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Abstract — Endophyte of medicinal plants have sharp 2005, 2007; Stonet al., 2004; Schulz and Boyle, 2005;
potential in de-novo synthesis of different bioactive Rodriguezet al., 2009). A report of Berdy, 2005 details
metabolites. These bioactive compounds are used éatly or  more than 20, 000 bioactive metabolites are ortgiha
indirectly as therapeutic agent in several ailmentsDefect in .5y different microbes. Fungi are the importargasism
insulin secretion, insulin action or both in human system which produces many novel metabolites which arel ase
named diabetes. Diabetes mellitus is causing ser®tnealth . ) .
problem and nearly half of the adult world population is drug (KOC_ket al.,, 2001; BOdeet,al" 2002; Donad'mt al.,
affected. Mycelia extract of endophytes isolated from neem 2002; Chinet al., 2006; Gunatilaka, 2006; Mitchedt al .,
were reported best inhibition ranging 15 to 38%a-amylase 2008; Stadler and Keller, 200Bjabetes Mellitus is a
and sucrose. Haemoglobin enhancement is also repedt Metabolic disorder caused due to defect in insulin
Isolated endophytes have fair activity against diagtes. secretion, insulin action or both. Diabetes maedlitis

o ) causing serious health problem and due cause oé som

Keywords — Medicinal Plants, Neem, Endophytes, Diabetes, jnheritance or changed lifestyle and food habit rftén
Glucose level. and Clark, 2002). World health organization is régwd
that nearly 200 million people in world are diageasvith
diabetes. This is the sixth leading cause of deseakted
o ] .. death. Diabetes may lead to many vascular comgitat
Medicinal plants are ‘a major source of .tradltlonaénd cause nephropathy, retinopathy and neuropathy
remedy and also securing many basic requirements @foyerley and Eschwege, 2003). WH® dstimated that
health and Ilvel!hpod. A large population of Ind&alizes gigphetes mellitus increase from 4.0 percent in yhar
remedy of medicinal plant and they are almost dégen 1995 o 5.4 percent by the year 2025 and number of
on medicinal plants. The world health ,Ofga”'zat'o%eome with diabetes mellitus in the world will irases
reported that about 80% population of Asia and Boutm 135 million to 300 million in the year 2026study
Africa sub-continent use medicinal plants and theky, assessment of antidiabetic potency presenteienm

products as primary health care (Tapselil., 2006; Lai _endophytes extract was taken in this study.
and Roy, 2004; Sherman and Hash, 20011).Neem is a

member of Meliacae family and also known as
Azadirachta india A.juss. This is a tropical evergreen tree
native to Indian sub-continent (Anonymous, 1985
Roxburgh, 1874). This is medium to large tree wifhto

|. INTRODUCTION

[I. MATERIALS AND M ETHODS

' The healthy leaves were surface sterilized by remtlif
. . ) . method of Strobekt al., 1996. Grown endophytes were
25 meter height with spreading branches. It starigting isolated and maintained on PDA slants. Isolatedgifun

after 3-5 years but on full production it comeseafiO ; P ! 2
) were identified in order tanorphological characteristics
years (Kumar and Gupta, 2002). Neem is used in .
. - . viz. colony growth, presence or absence of aerial
preparation of Ayurveda medicines since 4000 yback. ; -
. . ; mycelium, colony colour, presence of wrinkles and
In Sanskrit neem is callestista meansperfect, complete . . .
; X . .- furrows, pigment production etc. ireference to Barnett,
and imperishable. Every part of this plant has medicinal . :
S ; . 1992 by lactophenol and other stains under micpEsco
potency which is extensively used in Ayurveda, Unpan

Siddha, Naturopathy, Homeopathy and other me dicinewith 40X resolution. Qualitative and Quantitative

(Pai et al., 2004; Nathanet al., 2005; Dasguptat a characterization of Amylase, Protease, Cellulosel an

2004).An_endosymbiosis of bacterium or fungus witI?L'pase were performed. Collected compound weresscce

plant parts of its life cycle without causing anigehse or anti-diabetic activitiesa-amylase inhibitory activity,

These interactions are not only mutualistic bu,tAssay of sucrase inhibition activity and Glucoskudion

communalistic also. Endophytes were first illuschin Mmethod were pe_rformed_ fd)_n-vitr.o antidia_\k_)etic properties

the Darnel (Freemaﬁ 1904) and these lead to wistédio assessmentln-vivo anti-diabetic activities were also
’ . performed with animal model in respect to seruncgbe

search novel endophytes from different sourcesetteb level and Blood function test according to stantfzsd

understand and applicability of endophytes andrthel'aborator method

produced compounds compounds (Arnetdal., 2003, y '
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lll. RESULTS
Tab. 1. Morphological characterization of isolafexgi.
Endophyte (Morphological Colour of mycelia Pigmentation Spore arrangemen
basis)

Cladosporiumsp. Olive brown Dark browr Un-branche
Nigrosporaoryzae sp White Black Un-branchec
Sreptomyces sp White Whitish greel Branched filamentot
Acremonium sp White Not appeare Single celle
Fusarium sp White Whitish pink Sickle shape
Curvularia sp Blackish browi Greenish brow Branched sep

Tab. 2. Qualitative enzyme activities characteriwabf isolated fungi

Name of Endophyte (Morphological basis Amylase | Proteas¢ | Cellulase | Lipase
Cladosporiumsp. - + + T
Nigrosporaoryzae sp - - - +
Sreptomyces sp + + + -
Acremonium sp + - + +
Fusarium sp + - - +
Curwvularia sp - + - -

Tab 3. Quantitative enzyme activities characteiopadf isolated fungi

Endophyte (Morphological basis Amylase Proteast Cellulase Lipase
(U/ml) (U/ml) (U/ml) (U/ml)
Cladosporiumsp. 0.0C 1.22 0.2t 0.1¢€
Nigrosporaoryze sp 0.0(C 0.0C 0.0C 0.2t
Sreptomyces Sf. 2.31] 1.6: 0.4f 0.0C
Acremonium sp. 1.9C 0.0C 0.47 0.1z
Fusarium sp. 2.71 0.0C 0.0C 0.0f
Curvularia sp. 0.0C 1.17 0.0C 0.0C
Tab 4. In-vitro antidiabetic activities viaz-amylase (%) Sucrase (%).
Name of Endophyte a-amylase (% Sucrase (%
(Morphological basis) 50 ¢ 100 ¢ 200 u¢ 50 ¢ 100 ¢ 200 p¢
Cladosporiumsp. 06.C 13.C 22.4 08.7 14.5 27.2
Nigrosporaoryze sp 05.f 09.¢ 14.C 07.¢ 11.5 18.4
Sreptomyces sp 09.¢ 17.£ 29.¢ 07.z 15.2 21t
Acremonium sp 00.€ 01.: 03.C 00.t 01.1 02.¢
Fusarium sp 00.C 00.C 00.: 00.C 00.2 00.t
Curwvularia sp 00.1 00.4 01.C 00.4 00.¢ 01./
Tab 5. In-vitro glucose diffusion test.
Name of Endophyte (Morptological basis Glucose diffusion tes
50 ug 10C pg 20C ug
Cladosporiumsp. - - +
Nigrosporaoryze sp. - - +
Streptomyces sp. + + ++
Acremonium sp. - - +
Fusarium sp. - - -
Curwularia sp. - - +

Tab 6. In-vivo Serum glucose levels determinatibdiabetic induced rats with treatments

Groups Serum glucose level (fasting) mg/c
0 Day 30 Day: 60 Day:
Control 104+5.¢ 10546.: 102+5.¢
Diabetic control 242+22.! 240+25.¢ 243+26.!
Diabetic with 240+£20.¢ 106+7.. 102+8.¢
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Glibenclaimide(30mg/kg.
Diabetic with mycelium extract
Cladosporiu 250 mg/k 241+19. 160+12.¢ 150+11.¢
msp. 500 mg/ke 239+21.; 128+10.: 120+10.!
Nigrosporaor 250 mg/ke 244+20.1 148+10.¢ 145+12.:
yze sp. 500 mg/ke 235+19.{ 121+09.: 117+11.¢
Streptomyces 250 mg/ke 238+19.! 147411.¢ 139+12..
sp. 500 mg/kg 231+18.¢ 118+11. 109412
Acremonium 250 mg/ke 237+19.¢ 162+14.: 151+11.°
sp. 500 mg/ke 239+20.. 122+11.¢ 110+11.
Fusarium sp. 250 mg/k¢ 240+18.¢ 139+15.¢ 134+12.¢
500 mg/k¢ 239+19.¢ 108+14.. 102+13.¢
Curvularia 250mg/kg 242+421.! 145+11.! 142+13..
sp. 500 mg/ke 240422.{ 112+11.. 103+11.¢
Tab 7. In-vivo haemoglobin levels determinatiordiafbetic induced rats with treatments
Groups Haemoglobin gm/dL
0 Day 30 Day: 60 Day:
Control 15.80+0.8! 15.20+0.8! 15.40+0.8
Diabetic control 10.10£1.01 09.52+0.9! 07.150.9:
Diabetic with Glibenclaimide (30mg/kg’ 10.2540.9! 12.60+0.8: 13.2040.9;
Diabetic with mycelium extraci
Cladosporiumsp. 250 mg/ke 09.95x0.9. 10.92+0.9 12.0541.01
500 mg/k¢ 10.05+0.9: 11.56+0.9. 13.0(+1.1C
Nigrosporaoryze sp. 250 mg/ke 10.10£1.01 10.9540.9: 12.00£0.9:
500 mg/k¢ 10.16+0.8! 11.02+0.8! 12.90+0.9!
Streptomyces sp. 250 mg/ke 10.00£0.9:. 10.25+0.9 11.10+40.8;
500 mg/kg 09.80+0.8' 11.10+0.8: 12.15+0.9!
Acremonium sp. 250 mg/ke 09.90+092 10.24+0.8 10.98+0.8
500 mg/k¢ 09.80+1.01 11.30+0.9 12.65+0.8'
Fusarium sp. 250 mg/k¢ 10.10+0.9: 10.53+0.9: 11.10+0.8:
500 mg/k¢ 10.15+0.9' 11.40+0.8! 12.95+0.8!
Curvularia sp. 250 mg/ke 10.250.8 10.13+40.8. 11.0040.9
500 mg/k¢ 10.22+0.91 11.65+0.9: 13.00+0.9:

Cladosporium sp, Nigrosporaoryze sp., Sreptomyces  Protease irCladosporiumsp.-1.22,Sreptomyces sp.-1.63,
sp., Acremonium sp., Fusarium sp. and Curvularia and Curvularia sp.-1.17; Cellulase irCladosporiumsp.-
sp.endophytes were found in neemleaves. Morphabdgy 0.25, Sreptomyces sp.-0.45 andAcremonium sp-0.47.
endophytes was determined according to their cotdur whereas  Lipase in  in Cladosporiumsp.-0.16
mycelia, pigmentation and spore arrangement as Migrosporaoryze sp.-0.25, Acremonium sp.-0.12 and
Cladosporiumsp. Olive brown, Dark brown and Un- Fusarium sp.-0.05-amylase inhibitory activity for 50ug,
branched;Nigrosporaoryzae sp. White, Black and Un- 100 pg and 200 pg concentrationGbadosporium species
branched; Sreptomyces sp. White, Whitish green and mycelia was determined. 0.6%, 13.0% and 22.4 %
Branched filamentous; white colour of myceliaamylase inhibition was shown in 50pug, 100 pug ar@ |29
nonappearance of pigmentation and single celledespa@oncentration of Cladosporium species mycelia
arrangement was found in isoladeremonium sp; white respectively. Sucrase inhibitory activity for 504§0 pg
colour, whitish pink pigment and sickle shaped sporand 200 pg concentration ofladosporium species
arrangement found in specieskafsarium; blackish brown mycelia was determined. 08.7%, 14.5% and 27.2 %
colour of mycelia, greenish brown pigmentation anducrase inhibition was shown in 50ug, 100 ug ar®i 29
branched septa spore arrangement was found irtdsmla concentration of Cladosporium  species mycelia
Curvularia sp. Qualitative characters of isolatedrespectively.a-amylase inhibitory activity for 50ug, 100
endophytes were shown as AmylaseSireptomyces sp., Hg and 200 pg concentration Mifgrospora oryze species
Acremonium sp. an@fusarium sp.; Protease in mycelia was determined. 05.5%, 09.6% and 14.0 %
Cladosporiumsp., Streptomyces sp., andCurvularia sp.; amylase inhibition was shown in 50ug, 100 pg an@dl |29
Cellulase in Cladosporiumsp.,, Sreptomyces sp. concentration of Nigrospora oryze species mycelia
anddcremonium  sp.  whereas Lipase in inrespectively. Sucrase inhibitory activity for 504§0 pg
Cladosporiumsp., Nigrosporaoryze sp, Acremonium sp. and 200 pg concentration dfigrospora oryze species
and Fusarium sp. Quantity of Amylase irireptomyces mycelia was determined. 07.6%, 11.5% and 18.4 %
sp.-2.31, Acremonium sp.-1.90 andFusarium sp.-2.71; sucrase inhibition was shown in 50ug, 100 pug arit| 29
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concentration of Nigrospora oryze species mycelia Cladosporiumsp mycelia extract 239+21.3, 128+10.2 and
respectively.a-amylase inhibitory activity for 50pg, 100 120+10.5 at §, 30" and 68 day respectively; diabetic
pg and 200 pg concentration 8freptomyces species treated with 250mg/kgNigrosporaoryze sp. m%/celia
mycelia was determined. 09.8%, 17.4% and 29.3 @®xtract 244+20.8, 148+10.6 and 145+12.1 &t 80" and
amylase inhibition was shown in 50ug, 100 pg ar@ |29 60" day correspondingly ; diabetic treated with 500gg/
concentration of Sreptomyces species mycelia Nigrosporaoryze sp.m%/celia extract 235+19.8, 121+09.2
respectively. Sucrase inhibitory activity for 50lg)0 pg and 117+11.6 at'®) 30" and 60' day respectively; diabetic
and 200 pg concentration 8freptomyces species mycelia treated with 250mg/kgStreptomyces sp. mycelia extract
was determined. 07.2%, 15.2% and 21.5 % sucra®88+19.5, 147+11.8 and 139+12.4 & 80" and 68 day
inhibition was shown in 50ug, 100 pg and 200 pgorrespondingly; diabetic treated with 500mg/kg
concentration of Sreptomyces species mycelia Sreptomyces sp.mycelia extract 231+18.9, 118+11.4 and
respectively.a-amylase inhibitory activity for 50pg, 100 109+12.7 at §, 30" and 68 day respectively; diabetic
Mg and 200 pg concentration écremonium species treated with 250mg/kgdcremonium sp. mycelia extract
mycelia was determined. 0.6%, 01.3% and 03.0% aayla237+19.6, 162+14.1 and 151+11.7 & 8d" and 68 day
inhibition was shown in 50ug, 100 pg and 200 pgorrespondingly; diabetic treated with 500mg/kg
concentration  of Acremonium  species mycelia Acremonium sp. mycelia extract 2394+20.2, 122+11.9 and
respectively. Sucrase inhibitory activity for 50l)0 pg 110+11.7 at B, 30" and 68 day respectively; diabetic
and 200 pg concentration AEremonium species mycelia treated with 250mg/kgFusarium sp. mycelia extract
was determined. 00.5%, 01.1% and 02.9% sucra40+18.9, 139+15.8 and 134+12.6 & 80" and 68 day
inhibition was shown in 50ug, 100 pg and 200 pgorrespondingly; diabetic treated with 500mgHgarium
concentration  of Acremonium species mycelia sp. mycelia extract 239+19.9, 108+14.2 and 102+H3.8
respectively.a-amylase inhibitory activity for 50pg, 100 0", 30" and 68" day respectively; diabetic treated with
pg and 200 pg concentrationFafisarium species mycelia 250mg/kg Curvularia sp. mycelia extract 242+21.5,
was determined. 00.0%, 00.0% and 00.3% amyladd5+11.5 and 142+13.2 at™0 30" and 68 day
inhibition was shown in 50ug, 100 pg and 200 pgorrespondingly; diabetic treated with 500mg/kg
concentration ofFusarium species mycelia respectively. Curvularia sp. mycelia extract 240+22.8, 112+11.2 and
Sucrase inhibitory activity for 50ug, 100 pg and20y 103+11.9 at 6 30" and 608 day
concentration of Fusarium species mycelia was respectively.Haemoglobin level in Control, diabetic
determined. 00.0%, 00.2% and 00.5% sucrase intrbiti control, diabetic treated with glibenclaimide amdated
was shown in 50ug, 100 pg and 200 pg concentrafion with different mycelia extracts of isolated fungiithv
Fusarium species mycelia respectivelyo-amylase 250mg/kg and 500mg/kg concentration were reponted i
inhibitory activity for 50ug, 100 pg and 200 ugtable 7. Levels of haemoglobin (gm/dL) in controlc#,
concentration of Curvularia species mycelia was 30" and 60' days were 15.80+0.85, 15.20+0.80 and
determined. 00.1%, 00.4% and 01.0% amylase inbibiti 15.40+0.86 respectively; diabetic control 10.1081.0
was shown in 50ug, 100 pug and 200 pg concentrafion 09.52+0.95 and 07.15+0.98 af",03d" and 68 day
Curvularia species mycelia respectively. Sucrassamples respectively; diabetic with glibenclaimiceated
inhibitory activity for 50ug, 100 pg and 200 upgsamples 10.25+0.95, 12.60+0.88 and 13.20+0.92"at 0
concentration of Curvularia species mycelia was 30" and 60' day respectively; diabetic treated with
determined. 00.4%, 00.9% and 01.4% sucrase intribiti 250mg/kg Cladosporiumsp. mycelia extract 09.95+0.94,
was shown in 50ug, 100 pug and 200 pg concentrafion 10.92+0.91 and 12.05+1.00 af”,03d" and 68 day
Curvularia species mycelia respectively. Positive Glucoseorrespondingly; diabetic treated with 500mg/kg
diffusion test was reported at 200 pgGradosporiumsp.  Cladosporiumsp. mycelia extract 10.05+0.98, 11.56+0.94
and Nigrosporaoryze sp.; at 50 pg, 100 pug and 200 pugand 13.00+1.10 at'® 30" and 68' day respectively;
Sreptomyces sp. gives positive, fairly positive and strongdiabetic treated with 250mg/kdNigrosporaoryze sp.
positive results. Acremonium sp. and Curvularia sp. mycelia extract 10.10+1.00, 10.95+0.93 and 12.028:@Gt
shown mild positive result in 200 ug bEusarium sp. 0", 30" and 68 day correspondingly ; diabetic treated
never showed any activity. Serum glucose (fastiegdls with 500mg/kg Nigrosporaoryze sp. mycelia extract
in Control, diabetic control, diabetic treated with10.16+0.85, 11.02+0.85 and 12.90+0.99 4 80" and
glibenclaimide and treated with different mycelidracts 60" day respectively; diabetic treated with 250mg/kg
of isolated fungi with 250mg/kg and 500mg/kgStreptomyces sp. mycelia extract 10.00+£0.92, 10.25+0.91
concentration were reported in table 6. Levels erim and 11.10+0.82 at') 30" and 68" day correspondingly;
glucose (mg/dL) in control at"p 33" and 66' days were diabetic treated with 500mg/kgreptomyces sp. mycelia
10445.6, 105+6.2 and 102+5.9 respectively; diabetiextract 09.80+0.87, 11.10+0.88 and 12.15+0.95"aB0"
control 242+22.5, 240+25.8 and 243+26.5 4t 80" and and 60' day respectively; diabetic treated with 250mg/kg
60" day samples respectively; diabetic  withAcremonium sp. mycelia extract 09.90+0.92, 10.24+0.86
glibenclaimide treated samples 240+20.9, 106+7.8 amnd 10.98+0.86 at'} 30" and 68" day correspondingly;
102+8.9 at ), 30" and 68 day respectively; diabetic diabetic treated with 500mg/kéicremonium sp. mycelia
treated with 250mg/kgCladosporiumsp. mycelia extract extract 09.80+1.00, 11.30+0.91 and 12.650.89"aBd"
241+19.4, 160+12.8 and 150+11.6 & 80" and 68 day and 60 day respectively; diabetic treated with 250mg/kg
correspondingly; diabetic treated with 500mg/kd-usarium sp.mycelia extract 10.10+0.92, 10.53+0.92 and
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11.10+0.88 at © 30" and 68' day correspondingly; Fusarium species in glucose diffusion test. Ushasri and
diabetic treated with 500mg/kdrusarium sp.mycelia Anusha worked om-vitro anti-diabetic properties in 2015
extract 10.15+0.99, 11.40+0.89 and 12.95+0.85"aB0" and reported that the endophytic extracts have good
and 60 day respectively; diabetic treated with 250mg/kgotency toa-amylase and sucrose inhibition with up to

Curvularia sp.mycelia extract 10.25+0.86, 10.13+0.83 ané3.7% inhibition. Wanet al., (2013) also reported that
11.00+0.91 at © 30" and 68' day correspondingly; swartia extract resulted best result for reduciiapetes.
diabetic treated with 500mg/k@urvularia sp.mycelia Blood functions tests (% haemoglobin and White tloo

extract 10.22+0.90, 11.65+0.91 and 13.00+0.92"agd"
and 60' day respectively.

cells count) and Body weight studies were perforratd
0" 30" and 68 days forin-vivo anti-diabetic activities

determinations. Yuan and associates (2014) worked o

V. DISCUSSION

effect of Actinida extract in diabetic induced mice and

reported that alpha-glucosidase inhibitory activigst,

Morphological characters of isolated fungi wereveli €thanol extract of roots showed the best inhibismtvity
brown colour, dark brown pigment and un-brancheatesp (74.2%, 6 mg/ml). Ushasri and Anusha (2015) presfipu
arrangement and shows positive enzyme activities féeported the effect of endophytic extract on alfexo

protease, cellulose and lipase with 1.22, 0.25 @uid

induced diabetic mice that showed highest glycasida

U/ml production. Isolated endophytic fungi with see inhibition in treated mice. In this study serum agise

characters were earlier reported as species
Cladosporium (Ogoreket al., 2012; Braunet al., 2003)
isolated fungi were white colour of mycelia, black
pigmentation and unbranched spore arrangement and
shows positive enzyme activities for lipase onlym@.25

U/ml production. Similar result was reported by Abb 1]
and Mohammad in 2014 and confirms the isolateg,
endophytic fungi with these characters were a specf
Nigrosporaoryze. Morphological characters of isolated
fungi were white colour of mycelia, whitish green
pigmentation and branched filamentous spore arraage
and shows positive enzyme activities for amylasatease
and cellulose with 2.31, 1.63 and 0.45 U/ml prouotunct
Isolated endophytic fungi with these characters ewef*!
earlier reported as species Sifeptomyces (Tadaiet al.,
2006)Morphological characters of isolated fungi were
white colour of mycelia, non-appearance of pigmeoria [5]
and single celled spore arrangement and showsiveosit
enzyme activities for amylase, cellulose and lipegth g
1.90, 0.47 and 0.12 U/ml productions. Similar reswds
reported by Limet al., 2002; Matsumurat al., 1980 and [7]
confirms the isolated endophytic fungi with these
characters were a species Afremonium. Endophytic
isolate was reported white colour, whitish pinkpant [g]
and sickle shaped spore arrangement morphological
characters and shown enzymatic activities amylask aI9]
lipase only with 2.71 and 0.05. Joghial., 2013; Minuto

et al.,, 1995a reported isolate species having similar
characters was a member Blsarium. Morphological [10]
characters of isolated fungi were blackish browtowoof
mycelia, greenish brown pigmentation and branclegdas
spore arrangement and shows positive enzyme aesivit
for protease only with 1.17 U/ml production. Iseldt [12]
endophytic fungi with these characters were earlier
reported as species Qurvularia (Jain, 1962; Pereirat

al., 1998)Mycelia extract ofStreptomyces, Cladosporium  [13]
and Nigrospora oryze species isolates were reported best
inhibition ranging 15 to 38%u-amylase and sucrose. 1
Isolates ofAcremonium, Curvularia andFusarium species
were showed low potency to inhibit-amylase and [15]
sucrose. Similarly, Sreptomyces, Cladosporium and
Nigrospora oryze species chronically gives best results a&®!
compare to isolates ofcremonium, Curvularia and

(3]

[11]

lsvel was decrease from 240gm/dL to 102gm/dL in 60
days administration.
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