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Abstract: Ficus deltoidea is a medicinal plant that has high endophytic actinobacteria diversity. Endophytic
actinobacteria play an important role in producing various types of bioactive compounds including a-glucosidase
inhibitor. Screening of 40 endophytic actinobacteria isolates from F. deltoidea showed that 77% of them had inhibitory
activity against rat a-glucosidase. The 64% of isolates that have rat a-glucosidase inhibitor activity were derived from
leaves. TBL 7, TBL 24, TBS 3, TBS 17 and TBR 20 have high activity. Based on the molecular identification of the 16S
rRNA gene, five selected isolates have similarity with Streptomyces spp. The aqueous and n-hexane extracts of TBL 7
isolates had the lowest ICs, values of 159.25 pg/ml and 118.52 ug/ml, respectively. Qualitative phytochemical analysis
showed that aqueous and n-hexane extracts of TBL 7 contained flavonoids, phenols, alkaloids, triterpenoids, tannins, and
saponins. These results showed that endophytic actinobacteria from F. defoidea have the potential to be developed as a-

glucosidase inhibitor.
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INTRODUCTION

Diabetes mellitus is the most common metabolic disorder
in the world and its prevalence continues to increase in
recent decades. Diabetes cannot be cured, but can be
controlled. The a-glucosidase inhibitor is one of the
treatments to control glucose level in blood of diabetic
patient. The a-glucosidase inhibitor acts by inhibiting a-
glucosidase enzymes in small intestine (Suarsana, 2008).
The o-glucosidase enzyme serves to break down
carbohydrates into glucose in human small intestine.
Inhibition of this enzyme leads to inhibition of glucose
absorption into the blood, thus lowering blood glucose
level. The a-glucosidase inhibitors are widely produced
by plants and microbes, including actinobacteria.

Ficus deltoidea is a medicinal plant spread in the
Southeast Asia (Corner, 1969). This plant is known to
have a-glucosidase inhibitory activity. In Indonesia, F.
deltoidea is most commonly found in Borneo Island and
usually used as traditional medicine. Scientifically, F.
deltoidea can be used as anticancer, antidiabetes,
antihypertensive, and uterus strengthening medicine after
childbird (Abdulla et al, 2010; Akhir et al, 2011,
Bunawan et al., 2014; Misbah et al., 2013; Sulaiman et
al., 2008).

Bioactive compounds that produced by plant cannot be
separated from the existence of microbes that live on
plant tissue or known as endophytes. Microbial
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endophytes live on host tissues without harming their host
and may provide benefits, such as being able to produce a
variety of secondary metabolite compounds that are
useful to its host (Kado er al, 1992). Endophytic
microbes, including actinobacteria, in this decade have
been the world's attention. This is because of their ability
to produce a wide variety of secondary metabolites and
sometimes, their ability is higher than that of their hosts
(Prado et al., 2013; Pyjiyanto et al., 2012).

Recent study has showed that culturable endophytic
actinobacteria from F. deltoidea are dominated by
Streptomyces. There were 40 isolates of endophytic
actinobacteria; 60% were obtained from leaves, 20% were
from stems, 15% were from roots, and 5% were from
fruits (Janatiningrum et al., 2018). However, the ability of
isolates to produce o glucosidase inhibitor has not been
explored any further. Therefore, this study aimed to
examine the ability of endophytic actinobacteria from F.
deltoidea in producing a-glucosidase inhibitor and its
phytochemical activities. The results obtained from this
study can be used as an important information on the
potency of endophytic actinobacteria from F. deltoidea,
thus it can be further developed as antidiabetic agent.

MATERIALS AND METHODS

The study was conducted in 2018 at the Laboratory of
Microbiology, Department of Biology, Faculty of
Mathematics and Natural Sciences, Bogor Agricultural
University (IPB) and Tropical Biopharmaca Research
Center, IPB.
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Preparation of endophytic actinobacteria isolates
Collection of endophytic actinobacteria isolates from F.
deltoidea was obtained from previous study. The number
of endophytic actinobacteria isolates from F. deltoidea
were 40 isolates. Amongst them, 24 isolates (60%), 8
isolates (20%), 6 isolates (15 %) and 2 isolates (5%) were
obtained from the leaf, stem, root and fruit, respectively
(Janatiningrum et al., 2018).

All isolates were cultured wusing International
Streptomyces Project (ISP) 4 agar medium (Soluble
starch 1%, K,HPO, 0.1%, MgS0O,. 7TH,O 0.1%, NaCl
0.1%, (NH4),SO4 0.2%, CaCO; 0.2%, FeSO,.7H,0
0.001%, MnCl,.7H,0 0.001%, ZnSO,4.7H,0 0.001%) and
1.8% agar as solidifing agent. The isolates were cultured
for 10 days at room temperature (£25 °C).

Screening a-glucosidase inhibitor activity was done using
supernatant from forty endophytic actinobacteria
examined. Each of them was cultured using ISP 2
medium (Malt extract 1%, Yeast extract 0.4%, Dextrose
0.4%) for 10 days at room temperature (25 °C) on a rotary
shaker 110 rpm. The endophytic actinobacteria culture
was centrifugated at 5000 rpm at 4°C for 30 minutes to
separate supernatant and biomass. The supernatant was
then ready to be tested.

Screening of endophytic actinobacteria producing a-
glucosidase inhibitor

The activity of a-glucosidase inhibitor was tested using
the method of Shihabudeen et al. (2011) in which
mammalian (rat) o-glucosidase was used. Rat a-
glucosidase was extracted from rat intestinal acetone
powder (Sigma, St. Louis) (200 mg) which was dissolved
in 4 ml of cold phosphate buffer (50 mM). The mixture is
sonicated for 15 minutes at 4 °C. After that the mixture
vigorous vortexing for 20 minutes, then suspension was
centrifuged (10.000 rpm, 30 minutes, 4°C). Then
supernatant and biomass were separated, supernatant was
used for the assay. Substrate used in this experiment was
p-Nitrophenyl o-D-glucopyranoside (PNPG) (Sigma, St.
Louis). Reaction mixture containing 10 pl of rat a-
glucosidase (0.5 U/ml), 50 pl of phosphate buffer (50
mM; pH 7) and 20 pl of sample was pre-incubated for 5
minutes at 37 °C and then 20 pl PNPG (1 mM) was added
to the mixture as a substrate. Reaction was stopped by
adding 50 pl Na,CO; (200 mM) and the resulting p-
nitrophenol was measured in Elisa reader at 410 nm
wavelength. Acarbose was used as a positive control in
three replications. Inhibition of a-glucosidase enzyme
activity was determined by this formula:

_ (AC-(AS1-AS0))

Inhibition (%) = o x100%

AC: Absorbance Control, ASO: Absorbance of sample
without enzyme, AS1: Absorbance of Sample

168 rRNA gene identification

Actinobacteria endophytes were identified with molecular
analysis using 16S rRNA gene. The spores and mycelium
of actinobacteria endophytes were collected in 1.5 ml
microtube and extracted using Presto Mini gDNA
Bacteria Kit in accordance with the protocol. The
concentration and purity of the DNA genome were
quantified using Nanodrop 2000 spectrophotometer
(Thermo Scientific, USA). Total genomic DNA was
amplified using the Polymerase Chain Reaction (PCR)
method with 16S specific primers for actinobacteria 27F
5’-AGAGTTTGATCCTGGCTCAG-3" (Bruce et al.,
1992) and 16Sactl114R 5’-GAGTTGACCCCGGCRGT-
3’ (Martina et al., 2008). The PCR conditions were pre-
denatured at 94 °C for 5 minutes, denaturation at 92 °C for
1 minute, annealing at 53 °C for 30 seconds, elongation at
72 °C for 30 seconds, post elongation at 72 °C for 3
minutes, followed by a 30 cycles amplification. The
amplification results were visualized using gel
electrophoresis with EtBr dyes on UV transilluminator.

The amplified product was sent to the sequencing service
company. The sequencing results were processed using
Seqtrace software, then identified using EzBioCloud web
by entering primary data. Afterward, the phylogenetic tree
was constructed using MEGA 7 software with neighbor-
joining method approach.

Extraction and determination of ICsy Value

Supernatant from selected isolate was extracted using
various solvents to obtain the active compound. The
solvents used were chloroform, n-hexane, ethyl acetate,
butanol, and aqueous solvent. The extraction was done by
adding solvent to the supernatant at ratio 1: 6. Extraction
was done for 2 hours, until two separate layers were
formed. The process was repeated in three-time
replications. The resulting organic phase was separated
and concentrated with a rotary evaporator. The same
procedure was applied for all solvent. The a-glucosidase
inhibitor measured using same assay as the procedure
above. Crude extract from various fractions was diluted
with DMSO 1% to several concentrations, i.e., 1000, 500,
250, 125 and 62.5 pg/ml. The inhibition value of various
types of concentrations was then used to determine the
1Csy value. F. deletoidea leaf extract was also calculated
for ICsy value to compare the activity o-glucosidase
inhibitor of isolates and its hosts.

Qualitative phytochemical analysis of selected isolates
The selected endophytic actinobacteria extract was tested
for the presence of bioactive compounds using following
phytochemical methods (Harborne, 1987)

Alkaloids test

Sample extract was dissolved with 2 ml of 1% HCl in a
test tube and heated up. Mayer’s, Dragendorf’s,and
Wagner’s reagents were then added to the mixture. The
test results are stated positive if with reagent Meyer
formed a yellowish white precipitate, with reagent
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Wagner formed brown precipitate,and with Dragendorff
reagent formed orange-red precipitate.

Flavonoids and phenolic compounds test

Sample extracts were added together with methanol until
the sample was submerged, then simmered and filtered.
The filtrate waspiped into 2 test tubes. Sufficient 10%
NaOH was then added to the first tube .A red color
indicates the presence of flavonoid. Concentrated
H,SO,was added to the second tube. A change in color to
red is an indication for the presence of hydroquinone.

Fruits

A B 3%

No
Inhibition

23%

Stems

23%

Inhibition
7%

Fig. 1: (A) The percentage of isolates that have a-
glucosidase inhibitor activity. (B) Distribution of isolates
that potentially produce o-glucosidase inhibitor in F.
Deltoidea.

Terpenoids and steroid test
Sample extract was mixed with 2ml of chloroform and 5
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acetic acid anhydride, evaporated to dryness. To this, 2ml
of concentrated H,SO,4 was added and mixed. Orange to
purple colour indicated the presence of terpenoids. The
development of a greenish color indicated the presence of
steroids.

Saponins and tannins test

Sample extract was dissolved in S5ml of distilled water in a
test tube and then shake until it foam form. The formation
of stable foam was taken as an indication for the presence
of saponins.Test for tannis, sample extract was mixed
with distillated water. Then 2 ml of FeCl; solution (2%)
was added. A black color or blue-green indicated the
presence of tannins.

STATISTICAL ANALYSIS

Statistical analysis was performed as means + SD from
three independent replicates. The analysis was performed
using Microsoft Excel 2016.

RESULTS

Diversity of a-Glucosidase Inhibitor Activity of
Endophytic Actinobacteria from Ficus deltoidea
Screening of 40 endophytic actinobacteria isolates from
F. deltoidea showed that 31 isolates or 77% of isolates
had a-glucosidase inhibitor activity (fig. 1A). The

Tabel 1: Molecular identification of selected endophytic actinobacteria isolates based on 16S rRNA

No Code Species Strain Similarity (%) Accession number
1 TBL 7 Streptomyces tendae ATCC 19812 99.91 D63873
Streptomyces tritolerans LMG 20318 99.81 AJ781373
5 TBL 24 Streptomyces tendae ATCC 19812 99.91 D63873
Streptomyces tritolerans LMG 20318 99.81 AJ781373
3 TBS 17 Streptomyces tritolerans LMG 20318 99.81 AJ781373
Streptomyces lienomycini LMG 20091 99.62 AJ781353
4 TBS 3 Streptomyces tritolerans LMG 20318 99.81 AJ781373
Streptomyces violaceorubidus LMG 20319 99.81 AJ781374
5 TBR 20 Streptomyces tritolerans LMG 20318 99.81 AJ781373
Streptomyces rubrogriseus DAS 165 99.63 DQ345779

Table 2: Phytochemical content of actinobacteria TBL 7 extract and F. deltoidea leaves extract

Component TBL 7 F. deltoidea leaves.
n-hexane Aqueous n-hexane Aqueous

Alkaloids +++ 4+ + o+
Flavonoids + I+ T T
Phenol hydroquinone + ++ T i
Steroids - - T+ N
Triterpenoids + R _ T
Tannins ++ ++ 4+ et
Saponins - n _ ;

+++ : shows the presence in abundance
+ : shows the presence in small amount -

++ : shows the presence in moderate quantity
: shows complete absence of the compound.
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Fig. 2: Neighbor-joining tree of 16S rRNA gene of endophytic actinobacteria. Numbers at each nodes indicate the
percentages of branch support of 1,000 bootstrap replicates. Maximum Composite Likelihood model.

inhibitory activity of endophytic actinobacteria isolates
was in the range 12.5%-68.3%. Five isolates with high
activity, i.e., TBL 7, TBL 24, TBS 3, TBS 17 and TBR
20, were chosen to represent each part of the plant for
further testing. The percentage of inhibition activityof the
five isolates were 54.5% (TBL 7), 40.4% (TBL 24),
68.3% (TBS 17), 51.6% (TBS 3), and 46.1% (TBR 20).
The 64% from 31 isolates that have inhibition activity
were originated from leaves (fig. 1B).

Molecular identification selected isolates

The molecular identification results based on the 16S
rRNA gene showed that all isolates had similarities with
Streptomyces tritolerans (99.81%), TBL 7 and TBL 24
were 99.91% similar with Streptomyces tendae, TBS 17
was 99.62% similar with Streptomyces lienomycini, TBR
20 had similarities with Streptomyces rubrogriseus
(99.63%) and TBS 3 had similarities with Streptomyces
violaceorubidus (99.81%) (table 1). All isolates form into
one clade in the phylogenetic tree (fig. 2).

TBL 24 3 TBS 17 TBR.20

1000
900 =
800
700

600
500
400
300 B
200 £ - 7
100 2

0

TBS

Control + TBL 7

pgfml

= Aqueous ®Butanol =Ethylacetate »Chloroform wn-Hexane ®Acarbose

Fig. 3: ICs, value of a-glucosidase inhibitor activity from
five endophytic actinobacteria selected isolates in various
fraction (pg/ml)

ICsyvalue of aqueous and n-hexane extract

Solvents which were used in this study consisted of
aqueous, butanol, ethyl acetate, chloroform and n-hexane.
Extraction with various solvents are presented in fig. 3.
Extract of TBL 7 isolate had the lowest ICs, value
compared to the extract of other isolates. ICs, values for
n-hexane extract were 118.52 pg/ml and 159.25 pg/ml for
aqueous extract. The values were higher than positive
control, acarbose at 90.38 pg/ml.

2 8

Inhibition (%)
c 8B 4a8 8822
H
]

F.deltoidecleaves  Fdeitoideclesfne  TBL7 aqueous
BQUECUS :LTAR

TEL 7 n-hexane
hexane exvact extract axtract

Acarbose

Fig. 4: Comparison of ICs, values n-hexane extract and
aqueous extract between F. delfoidea leaves and TBL7
isolates

This study also compared the activity of a-glucosidase
inhibitor produced by F. deltoidea leaves and endophytic
actinobacteria extracts. The result showed the inhibition
ability of n-hexane and aqueous F. deltoidea leaf with
TBL 7 isolates extract. The leaves aqueous (47%) and n-
hexane (51.1%) extracts of F. deltoidea plants had lower
inhibition compared to endophytic actinobacteria aqueous
(61.6%) and n-hexane (66.2%) extracts at 500 pg/ml (fig.
4).
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Phytochemical content

The phytochemical test of aqueous and n-hexane of TBL
7 isolates extract was carried out to strengthen the
assumption of the main metabolite groups of chemical
compounds contained in the extract. Major group of
active compounds contained in the extract could be
obtained through this analysis. The phytochemical test
results showed that the TBL 7 n-hexane extract had a
group of alkaloids, flavonoids, triterpenoids and tannins,
while the TBL 7 aqueous extract had alkaloids,
flavonoids, phenols, tannins and saponins. Phytochemical
analysis results showed that TBL 7 aqueous extracts have
bioactive compounds like n-hexane extracts, except
triterpenoid. Phytochemical contained in TBL 7 extract
was not significantly different from their host extract, F.
deletoidea (table 2).

DISCUSSION

The a-glucosidase is an enzyme in small intestine which
can hydrolyze polysacaride into monosacaride such as
glucose. Compound which can inhibit this enzyme
activity will be potential to be antidiabetic drug since it
can decrease blood sugar level or hyperglycemia by
slowing the absorption of postprandial glucose. The
discovery of endophytic actinobacteria from F deltoidea
which produce a-glucosidase inhibitor has been
reinforced by the study of Pujiyanto (2012) which also
found endophytic actinobacteria that have the same
ability. Endophytic actinobacteria from Tinospora crispa
have the ability to produce a-glucosidase inhibitor. This
research has an important meaning in strengthening the
opinion of Tan and Zou (2001) which has stated that
plants containing endophytic microbes can produce
biological compounds or secondary metabolites that are
the same as their hosts. The ability of F. deltoidea as an
antidiabetic agent has been widely reported by several
previous researchers (Adam et al, 2012; Farsi et al,
2011; Draman et al., 2012; Misbah et al., 2013; Kalman
et al, 2013). The leaves of the F. deltoidea have been
reported to have potential antidiabetic effects. The n-
butanol F deltoidea leaves extract showed to have a-
glucosidase and a-amylase inhibition with IC50 values of
15.1 pg/ml and 39.42 pg/ml (Farsi et al., 2011).

Leaf is part of the F. deltoidea plant which is mostly used
as traditional medicine. The ability of leaf to produce a-
glucosidase inhibitor compounds may be influenced by
the amount of endophytic actinobacteria inside which
possesses the ability to produce such compounds. F.
deoidea leaf has the largest number and diversity of
endophytic actinobacteria isolates. Based on previous
research, 60% endophytic actinobacteria from F.
deltoidea are originated from leaves (Janatiningrum et al.,
2018). In accordance with that report, endophytic
actinobacteria from leaves are the most abundant in
producing a-glucosidase inhibitor as well. Endophytic
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actinobacteria from leaves that have glucosidase inhibitor
activity were also discovered by Kimura et al. (2004) who
found out that endophytic actinobacteria from Morus alba
leaves have the ability of glucosidase inhibitor, revealed
with 1-deoxynojirimycin compound.

Based on molecular identification of 16S rRNA gene
(1087 bp), TBL 7 and TBL 24 isolates have similarities
with S. fendae. Vertesy et al., (1984) have reported that S.
tendae4158 (ATCC 31210) contained a novel of
polypeptide a-amylase inhibitor tendamistat (HOE 467).
All isolates had similarities with S. tritolerans. S.
tritolerans was first isolated from soil in Kartanaka, India
(Syed et al, 2007). Isolate of Streptomyces sp.
VITMSSO05 isolated from the sea has a-amylase inhibitor
and o-glucosidase inhibitor. Based on the 16S rRNA
gene, it is similar to S. tritolerans (Revathy et al., 2013).
The a-amylase is an enzyme that plays an important role
in the regulation of digestive starch degradation. The role
of a-amylase inhibitor as well as a-glucosidase inhibitor
is to inhibit the degradation of starch into glucose which
will cause hyperglycemia in diabetic patients. TBL 17,
TBR 20, and TBL 24 isolates have similarities with S.
violaceorubidus, S. rubrogriseus, and S. lienomycini. The
three types of actinobacteria are reported to have
antibacterial activity (Hozzein et al., 2011; Song et al.,
2015; Lee and Song 2018). All isolates form into one
clade in the phylogenetic tree. This clade is different from
actinobacteria which has been known to have a-
glucosidase inhibitory activities such as Streptomyces
hygroscopicus and Actinoplanes sp. This indicates,
perhaps the a-glucosidase inhibitory compounds produced
by endophytic actinobacterial isolates from F. deltoidea
are new and different from pre-existing compounds

Based on the ICsy value of all isolate samples, the n-
hexane was the best solvent to extract a-glucosidase
inhibitor compounds. Aqueous and chloroform solvent
also have ability to extract a-glucosidase inhibitor
compounds. This result showed that the a-glucosidase
inhibitor compounds are present in the polar and non-
polar phases. Reddy et al. (2009) have reported that n-
hexane extract from Hedychium spicatum that was
observed a-glucosidase inhibitory and antihyperglycemic
activity. The inhibitor compound was identified as
labdane diterpenoids, a novel of mammalian intestinal o-
glucosidase inhibitor. Some discoveries also found that o-
glucosidase inhibitor are exist in aqueous extracts.
Aqueous extract of Qingzhuan dark tea has a-glucosidase
inhibitor activity of up to 2.47 pg/ml ( Liu et al., 2016).
Onal et al, (2005) have reported that some medicinal
herbs have a-glucosidase inhibitor activity in aqueous
extract.

For this endophytic actinobacteria extract, in vitro test
was conducted using a-glucosidase from rat intestine. It
was because we speculated that it would be better to

Pak. J. Pharm. Sci., Vol.33, No.3, May 2020, pp.969-975

973



Rat alpha glucosidase inhibitor and phytochemicals activities of endophytic actinobacteria from ficus deltoidea

reflect thein In Vivo state. Extract of TBL 7 isolate had
the lowest ICsy value compared to the extract of other
isolates. Analysis of the data showed that maximum
inhibition in a-glucosidase was noted by n-hexane extract
at the highest concentrations, compared to other samples.
Aqueous extract was also effective to inhibit enzyme with
an ICsy value that was not significantly different from n-
hexane extract. The activity of TBL 7 n-hexane and
aqueous extract was not significantly different from the
positive control, i.e., acarbose. On the other hand, report
of endophytic actinobacteria derived from Datura
stramonium L. shows a-glucosidase rat intestinal inhibitor
activity (730.21 pg/ml) (Christhudas et al, 2013). This
value was not better than n-hexane extract of TBL 7
(118.52 pg/ml). If inhibition activity of endophytic
actinobacteria extracts TBL 7 is compared to F. deltoidea
leaves extract, it has higher inhibitory value than its host
does. These data indicate that endophytic actinobacteria in
the F. deltoidea plant might contribute to the production
of a-glucosidase inhibitor.

Phytochemical screening of different samples extract
showed the presence of several bioactive compounds,
including alkaloids, phenol, triterpenoids, tannins,
flavonoids, and saponins. The content of these bioactive
compounds in endophytic actinobacteria extract is
responsible for their a-glucosidase inhibitor activity. The
phytochemical compounds in endophytic actinobacteria
extracts are not much different from the compounds
contained in the host extract, F. deltoidea. Some
researchers have previously reported the existence of a
group of bioactive compounds, such as phenols, tannins,
saponins, terpenoids, and flavonoids in F. deltoidea plant
extract (Shafaei et al, 2011). Acarbose, miglitol, and
voglibose are commercial a-glucosidase inhibitors and are
widely used as controllers of hyperglycemia. Acarbose is
an oligosaccharide, voglibose 1is a derivative of
valiolamine, and miglitol is a derivative of
deoxynojirimycin. Acarbose and voglibose are produced
from actinobacteria, whereas miglitol is synthetic
compound (Lebovitz et al., 1997).

CONCLUSION

Endophytic actinobacteria derived from F. deltoidea have
the potential to produce a-glucosidase inhibitor. There are
31 isolates from 40 isolates having a-glucosidase
inhibitor. Most of the isolates are from leaves. TBL 7 is
an isolate that has the highest inhibition of a-glucosidase
activity. Based on 16S rRNA gene, TBL 7 has similarities
with Streptomyces tendae. TBL 7 aqueous and n-hexane
extract have 1Cso value of 158.25 pg/ml and 118.52 pg/ml,
respectively. Phytochemichal analysis found out that TBL
7 aqueous and n-hexane extract contain some bioactive
compounds which may be related to an a-glucosidase
inhibitor agent.
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