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ABSTRACT

The present study was carried out to screen ingdatfi anthelmintic, pancreatic amylase and pantietipase
inhibitory activity of 17 Streptomyces species (Dt PO-16 and PO-18) isolated from soils of défd places of
Western Ghats of Shivamogga district, KarnatakajdnInsecticidal activity was assessed in termsaoficidal
effect against ¥ and 3° instar larvae of Aedes aegypti®2nstar larvae were more susceptible to extractgmvh
compared to § instar larvae. Isolates PO-02, PO-08 and PO-11veo marked larvicidal efficacy when compared
to other isolates. Anthelmintic activity, in termastime taken for paralysis and death of worms, wadormed
using adult Indian earthworm model. Two isolate r§nPO-02 and PO-13 showed marked anthelminticaffi.
Amylase inhibitory effect of solvent extracts westad against pancreatic amylase. Isolates PO-13 R®-14
displayed marked inhibitory effect when comparedtteer isolates. Inhibitory activity of solvent exdts against
lipase activity was tested against lipase from klicpancreas. Among isolates, two isolates nam@kL® and PO-
01 showed high and least inhibitory activity agailijgase activity respectively. In conclusion, ptaemyces species
of Western Ghats of Shivamogga district are pramgisesources for development of insecticidal anth@mintic
agents and enzyme inhibitors. Further studies arbe carried out to isolate active principles frawlvent extracts
and to determine their bioactivities.
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INTRODUCTION

Soil is one of the richest reservoirs of severadkiof microorganisms. The rhizosphere region @fisshown to
contain huge number of microbes owing to the senraif exudates by plant roots. Soil microbes ames@ered as
one of the important sources of natural productsiniga many beneficial effects. Actinomycetes (order
Actinomycetales) are gram positive, filamentouskargotes characterized by high GC content in tigeinome.
Typically, actinomycetes produce two types of migkelz., substrate (growing on or within substrafiand aerial
mycelium (grow erect and produces spores). Thegansidered as biotechnologically valuable prokeyaue to
their capacity to produce a large number of bieactnetabolites having agricultural as well as vetay use,
mainly antibiotics. They are the dominant produagrbioactive metabolites among microbes. Actinoetgs are
among the most important soil microbiota. Soil mathycetes live primarily as saprophytes derivingjrtimutrition
from organic matter present in soil. In soil, treyntribute to significant turnover of complex bidyroers such as
cellulose, pectin and lignin. Among various actiryeetes genera, the genB8sreptomycess known to be the
dominant genera, especially in soil. They have jolex a vast majority of bioactive compounds havingimercial
importancg1-7].

Western Ghats of India covers an area of 1,80,060vkhich is just under 6% of the land area of Indiaing one

of the global biodiversity hotspots, Western Ghetgbor >30% of all plant, fish, herpeto-fauna, sjrdnd mammal
species found in India. The hill ranges of West@imats runs through states viz., Gujarat, Maharasi@oa,
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Karnataka and KeralgB,9]. Several studies have been carried out on bidbgictivities of actinomycetes from
different places of Western Ghats of Karnataka asihgumbe, Talakaveri, Thirthahalli, Kodachadm@nbeli and
Kudremukh. Bioactivities such as antimicrobial, iaxidant, enzyme inhibitory, insecticidal, cytotoxi
anthelmintic, analgesic, anti-inflammatory, CNS mssant and antipyretic activities have been etddbby
actinomycetes isolated from soils of Western Gladtdarnataka[10-20]. In our previous study, we reported
antimicrobial and cytotoxic potential of solventtracts of 17 Streptomycespecies recovered from different
rhizosphere soils of Western Ghats of Shivamoggtidi, Karnataka, India. These isolates were shtonexhibit
antimicrobial, antioxidant and cytotoxic activif21]. In the present study, we report antioxidant, étiselal,
anthelmintic and amylase and lipase inhibitory \aigti of solvent extracts of these 17 bioacti@&reptomyces
species.

EXPERIMENTAL SECTION

Streptomyces species used in this study

The bioactiveStreptomycespecies selected for this study were recoverad fitozosphere soil samples collected at
different places of Western Ghats of Shivamogg#idis Karnataka, India. Isolation and identificati of isolates
and solvent extraction was described in our eadiady. Solvent extracts showing marked antimiabhttivity
were selected for this stud®1].

Insecticidal activity of solvent extracts

Insecticidal activity of different concentration$ solvent extracts was tested again$t @hd ¥ instar larvae of
Aedes aegyptinosquito. In brief, 20 larvae were transferred ibtmakers containing different concentrations of
solvent extracts (0.25, 0.50, 1.0 and 2.0mg/mltoAtrol was kept without adding extract. The laidét effect of
extracts was determined by counting the numbeeatidarvae after 24 houis4].

Anthelmintic activity of solvent extracts

The anthelmintic activity of solvent extracts waerfprmed using adult Indian earthworheretima posthuma
model. The worms of equal size were selected and washed using normal saline (0.85%) to removeargbUS
matter. Six worms were transferred into normalrgationtaining different concentrations of solvexttacts (0.25,
0.50, 1.0 and 2.0mg/ml). The time taken for patalgsmd death of worms was noted. Paralysis wasteaidcur
when no movement of worms was observed except iemvorms were shaken vigorously. The death time wa
recorded when worms did not show movement on shakigorously and when dipped in slight hot wated°(@).
Normal saline served as contfag].

Pancreatic lipase inhibitory activity of solvent exracts

The inhibitory activity of different concentratiors solvent extracts (10-500ug/ml) was tested agjaiipase
extracted from the chicken pancreas. The activitipase was determined by incubating an emulsiontaining
8ml of olive oil, 0.4ml of phosphate buffer and laflpancreatic lipase for an hour in rotary shaKére reaction
was stopped by the addition of 1.5ml of acetone35%d ethanol (1:1). The liberated fatty acids wéetermined by
titrating the solution against 0.02M NaOH using mpdlphthalein as an indicator. Lipase inhibitoryidty of
different concentrations of extract was tested lyimg 10Qul of each concentration of extract, 8ml of oil esiah
and 1ml of chicken pancreatic lipase followed bguipation of 60 minutes. The reaction was stoppeddulng 1.5
ml of a mixture solution containing acetone and 9%%tanol (1:1). The liberated fatty acids were deieed by
titrating the solution against 0.02M NaOH. The bition of lipase activity (%) was calculated usthg formula:
Lipase inhibition = (A - B/A) x 100, where A is Bge activity, B is activity of lipase when inculzhteith the
extract[14]. 1Cso value was calculated by Origin 6 software. It desathe concentration of extract required to
produce 50% inhibition of enzyme activity.

Pancreatic amylase inhibitory activity of solvent gtracts

The inhibitory activity of different concentrationsf solvent extracts (10-500ug/ml) was determingairsst
pancreatic amylase (porcine) by following the metldayasriet al [23] with minor modifications. The enzyme
(0.5%) was prepared in phosphate buffer (pH 6rBhrief, 50Qu of different concentrations of solvent extractsia
500ul of 0.1M phosphate buffer (pH 6.8) containing aas@ were incubated at 25°C for 10min. After
preincubation, 50@ of a 1% starch solution in 0.1M phosphate buffgf 6.8) was added to each tube and the
tubes were further incubated at 25°C for 10 mire Témaction was stopped by addition of 1ml of das#licylic acid
reagent. The same was performed for control wheraat was replaced with buffer. The test tubesewsaced in a
boiling water bath for 10min and cooled. To eadbetulOml of distilled water was added and the dizswre (A)
was measured at 540 nm. The inhibition of amylasi@ity (%) was calculated using formula:

Amylase inhibition (%) = (AsgControl - AssdExtract / A,dControl] x100.
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ICso value was calculated by Origin 6 software. It desathe concentration of extract required to predb0%
inhibition of enzyme activity.

RESULTS

Insecticidal activity of solvent extracts

Result of insecticidal activity of solvent extradtsterms of larvicidal activity against Il and linstar larvae of.
aegyptiis shown in Figure 1 and 2. Extracts of 7 out @fidolates were not effective in causing mortatify2™
instar larvae. Extract of isolate PO-02 and PO-@Bised >50% mortality of "2 instar larvae at 2mg/ml
concentration. Extracts of 8 isolates were notatiffe in causing mortality of'3instar larvae. Remaining extracts
caused larvicidal effect in a dose dependent man®€rinstar larvae were more susceptible to extracts. A
concentration 0.25 and 1.0mg/ml, none of the etdrdisplayed larvicidal activity. Overall, when cpaned to other
isolates, isolate PO-02, PO-08 and PO-11 exhiliitarked insecticidal activity against'and ¥ instar larvae.
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Figure 1: Mortality of 2™ instar larvae by solvent extracts
025 m035 mw]l m2

un
Q

5

w
[=]

[
Q

Mortality of II instar larvae (%)
5

e
=

[
Ln

L3
=

[ ]
L

[
=}

—
L

—
=
1

Mortality of III instar larvae (%0)

Lh
1

0 T T T T T T T T T T T T T T T 1
F P P NS PN IR IR
& 10 Q“ &L E q‘j FEEFELEELETELE

Isolates

Figure 2: Mortality of 3" instar larvae by solvent extracts
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Anthelmintic activity of solvent extracts of seleatd actinomycetes

Table 1 shows the result of anthelmintic activifysolvent extracts in terms of time taken to capaealysis and
death of adult earthworms. Out of 17 isolates,ddaies were totally lacking anthelmintic effect.hét extracts
showed dose dependent anthelmintic activity. Ndnéhe isolates caused paralysis and death of watnextract
concentration 0.25mg/ml. At 0.5mg/ml, effect wassedved only in case of PO-02. Among extracts, nthrke
anthelmintic effect was observed in case of exivhtdolate PO-02 and PO-13.

Table 1: Anthelmintic activity of solvent extractsof selected actinomycetes

Time taken (minutes) by different concentrations ofxtracts (mg/ml) to cause paralysis (P) and dea{D) of

Isolat worms
soates 0.25 05 1.0 2.0

P D P D P D P D
PO-01 - - - - - - 185.00 233.00
PO-02 - - 235.00 295.00 185.00 208.00 135.00 168.00
PO-03 - - - - - - 205.00 285.00
PO-04 - - - - - - - -
PO-05 - - - - 265.00 335.00 195.00 248.00
PO-06 - - - - - - - -
PO-07 - - - - - - - -
PO-08 - - - - 310.00 365.00 232.00 268.00
PO-09 - - - - - - - -
PO-10 - - - - 205.00 278.00 168.00 195.00
PO-11 - - - - 233.00 282.00 181.00 202.00
PO-12 - - - - 305.00 392.00 276.00 321.00
PO-13 - - - - 105.00 178.00 85.00 143.00
PO-14 - - - - - - - -
PO-15 - - - - - - - -
PO-16 - - - - - 375.00 446.00
PO-18 - - - 303 00 356.00 231.00 268.00

-’ No paralysis or death even after 8 hours
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Figure 3: Inhibition of Amylase activity by solventextracts

Pancreatic amylase inhibitory activity of solvent gtracts

The result of effect of extracts against activifypancreatic amylase is shown in Table 2 and Fi§uiEhe extracts
exhibited inhibitory activity against amylase aitihin a dose dependent manner. The inhibitionroflase activity
ranged from 10 to 66% at extract concentrationQéfiig/ml. The 1Gvalues ranged from 213.33 to 1690.03pg/ml.
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Marked and least inhibitory activity was observedcase of extract of isolate PO-13 and PO-14 andd®O
respectively.

Table 2: ICso values (amylase inhibition) of solvent extracts

Extract | ICsq (ug/ml) | Extract | 1Csc (ug/ml)
PO-01 887.74 PO-10 1099.32
PO-02 392.64 PO-11 581.83
PO-03 943.67 PO-12 431.74
PO-04 1690.03 PO-13 231.66
PO-05 - PO-14 213.33
PO-06 769.81 PO-15 591.72
PO-07 903.07 PO-16 591.43
PO-08 599.49
PO-09 6584 PO-18 642.13

Pancreatic lipase inhibitory activity of solvent exracts of selected actinomycetes

Figure 4 and Table 3 shows the effect of solvelriaels to inhibit activity of chicken pancreatipdise. The activity
of lipase was affected when incubated with extrattse extracts exhibited dose dependent inhibitcivity
against lipase. At concentration 500pg/ml, inhdritof enzyme ranged between 12 to 58.50%. Thegv&ues for
extracts ranged from 384.71 to 2555.1ug/ml. Amoxigaets, potent and least inhibitory activity wdsserved in
case of PO-16 and PO-01 respectively.
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Figure 4: Inhibition of lipase activity by solventextracts

Table 3: ICs values (lipase inhibition) of solvent extracts

Extract | ICsq (ug/ml) | Extract | 1Csc (ug/ml)
PO-01 2555.1 PO-10 750.43
PO-02 664.65 PO-11 536.3
PO-03 786.75 PO-12 936.49
PO-04 1112.8 PO-13 499.05
PO-05 481.38 PO-14 419.16
PO-06 1080.13 PO-15 1986.09
PO-07 665.11 PO-16 384.71
PO-08 498.32
PO-09 147212 PO-18 1005.55
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DISCUSSION

Insecticidal activity of extracts of Streptomyces species

Mosquitoes transmit more diseases than any otloempgef arthropods. The speciesfafophelesCulex Aedesetc.,
are known to transmit several dreadful diseasegsd&hliseases affect millions of people all over wweld,
especially in developing and under developing coesit These mosquito-borne diseases are prevalemtany
countries and India being a country with high imcide of mosquito borne diseases. Mosquitoes trargmi
threatening diseases such as malaria, yellow fedsrgue fever, chikungunya ferver, filariasis andstWile virus
infection. Hence, mosquito control is extremelyesg®l so as to prevent mosquito borne diseasedcaimdprove
quality of environment and public health. The usk synthetic insecticides such as organochlorine and
organophosphate compounds is a widely used apprimsicbontrolling mosquitoes. However, the use ofsin
insecticides is accompanied with certain drawbatich as high cost, harmful effect on human andratbe-target
populations, residual problem and resistance dewedmt in mosquitoes. Therefore, search for altefnat
ecofriendly, cost-effective, target specific agdntsontrol mosquito vectof24-28].

The crude extracts and purified metabolites of vactinomycetes have shown to exhibit potent dtisielal
activity against various kinds of insect peR28-32]. In the present study, we evaluated insecticidsivigy of
extracts ofStreptomycesspecies in terms of larvicidal effect againdt and ¥ instar larvae ofA. aegypti
Susceptibility of larvae to solvent extracts varatording to the developmental stage i.& irstar larvae were
shown to be more sensitive to solvent extracts Biamnstar larvae. Solvent extracts exhibited doseeddpnt
larvicidal effect. Similar dose dependent larvididdficacy was observed in case of extracts obthifrem
Streptomycespecies isolated Western Ghats of Karnataka agdififsrent larval development stage of mosquito
aegypti[14,15,31] Several researchers have shown the efficacytafaaaycetes to exhibit insecticidal activity in
terms of larvicidal effect against larvae of seVermsquitoes. The study of Mishet al [30] showed potent
insecticidal activity of several genera of actinaetgs against larvae Af aegyptimosquito. EI-Khawaghbt al [33]
showed the efficacy of seven speciesStieptomycessolated from Egypt to cause 100% mortality &fiBstar
larvae ofCulex pipiensThe study of Vijayakumaet al [34] revealed the marked potential Streptomycespecies
and Streptosporangiurspecies to cause mortality of larvaeAasfophelesAnwaret al [28] showed 100% mortality
of 39 instar larvae ofC. quinquefasciatudy threeStreptomycespecies isolated from salt range, Pakistan. More
recently, Shuklat al [35] observed larvicidal effect of soil actinomycetgsiast 4" instar larvae oA. aegypti

Anthelmintic activity of Streptomyces species

Helminthic infections are considered to be onehef inost common infections affecting human popuataops
and livestock all over the world. Parasitoses Hzeen of concern for centuries. These infectiongrae common

in developing countries. These infections resultsmalnutrition, anemia, eosinophilia, and pneumoriae
principal mode for control of these parasitic heiths is based on the use of commercial anthelnsinlowever,
indiscriminate use of these drugs resulted in sdxdrawbacks including development of resistant¢es€ alarming
situations i.e., increase in development of anth@lmresistance and toxicity have triggered imnegenssearch on
searching alternatives against gastrointestinalatedeq10,15,36,37] Crude extracts and purified compounds from
actinomycetes are shown to exhibit anthelminticvigt[10,15,38-42]

In the present study, we evaluated anthelmintitvigtof solvent extracts of selectestreptomycespecies using
adult Indian earthworms due to anatomical and miygical resemblance with the human intestinal dwwrm
parasiteg43,44] Studies have shown the anthelmintic potentiaBtEptomycespecies isolated from Western
Ghats of Karnataka. In an earlier study, we shodesk dependent anthelmintic activity of butanotaett of two
Streptomycespecies isolated from AgumBEQ]. In another study, Kekudzt al [15] showed anthelmintic efficacy
of ethyl acetate extract &treptomycespecies SRDP-07 isolated from a soil sample oftfidnalli. The study of
Al-Doori et al [40] revealed the inhibitory effect &treptomycestrain S-70 against dog round woflraxocara
canis Culture filtrates ofStreptomyces avermitilisolates significantly inhibited egg hatching Mkloidogyne
incognita[41]. Novel macrocyclic lactones isolated fr@@treptomyces avermitiiNEAU1069 caused nematocidal
activity againstCaenorhabditis eleganpt5]. Fervenulin and isocoumarin, isolated from thetuwel filtrate of
Streptomycesp. CMU-MHO021 were shown to possess inhibitoryéigtagainst egg hatching and juvenile stage of
the root-knot nematodd. incognita[42].

Pancreatic lipase inhibitory activity of Streptomyces species

Dietary lipids are the major source of unwantediias. Obesity or hyperlipidemia is developed whwnbalance
between energy intake and expenditure is lost. Bbes a worldwide health problem that has increls¢ an
alarming rate. Obesity is associated with a sexfesevere diseases such as atherosclerosis, hygierie diabetes,
and dysfunction of certain organs. Often, obesitghown to be a strong risk factor for type 2 diebeThe use of
drugs (mainly inhibitors of nutrient absorption)dontrol lipid metabolism offers a possible wayptevent or treat
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obesity. Targeting enzymes involved in lipid metébo is one of the widely used approaches for tneat of

obesity. Pancreatic lipase is the main lipid-digpgstenzyme which acts on dietary triglycerides amelds the

lipolytic products. Inhibition of pancreatic lipase an attractive targeted approach for the treatroé obesity.

Orlistat is one of the clinically approved drugs feeatment of obesity treatment and is shown hibih pancreatic
lipase. Globally, it is one of the best-selling gisuhowever, it causes some side effects suchhastobls, oily

spotting, and flatulence. Hence, interest in seagclipase inhibitors lacking the side effects isah more focused.
Natural products from plants, animals and microlpessent an exciting opportunity for the discovemd a
development of newer anti-obesity agqi®,46,47,48]

Researchers have shown that crude extracts aniedurompounds from actinomycetes possess inhipéotivity
against lipas§l4,49,50] In the present study, we determined inhibitoficaty of extracts oStreptomycespecies
against chicken pancreatic lipase. The extractglalied concentration dependent inhibition of enzyausvity.
Only 2 isolates displayed >50% inhibition of enzyawtivity at extract concentration 500ug/ml. At centration
500ug/ml, inhibition of enzyme ranged between 158%0%. The Ig, values for extracts ranged from 384.71 to
2555.1ug/ml. Among extracts, potent inhibitory waityi was observed in case of PO-16. Similar dosgeddent
inhibition of chicken pancreatic lipase activity Iextracts ofStreptomycespecies isolated from Agumbe was
observed in our previous studigie},51,52] Novel pancreatic lipase inhibitors PanclicinsB,C, D and E from
Streptomycesp. NR 0619 were shown to inhibit porcine pandécdgiase[49]. (E)-4-Aminostyryl acetate, isolated
from Streptomycesp. MTCC 5219, showed marked inhibition of baetdipase and porcine pancreatic lip§se].

Amylase inhibitory activity of solvent extracts

An estimate reveals that 285 million people, woiltky have diabetes and there will be a 54% incrégs2030.
Various approaches have been used to treat diali@essuch approach is to reduce the post praglgiz¢mia. The
retardation of absorption of glucose can be ackiebg inhibiting enzymes amylase and glucosidasechvhi
hydrolyze carbohydrate. In small intestine, the yemz pancreatica-amylase hydrolyzes the starch to
oligosaccharides and maltose. Another enzymglucosidase (membrane bound) hydrolyzes di- and
oligosaccharides to glucose. Inhibition of theseyemes reduces the rate of starch digestion andehelecreased
post-prandial blood glucose levels especially imbdtic patients. Acarbose is one of the well knalwngs which
acts by inhibitinga-glucosidase pancreatic-amylase and is widely used to treat type-2 diabekéowever,
Acarbose and related drugs do have some side £ffeich as abdominal pain, flatulence and diarrfiba has
necessitated search for new amylase inhibitors frataral sources possibly lack side eff¢d6& -56].

It has been shown experimentally th&treptomycesspecies possess amylase inhibitory activity. Bigac
metabolites from actinomycetes have shown promisimgerms of inhibition of amylase activity. Haing
proteinaceous-amylase inhibitor, isolated from the culture fitie ofS. griseosporeu¥M-25 inhibiteda-amylases

of animal origin[57]. Similarly, Acarviostatins isolated frof@treptomycestrain ZG0656 were shown to inhibit
porcine pancreatia-amylase53]. In the present study, we evaluated amylase itdnpefficacy of solvent extracts
of Streptomycespecies to inhibit pancreatic amylase. The extraghibited concentration dependent inhibition of
amylase activity. Among isolates, potent inhibitamstivity was shown by PO-14 while isolates PO-64 0-05
revealed least inhibitory activity. It has beenwhahat solvent extracts @treptomycespecies exhibit amylase
inhibitory efficacy. In a study, ethyl acetate extr of Streptomycesp. VITPK9 andStreptomycesp. VITSTK7?
exhibited dose dependent inhibitory activity aghiesamylase[55]. In another study, ethyl acetate extract of
Streptomycesp. VITMSS05 was shown to exhibit concentrationegelent inhibition of amylase activif§6].

CONCLUSION

In conclusion, theéstreptomycespecies of Western Ghats of Shivamogga distripears to be promising resources
for development of insecticidal and anthelmintieraig and enzyme inhibitors. Further studies onwergoof active
compounds from the solvent extracts and their biaigc determinations are to be carried out.
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