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ABSTRACT
Objective: This study evaluated the antidiabetic activities of the ethyl acetate-methanol (4:1) extract (EA) of Rhodococcus qingshengii strain BJC15A38 supernatant.
Methods: In vitro alpha-amylase and alpha-glucosidase inhibitory assays, were used to determine the antidiabetic activity of EA (100, 250, 500, 750
and 1000 μg/ml). Also, the total phenol content of the extract was determined, followed by understanding the mode of α-amylase inhibition.
Results: The crude extract from Azadirachta indica A. Juss. endophytic actinomycete Rhodococcus qingshengii strain BJC15-A38 was found to have
significant inhibition against α-amylase (IC50 = 65.93 µg/ml) and α-glucosidase (IC50 = 929.56 µg/ml). The total phenol content of the crude was
found to be 97.25±6.47 and 15.40±0.43 mg/g of the extract in terms of catechol and gallic acid equivalents respectively. Purification of the extract
was carried out using silica gel column chromatography. Kinetic analysis revealed the mixed competitive with mixed competitive of inhibition
towards α-amylase.
Conclusion: The findings suggest that the extract of Rhodococcus qingshengii strain BJC15-A38 possesses antidiabetic effects.
Keywords: Alpha-amylase, Alpha-glucosidase, Azadirachta indica A. Juss., Diabetes mellitus, Rhodococcus qingshengii strain BJC15-A38, Total
phenol
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Diabetes mellitus (DM) is the highest cause of deaths among other
chronic diseases [1]. Type-2 diabetes is complicated by several
factors inherent in the disease process, routinely, insulin resistance,
hyper-insulinemia, impaired insulin secretion and reduced insulinmediated glucose uptake and utilization. Oxidative stress occurs at
an early stage in diabetes, preceding the appearance of
complications such as cardiovascular disease, kidney failure,
blindness, impotence, and gangrene [2]. DM thus cannot be cured
but can be controlled through maintenance of blood glucose levels
within normal ranges (80-120 mg/dl).
Herbal and natural products of folk medicine have been used for
millennia in every culture throughout the world. In Indian
traditional medicinal system, the use of Azadirachta indica for
centuries is such an example. The bark, seeds, leaves, fruit, extracts
and oils of A. indica tree contain pharmacological constituents which
offer some impressive therapeutic qualities, like anti-helminthic,
anti-inflammatory, antimicrobial, antipyretic and anti-tumor
activities [3-6]. Further, it leads to regeneration of insulin-producing
cells and a corresponding increase in the plasma insulin [7].
Each and every part of A. indica has been reported to retain one or
other form of microbiota [8-10]. The endophytes obtained from A.
indica plant have been widely studied for their antimicrobial [4, 10],
anticancer [11] and insecticidal activities [12]. This validates the fact
that endophytes sustain the properties which are existent in their
host. Thus the present study targets to screen an endophytic
actinomycete Rhodococcus qingshengii strain BJC15-A38 from A.
indica for its ability to produce bioactive secondary metabolites
against starch hydrolyzing enzymes.
All the chemicals and reagents used in the investigation were of
analytical grade. Alpha-amylase, starch, dialysis membrane and dinitro
salicylate reagent were purchased from HiMedia Laboratories Pvt.
Ltd., Mumbai. A few chemicals, including α-glucosidase and pnitrophenyl-α-D-gluco pyranoside substrate, were obtained from SRL
Chemicals and others were purchased from Loba Chemicals. The

isolate Rhodococcus qingshengii strain BJC15-A38 was obtained from
the Department of Microbiology, Punjab Agricultural University,
Ludhiana and was maintained on starch casein agar slants at 4 °C. It
had reportedly been recovered from shoot tissues of a randomly
selected healthy A. indica tree and had been characterized previously
on the basis of 16S rDNA sequencing [13]. The fermentation was
carried out in 500 ml starch casein broth in a 1000 ml Erlenmeyer
flask followed by incubation for 7 d in a rotary shaker (200 rpm) at 28
°C. After fermentation, the broth was centrifuged at 10,000 rpm for 15
min at 10 °C and the cell mass was discarded. The supernatant was
extracted twice with ethyl acetate: methanol (4:1). The extract was
then lyophilized using a freeze dryer at-130 °C. Different
concentrations of EA were made by weighing the crude material
obtained after lyophilization. Five different concentrations viz. 100,
250, 500, 750 and 1000 µg/ml of EA were prepared by dissolving in
dimethyl sulfoxide (10 % DMSO in distilled water). The preparations
were stored in airtight container at 4 °C for further use.
The α-amylase and α-glucosidase inhibitory activities were examined
according to previous workers [14, 15], using Systronics® Double
beam Spectrophotometer 2203smart. Total phenolic content was
assayed according to the Folin-Ciocalteau method [16] and expressed
as mg/g catechol and gallic acid equivalents. A simple model system
was used to evaluate the effects of EA on glucose movement in vitro. It
involved a sealed dialysis tube into which a solution of glucose and
sodium chloride (0.15 M) was introduced and the appearance of
glucose in the external solution was measured [17].
The EA concentrates were dry charged onto the chromatography
instrument with 60-120 mesh size silica gel column (250 g). The
column was sequentially eluted with chloroform and ethanol
mixture (95:5, 90:10, 85:15, 80:20, 75:25, 70:30, 65:35, 60:40 and
55:45) and the fractions monitored spectrophotometrically.
Fractions showing inhibitory activity were pooled together. The
purified concentrate was renamed as EAP. The mode of inhibition of
α-amylase by EAP was conducted using the modified method
described by Narkhede [14]. The amount of reducing sugars
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released was determined calorimetrically using a maltose standard
curve and converted to reaction velocities. The type (mode) of
inhibition of the crude extract on α-amylase activity was determined
by analysis of the double reciprocal (Line weaver-Burk) plot using
Michaelis-Menten kinetics [18].

activity. When food enters the intestine, acidic pH is neutralized by
pancreatic bicarbonate and mucous that lines the walls of the
intestine. Amylase is secreted into the small intestines by the
pancreas. Inhibitors of α-amylase delay the breaking down of
carbohydrate in the small intestine and diminish the postprandial
blood glucose excursion in a person suffering from diabetes [19]. So
there is a need to search for alternative drugs from medicinal plants
with increased potency and lesser adverse effects than existing
drugs [20, 21]. In this study, the effect of EA obtained from
endophytic actinomycete isolate on the activities of α-amylase and
α-glucosidase was evaluated. The inhibitory activity of different
concentrations of EA (100-1000 µg/ml) on α-amylase ranged from
29.65 to 48.96 %, whereas for α-glucosidase it ranged from 16.44 to
59.32 % (table 1). The results showed that the α-amylase activity
was more prominent at concentrations lesser than 100 µg/ml than
higher concentrations. The IC50 value of the test isolate was found to
be 65.93±0.44 µg/ml. On the contrary, a dose-dependent increase in
inhibition percent was observed in the case of α-glucosidase. The 50
% inhibitory concentration of the extract was recorded to be
929.56±0.13 µg/ml.

Percentage inhibition was calculated as under:
Control Test

Inhibition (%) =

Control

× 100

Data were presented as a mean±standard deviation (SD) and
analyzed using CPCS1 software developed by Department of
Mathematics, Statistics, and Physics, PAU, Ludhiana. The P value
of<0.05 was considered as statistically significant. The graph was
plotted in Microsoft Excel 2007. The concentration of the extract
that caused 50 % inhibition was calculated using regression
analysis.
Only 5 % of carbohydrate digestion occur in the mouth, with
amylase secreted by salivary glands. This process is halted in the
stomach due to the high acid environment that destroys the amylase

Table 1: Anti starch degrading activities of EA expressed as inhibition percentages
Concentration s(µg/ml)
EA100
EA250
EA500
EA750
EA1000
amean±SD,

Antidiabetic activity (%)
α-amylase a
48.96±0.00
36.57±0.04
33.09±0.03
29.65±0.00
-

α-glucosidase a
16.44±0.00
30.15±0.04
59.32±0.00

(n=3).

This is in line with reports of Prabavathy and Valli Nachiyar [22]. Alphaamylase inhibitors from plant endophytic fungus Syncephalastrum sp.
had been shown to have a strong inhibitory activity against α-amylase
however the mode of inhibition was competitive. In a study, 70
endophytic actinomycetes associated with medicinal plants when
checked for α-amylase inhibitory activity revealed that 19 of the strains
were secreting α-amylase inhibitor extracellularly while 16 produced
intracellular α-amylase inhibitor [23]. These results are also consistent
with Lestari et al. [24], who isolated endophytic actinomycete
Streptomyces sp. IPBCC. B.15.1539 from Tinospora crispa, a Thai
medicinal herb. The IC50 for the ethyl acetate extract was 0.047 µg/ml.
Also, when the ethyl acetate extract was applied in vivo, it lowered blood
glucose levels in streptozotocin mice by 26%.
It appears that this effect is associated with polyphenols present in
EA (97.25±6.47 and 15.40±0.43 mg/g of the extract in terms of
catechol and gallic acid equivalents). The presence of phenol entities
has previously been related to anti-hyperglycemic activity [25, 26].
In a study, 17 different compounds were identified from the leaf
extract of Croton bonplandianum. Out of these, E-15 heptadecanol, 1-

nonadecene,
5-eicosene,
asparagines,
2-tetradecene,
cyclotetracosane had been held responsible for their anti-diabetic
and alpha-amylase inhibitory activity [27].
The importance of this study lies in the fact that along with the
reduction in total sugar content in the reaction mixture, the extract
was also able to prevent its diffusion back into the medium across
the semipermeable membrane (table 2). This validates that the
diffusion of monosaccharide is one of the modes involved in
inhibiting the starch degrading enzymes by endophytic
actinomycetes. This means that if such a compound is used in
biological systems, it will lead to an overall decrease in the
intracellular glucose content, thereby reducing the secondary effects
(retinopathy, neuropathy) witnessed in its presence. Additionally,
since the effects were observed up to 24 h thus, it could be a source
of daily antidiabetic dose. Previously, it was reported that Eugenia
jambolana (Syn. S. cumini) aqueous extracts were inhibiting
diffusion of glucose across the dialysis membrane. The diffusion was
recorded to be 54.33% and 44.76% at 60 and 120-minute interval. It
effectively inhibited the diffusion of glucose for 150 min [28].

Table 2: Effect of EA on the movement of glucose out of dialysis tube over 24 h incubation period expressed as inhibition percentages
Hour
1st
3rd
20th
22nd
24th
amean±SD,

EA concentration (µg/ml)
EA100a
EA250a
20.66±2.34
32.50±3.29
5.68±2.66
40.91±1.74
-

EA500a
51.60±2.58
48.09±7.98
20.60±3.90
8.89±0.65
-

EA750a
46.68±6.10
44.55±3.62
39.23±3.49
35.65±1.95
11.69±3.62

EA[1000]a
40.40±0.78
44.49±2.14
33.86±4.23
30.29±2.56
26.79±1.22

(n=3).

This is the first report pertaining to a kinetic study of an endophytic
actinomycete purified extract from A. indica A. Juss against α-amylase.
A total of 9 fractions was obtained after the completion of the column
chromatography technique. It was observed that α-amylase inhibitory
activity was present only in the initial fractions. The inhibition

percentage was 16.33±0.76, 19.30±0.09 and 0.99±0.03 % for fractions
eluted by the chloroform-ethanol ratio of 95:5, 90:10 and 85:15
respectively. This indicated towards the non-polar nature of inhibitory
compounds since the initial eluting solvents were composed of higher
chloroform to ethanol ratios. The reason behind this is the polar
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nature of silica gel itself. More polar components have an affinity to
polar silica gel and thus travel short distances.
Lineweaver-Burk plot designed by using the Michaelis-Menten
equation showed that extracts of this indefinite inhibited α-amylase
in a mixed competitive way. As indicated in fig. 1, Michaelis-Menten
constant for the control was-0.09 mmol, which changed to-0.11
mmol after addition of the inhibitor. On the other hand, maximum
velocity exhibited a decrease of 0.07 units (0.052 and 0.045
mmol/min before and after the addition of EAP).
Likewise, the mode of the antidiabetic activity of crude extract of
Physalis peruviana fruits was investigated [29]. The results
revealed that it was able to carry out the inhibition of α-amylase,

α-glucosidase, and maltase; in non-competitive, mixed,
competitive manners respectively. The Vmax and Km values for
the mixed mode of inhibition indicated a change of 0.004
mmol/min and-1.667 respectively, after the addition of an
inhibitor, when observed using Lineweaver-Burk plot. In the
case of competitive inhibition, Km was 1.110 in control which
changed to 7.087 in addition of the crude extract, whereas Vmax
remained constant (0.009 mmol/min). On the other hand, αamylase inhibition, which was of the non-competitive type
indicated decreases in Vmax and Km values by 0.004 mmol/min
and 0.158 respectively on the addition of the extract. However,
no such kinetic study is available pertaining to the starch
degrading enzyme inhibition by endophytic actinomycetes.

Fig. 1: Mode of inhibition of α-amylase by ethyl acetate extract of Rhodococcus qingshengii strain BJC15-A38, (a) Michaelis-Menten plot
and (b) Lineweaver-burk plot

Thus, phenolic entities present in the EA extract of endophytic
actinomycete Rhodococcus qingshengii strain BJC15-A38 from
Azadirachta indica A. Juss. had exhibited significant antidiabetic
activity as compared to control, in vitro as well as through a
semipermeable membrane, through competitive mode. It revealed
that just like host plants, their endophytes are also capable of
combating the negative effects of chronic diseases. Further studies
are required to evaluate their effects in the living model systems.
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