of broth was
performed with relative centrifugal force of 3600xg for 20 minutes by using REMI research centrifuge (REMI,

India). The supernatant was used to measure the pigment yield. Absorption of broth was measured at 470nm in
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spectrophotometer (Elico UV-Visible double beam spectrophotometer). The uninoculated broth was used as blank in

this measurement.

Extraction Of Pigment- Both extracellular and intracellular pigments were extracted by developing a suitable
solvent system. Various solvent combinations were used to completely extract the pigment from broth and cells.
For extraction of intracellular red pigment, 10mL acetone was put in Petri plate containing red colonies. The
colored acetone solution was transferred into a beaker thereafter it was filtered to remove impurities. The
colored filtrate was presumed to contain many cellular constituents and other impurities, as it was not looking
glassy. To separate only pigment, that colored filtrate was taken in separatory funnel and an equal amount of n-
Hexane was added in that separatory funnel. The mixture was mixed thoroughly for 2-3 minutes and then it was
left undisturbed for 5 minutes. Two layers of acetone and n- Hexane were observed in separatory funnel. The n-
hexane layer that had only pigment in it was removed separately into a clean beaker. The obtained layer was

dried and was used as crude pigment extract.(figure 3)

Extraction of extracellular diffused pigment in broth was carried out by solvent extraction method. The broth
was centrifuged with relative centrifugal force of 3600xg for 20 minutes by using REMI research centrifuge
(REMI, India). The cells were separated and red colored cell free supernatant was used to extract red pigment.
Supernatant was concentrated in rotary evaporator. 1mL acidified methanol (4mL HCI in 96mL methanol) was
added in 5mL of concentrated supernatant and it was mixed well. Then equal amount of chloroform was added
and mixture was swirled. The red pigment that had transferred into chloroform layer was separated, dried and

was used as crude pigment extract.

Identification of bacterium- The isolated and selected bacterium was identified on the basis of its
morphological, biochemical characters. For identification, first of all Gram staining was carried out. Bergueys
manual of bacteriology was followed to identify the bacterium according to its Gram nature. Ultimately, the
strain was identified and confirmed by performing the automated VITEK 2 system (Biomerieux, INC., Durham,

NC, USA)
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Figure 1- Intracellular pigment of Figure 2- extracellular pigment of
Serratia marcescence isolated for oil Serratia marcescence
contaminated soil

R
\ S ——

Figure 3- Intracellular pigment of
Serratia marcescence isolated for oil
contaminated soil

Confirmation of nature of extracellular and intracellular pigment- Thin layer chromatography of
intracellular and extracellular pigment was performed to confirm whether these two pigments were same or
different. Ascending thin layer chromatography was carried out on TLC plates (Merck, USA). Equilibration of
chromatography chamber was done by keeping solvents in that chamber for 15 minutes. The dry crude
intracellular and extracellular pigment extract was dissolved in petroleum ether and both samples were spotted
on TLC plate. For TLC, ethyl acetate: Petroleum ether (7:3), solvent system was used. After complete drying of
sample spot, the plate was kept in equilibrated chamber with sample and was allowed to run. The plate was

removed from the chamber and was observed under short UV, Long UV and visible lights.
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Presumptive test for prodigiosin- As the pigment was red in color and was showing peculiar Prodigiosin like
characters, we performed a test to confirm the type of pigment. A method of Gerber and Lechevalier, 1976 was
followed. 5ml of extracted pigment was taken in two test tubes. One tube was made alkaline and one was
acidified with the help of IN HCL and 1M NaOH. If the pigment in acidified tube turns to pink or red and in

alkaline test tube turns to yellow or tan, confirms a positive presumptive test for Prodigiosin.

Purification of Pigment- Ascending thin layer chromatography was performed on TLC plates (Merck, USA) to
screen and judge the number of different fractions in the crude intracellular pigment extract. Equilibration of
chromatography chamber was done by keeping solvents in that chamber for 15 minutes. The dry crude sample
was dissolved in petroleum ether and sample was spotted on TLC plate. For TLC, ethyl acetate: Petroleum ether
(7:3), solvent system was used. After complete drying of sample spot, the plate was kept in equilibrated chamber
with sample and was allowed to run. The plate was removed from the chamber and was observed under short

UV, Long UV and visible lights.

The fractions were separated moreover by using Silica gel column chromatography. The crude sample was
dissolved in 2-3ml of petroleum ether and it was absorbed on small quantity of silica gel (HiMedia, 200-400
mesh size). For fractionation, a vertical glass column made from borosilicate material was used. The column
was cleaned well with acetone and was thoroughly dried before packing. The column was prepared by slurry
method and was cautiously packed. Sample was loaded on top of the column (450mm in length x 18mm in
diameter). The fractions were eluted with gradient elution method. First, column was run 2-3 times with
Petroleum ether. Then a mixture of Petroleun ether and ethyl acetate (80:20) was used to elute the compounds.
Amount of ethyl acetate was slowly increased (60:40, 40:60, 20:80) and 100% ethyl acetate was used to get
fractions separated without mixing. To elute the compounds which were still retained to column, possibly polar
in nature, acetone and methanol (80:20) solvent system was used. The methanol was slowly increased like

(60:40, 40:60, 20:80) and at last pure methanol was used to elute a compound that was retained to column.

Alpha glucosidase inhibitory activity- All the three purified fractions (SN1, SN2 and SN3) of a pigment were
tested for alpha glucosidase activity. The inhibitory activity of compounds was estimated by following method

of Matsui et al., 1996 but some changes were adopted. For this assay, purified alpha glucosidase enzyme
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(purchased from HiMedia, India) and its substrate p- Nitrophenyl B-D-glucopyraniside (purchased from

HiMedia, India) were used.

To perform this assay, the alpha glucosidase enzyme solution and its substrate was set at 0.5unit/ml and 5mM
respectively in 0.1M phosphate buffer. A reaction mixture was made by adding 500uL of enzyme, 2ml of
phosphate buffer (01.M) and 400 pL of test sample. The mixture was shaken well and was incubated at 37°C for
30 minutes. After incubation, 500 pL of substrate was used added in the reaction system and the system was
again incubated for 20 minutes. Thereafter, 2ml of 0.2M sodium carbonate was added to stop the enzymatic
reaction. Sample compounds were prepared in DMSO at concentration of 1mg/mL. Acarbose was used as
positive control for this inhibition assay. For every sample compound, a sample, blank, control and positive
control was prepared. Blank tubes were prepared without addition of enzyme alpha glucosidase and with test
compound, phosphate buffer, substrate and sodium carbonate. Control tubes were prepared by adding enzyme,
phosphate buffer, substrate and sodium carbonate without test compounds. In sample tube, compound that had
to be tested were added with all other components whereas in positive control, acarbose was added instead of
sample compounds. Absorbance of blank, positive control, sample, and control systems were recorded at

405nm. The percentage of alpha glucosidase inhibition was calculated by following formula.

[A405 Control — Asos Sample)] y

100
ODse20

Percent inhibition(%) =

Enhanced production of Prodigiosin with sugar alcohols- In our research study, it was noted that the
Prodigiosin production under glycerol had increased considerably. This observation made us to speculate that
other sugar alcohols might also support enhanced pigment production. For proving our speculation, and to know
whether sugar alcohols support enhanced pigment production or not we performed an experiment. It was
presumed that sugar alcohol might increase the pigment yield. To check the effect of sugar alcohols and to find
out most effective sugar alcohol for highest Prodigiosin production, we set this experiment. We used Nutrient
broth (HiMedia) with composition- Peptone 10g/L, Beef extract 10 g/L, Sodium chloride 5 g/L and Peptone
glycerol broth with composition- Meat extract 10 g/L, Peptone 10g/L, Glycerol 10mL/L. Glycerol, Mannitol,

Sorbitol, Dulcitol, Adonitol, Inositol, Xylitol sugar alcohols were used for the experiment. In peptone glycerol
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broth, we substituted glycerol with all selected sugar alcohols in separate flasks. In nutrient broth, we added 1%
of each sugar alcohol in a flask. All these flasks were inoculated with equal 5ml of fresh well grown culture
media. Un-inoculated medium was kept as controls. All flasks were incubated for 72 hours at 30°C. these two
medium were used to confirm only sugar alcohols are responsible for increased yield or other media components

also play a role in enhancement.

Estimation of prodigiosin production- The produced prodigiosin in each flask was quantified by measuring
the absorption at 470 nm which was the absorption maxima of produced pigment. The red colored broth was
centrifuged with relative centrifugal force of 3600xg for 20 minutes. The supernatant was used to estimate the

prodigiosin production.
Isolation and screening of pigment producing strains-

In isolation, many bacteria with pink, yellow, orange, red pigments were isolated. In screening, the most intense,
tempting colony with faster growth rate was selected for the studies. A bacterial colony that appeared after only
24 hours on nutrient agar plate that was dark maroon in color was selected for the studies. The bacterium was
producing an exceptional, captivating pigment in quite less time. Other pigment producing bacteria were also
producing good pigments but they were slow in growth pigment production rate hence they were not considered

for the present study.
Production of Pigment in various nutrient medium-

The isolated bacterium was producing very intense and fast pigment in Peptone Glycerol medium, glycerol beef
extract medium. Both intarcellular and extracellular pigment was produced maximum when this medium was

used. Pigment production in Czapek Dox medium was also comparable (Table I).
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Medium Nutrient Czapek Peptone glycerol Zobell Peptone Luria
used broth Dox Broth Glycerol beef marine water Bertani
medium extract broth broth
broth
Absorptio 1.964+0.0 1.915+0.0 2.405+0.0 2.248+0.0 1.633+0.0 1.787+0.0 1.606+0.0
n at 1 1 4 7 6 6 3
470nm

Table 1. Prodigiosin production in various medium.

Identification of bacterium-

The isolated bacterium was identifies as Serratia marcescence on the basis of morphological, biochemical

characters and by performing the automated VITEK 2 system analysis.

Confirmation of nature of extracellular and intracellular pigment- In thin layer chromatography, it was
detected that both inrtracellular and extracellular pigment were same as all the fractions and spots were obtained

at a same place on chromatogram.

Presumptive test for prodigiosin- Although bacterium was identified as Serratia marcescence,and this
bacterium is known to produce prodigiosin pigment, we performed a presumptive test to confirm the type of
pigment because there is always a strong possibility that bacterium might produce diverse kind of pigments

irrespective of the class it belongs to.

In presumptive test, the pigment under acidic environment turned to pink and when it was in alkaline

environment it turned to yellow. This showed that the pigment was prodigiosin.

Purification of Pigment-

In TLC, we observed three spots on the chromatogram. These three different compounds were separated by
executing silica gel column chromatography. The first fraction was eluted with n-Hexane and ethyl acetate
mixture (80:40). The compound was pink in column. The second compound got eluted when pure ethyl acetate
was used. The compound was Pink in column. The third compound got eluted in methanol solution. We did

TLC of all samples for confirming the purity of samples collected in test tubes and test tubes with same
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compound were pooled together. These three compounds were named serially as SN1, SN2, SN3 and were

stored in vial and were used for further analysis.

Enhanced production of Prodigiosin with sugar alcohols- Results of this experiment went in favor of our
speculation. In presence of most of sugar alcohols, the pigment production was greater than the control (pigment
production in absence of sugar alcohols). The pigment production was considerably increased when dulcitol was
used in medium. When xylitol and inositol was used in medium, no pigment production was observed. Mannitol
also does not increase the pigment yield. Dulcitol, adonitol and sorbitol supported maximum and fast pigment
production (Table II). As pigment production was increased in both medium with same sugar alcohol, it also

proved that other media components are not responsible for the enhancement in pigment production.

Many researchers have reported enhanced production of prodigiosin by using various media components.
Anuradha et al., 2004 in her research study reported fourty fold increase in prodigiosin yield by powdered and
sieved peanut seed. Esabi Basaran et al., 2015 reported increase in prodigiosin production when ram horn

peptone was used in medium. Prodigiosin production was also enhanced by using tannery solid waste by C.

Sumathi et al., 2014.

Mediu NB+Man NB+sor NB+glyc NB+inos NB-+dul NB+ado NB+Xyl NB

m+ nitol bitol erol itol citol nitol itol

sugar

alcohol

Absorpt 1.482 3.927 2.015 No 4.354 4.103 No 1.964+0
ion at pigment pigment .01
470nm

Mediu Peptone Peptone Peptone Peptone Peptone Peptone Peptone Peptone
m+ mannitol sorbitol glycerol inositol dulcitol adonitol Xylitol water
sugar broth broth broth broth broth broth broth

alcohol

Absorpt 1.648 3.954 2.405+0. No 4.864 4.245 No 1.845+0
ion at 04 pigment pigment .04
470nm

Table Il-effect of sugar alcohols on yield of prodigiosin.

Alpha glucosidase inhibitory activity- The compound SN1 and SN2 showed good inhibitory activity whereas

the fraction SN3 didn’t showed inhibitory activity. The inhibitory activity of SN1 was as good as acrbose. The
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acarbose at Img/ml showed 60% of inhibition and SN1 purified fractions could inhibit up to 65%. The SN2
showed 40% of inhibition (Figure 4). The results designated that studied compounds could potentially be used to

control postprandial hyperglycemia.

percent inhibition of alpha glucosidase enzyme

70
60

50

40

30 ercent

20 inhibition of
alpha

10 lucosidase...

Percent inhibition of enzyme

SN1 SN2 SN3 Acarbose
Name of comounds

Figure 4- Graph showing percent inhibition of compounds in assay

a-Glucosidase inhibitors are good at treating noninsulin-dependent diabetes mellitus because they postpone
glucose absorption in intenstine and thereby avert the increase of postprandial blood glucose level. (Gunawan-

Puteri MPJ et al., 2010)

Conclusion

The presented work reported for the first time alpha glucosidase inhibitory activity of prodigiosin. The current
research study underscored the ability of purified fractions of prodigiosin pigment as a potent source of alpha
glucosidase inhibitor. Consequently, the degree of activity of the compound makes it a wealthy source to
discover more active derivatives in on-going studies. The study also divulged about the increased production of

studied pigment thereby this could be exploited in industries in future.

References-

Abrahantes-Pérez MC, Reyes-Gonzélez J, Véliz Rios G, Bequet-Romero M, Gomez Riera R, Anais Gasmury C,
Huerta V, Gonzélez LJ, Canino C, Garcia V, Véldez J, Reyes B, Valdes R, Martinez E. (2006).Cytotoxic
Proteins Combined with Prodigiosin Obtained from Serratia marcescens Have Both Broad and Selective
Cytotoxic Activity on Tumor Cells. Journal of Chemotherapy 18:2, 172 181, DOI: 10.1179/j0c.2006.18.2.172.

JETIR1908303 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 1022


http://www.jetir.org/
https://doi.org/10.1179/joc.2006.18.2.172

© 2019 JETIR June 2019, Volume 6, Issue 6 www.jetir.org (ISSN-2349-5162)

Andichettiar TS, Tapan KC (2013). In vitro and in vivo antidiabetic activity of Polyalthia longifolia (Sonner)
Thw. Leaves. Oriental pharmacy and experimental medicine 13(4) : 289-300. https://doi.org/10.1007/s13596-
013-0118-2.

Anticancer and immunosuppressive properties of bacterial prodiginines. Future Microbiol. 2(6):605-18.
Anuradha VG, Nandini A, Geetha M, Gautam P (2004) .A novel medium for the enhanced cell growth and
production of prodigiosin from Serratia marcescens isolated from soil. BMC Microbiology 4(11):1-10.

Asma B, Echaimaa C, Rachid A, Rabah D (2015) In vitro evaluation of a-amylase inhibitory activity of some medicinal
plants used in treatment of diabetes mellitus in algeria and their effect on postprandial hyperglycemia in normal rats
.International journal of phytomedicines ,7(2):171-175.

Beatriz Montaner and Ricardo Pérez-Tomés (2003). The Prodigiosins: A New Family of Anticancer Drug.
Current Cancer Drug Targets 3: 57. https://doi.org/10.2174/1568009033333772.

Boutati EI, Raptis SA (2004). Post prandial hyperglycemia in type 2diabetes: Pathophysiological aspect, teleogical notions
and flags for clinical practice. Diabetes Res. Rev. 20: 13-23.

Ceriello A (2008). Possible role of oxidative stress in the pathogenesis of hypertension. Diabetes Care, 31
(2):181-4.

Ch. Romay , R. Gonzélez , N. Ledon , D. Remirez ,V. Rimbau (2003). C-Phycocyanin: A Biliprotein with
Antioxidant, Anti-Inflammatory and Neuroprotective Effects, Current Protein and Peptide Science 4 :207-216.

Dahah H, Djibaoui R, Nemmiche S (2016). Antimicrobial, antioxidant and hemolytic effects of Pyocyanin
produced by Pseudomonas aeruginosa isolated from saline soil of Mina river, Algeria, International Journal of
Biosciences 9 :134-143. http://dx.doi.org/10.12692/1jb/9.5.134-106.

Darah Ibrahim (2014). TFNJKS-HL Prodigiosin - an antibacterial red pigment produced by Serratia marcescens
IBRL USM 84 associated with a marine sponge Xestospongia testudinaria. J Appl Pharm Sci. 4:001-006.

Darshan N, Manonmani HK (2015). Prodigiosin and its potential applications. J Food Sci Technol.;52(9):5393—
5407. doi:10.1007/s13197-015-1740-4.

Elahian F, Moghimi B, Dinmohammadi F, Ghamghami M, Hamidi M, Mirzaei SA (2013). The anticancer agent
prodigiosin is not a multidrug resistance protein  substrate. DNA  Cell Biol.;32(3):90-97.
d0i:10.1089/dna.2012.1902.

Elya B, Basah K, Mun'im A, Yuliastuti W, Bangun A, Septiana EK(2012). Screening of a-glucosidase
inhibitory activity from some plants of Apocynaceae, Clusiaceae, Euphorbiaceae, and Rubiaceae. J Biomed
Biotechnol. 2012:281078. doi:10.1155/2012/281078.

Esabi BK, Murat Ozdal, Ozlem GO, Omer FA (2015). Enhanced production of prodigiosin by Serratia
marcescens MO-1 using ram horn peptone. Brazilian Journal of Microbiology 46 (2): 631-637.

F. Chen, Q. Zhang (1995). Inhibitive effects of Spirulina on aberrant crypts in colon induced by dimethyl
hydrazine, Zhonghua Yu Fang Yi Xue Za Zhi 29:70 .

Gallardo-Casas CA, Cano-Europa E, Lépez-Galindo GE, Blas-Valdivia V, Olvera-Ramirez R, Franco-Colin M,
Ortiz-Butron R (2010). Phycobiliproteins from Spirulina maxima and Pseudanabaena tenuis protect against
hepatic damage and oxidative stress caused by Hg2+, Rev. Mex. Cienc. Farm. 41 :30-35.

Gerber NN and Lechevalier MP (1976). Prodiginine (prodigiosin-like) pigments from Streptomyces and other
Actinomyces. Canadian Journal of Microbiology 22: 658-667.

Guigliano D, Ceriello A, Paolisso G (1996). Oxydative stress and diabetic vascular complications. Diabetes Care 19: 257-
267.

Gunawan-Puteri MPJ, Kawabata J (2010). Novel a-glucosidase inhibitors from Macaranga tanarius leaves. Food
Chem; 123:384-389.

JETIR1908303 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ‘ 1023


http://www.jetir.org/
https://link.springer.com/journal/13596
4
https://doi.org/10.1007/s13596-013-0118-2
https://doi.org/10.1007/s13596-013-0118-2

© 2019 JETIR June 2019, Volume 6, Issue 6 www.jetir.org (ISSN-2349-5162)

Jelena B. Popovi¢-Djordjevi¢, Ivana I. Jevti¢, Nadja Dj Grozdani¢, Sandra B. Segan, Mario V.

Kim GN, Shin JG, Jang HD (2009) Antioxidant and antidiabetic activity of Dangyuja (Citrus grandis Osbeck) extract
treated with Aspergillus saitoi. Food Chemistry 117: 35-41.

Krentz AJ, Bailey CJ. Oral antidiabetic agents: current role in type 2 diabetes mellitus. Drugs 2005;65:385—411.

Lam SH, Chen JM, Kang CJ, Chen CH, Lee SS (2008). a-Glucosidase inhibitors from the seeds of Syagrus
romanzoffiana. Phytochemistry, vol. 69(5): 1173-1178.

Maity S, Mukherjee K, Banerjee A, et al. Inhibition of porcine pancreatic amylase activity by sulfamethoxazole:
structural and functional aspect. Protein J 2016;35:237—46.

Manderville RA (2001). Synthesis, proton-affinity and anti-cancer properties of the prodigiosin-group natural
products.Curr Med Chem Anticancer Agents 1(2):195-218.

Matsui T, Yoshimoto C, Osajima K, Oki T, Osajima Y (1996). In vitro survey of alpha-glucosidase inhibitory
food components, Biosci Biotechnol Biochem. 60(12):2019-22.

Mertes G (2001). Safety and efficacy of acarbose in the treatment of Type 2 diabetes: data from 5 years surveillance study.
Diab Res Clin Pract. 2: 193-204.

Nizam U, Md. Rakib, H Md. Monir, H Arjyabrata, S Nazmul, H Mahmudul I, Mohd. M, Chowdhury H, Md. Sohel
Rana (2014). In vitro a-amylase inhibitory activity and in vivo hypoglycemic effect of methanol extract of Citrus
macroptera Montr. Fruit. Asian Pac J Trop Biomed. 4(6): 473-479.doi: 10.12980/APJTB.4.2014C1173.

Rahul K, Suryawanshi Chandrashekhar, Patil D, Sunil H. Koli, John E. Hallsworth, Satish V. Patil (2017).
Antimicrobial activity of prodigiosin is attributable to plasma-membrane damage. Natural Product
Research 31(5) : 572-577, DOI: 10.1080/14786419.2016.1195380.

References-

Swagat KD, Luna S, Hrudayanath T (2016). In vitro antidiabetic and antioxidant potentials of leaf and stem bark
extracts of a mangrove plant, Xylocarpus granatum. Journal of Herbs, Spices & Medicinal Plants 22(2):105-
117. DOI: 10.1080/10496475.2015.1057352 .

Sabjan KB, Vinoji SK (2012). In vitro antidiabetic activity of psidium guajava leaves extracts. Asian Pacific Journal of
Tropical Disease S98-S100.

Sanchez C, Brana AF, Méndez C, Salas JA (2006). Reevaluation of the violacein biosynthetic pathway and its
relationship to indolocarbazole biosynthesis, Chem Bio Chem 7:1231-40. DOI:10.1002/cbic.200600029.
Schwartz J, Shklar G ,Reid S, Trickler D (1988). Prevention of experimental oral cancer by extracts of
Spirulina-Dunaliella alga. Nutr Cancer 11 :127-134. DOI:10.1080/01635588809513979.

Sumathi C, MohanaPriya D, Swarnalatha S, Dinesh MG, Sekaran G(2014). production of Prodigiosin using
tannery fleshing and evaluating its pharmacological effects. Scientific World Journal.1-8.

Vishwakarma SL, Rakesh S, Rajani M, Goyal RK (2010). Evaluation of effect of aqueous extract of Enicostemma littorale
Blume. In streptozotocin induced type 1 diabetic rats. Indian J Exp Bio 48: 26-30.

Williamson NR, Fineran PC, Gristwood T, Chawrai SR, Leeper FJ, Salmond GP (2007).

Zlatovi¢, Milovan D. Ivanovi¢ & Tatjana P. Stanojkovi¢ (2017). a-Glucosidase inhibitory activity and cytotoxic
effects of some cyclic urea and carbamate derivatives, Journal of Enzyme Inhibition and Medicinal Chemistry
32(1): 298-303. DOI: 10.1080/14756366.2016.1250754.

JETIR1908303 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 1024


http://www.jetir.org/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matsui%20T%5BAuthor%5D&cauthor=true&cauthor_uid=8988634
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshimoto%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8988634
https://www.ncbi.nlm.nih.gov/pubmed/?term=Osajima%20K%5BAuthor%5D&cauthor=true&cauthor_uid=8988634
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=8988634
https://www.ncbi.nlm.nih.gov/pubmed/?term=Osajima%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=8988634
https://www.ncbi.nlm.nih.gov/pubmed/8988634
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chowdhury%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=25182949
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rana%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=25182949
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rana%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=25182949
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3994357/
https://dx.doi.org/10.12980%2FAPJTB.4.2014C1173
https://doi.org/10.1080/14786419.2016.1195380
https://doi.org/10.1080/10496475.2015.1057352
https://doi.org/10.1002/cbic.200600029
https://doi.org/10.1080/01635588809513979

