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Diabetes mellitus (DM) is a major public health concern worldwide. Poorly controlled diabetes
can lead to hyperglycemia and serious complications, including macrovascular and
microvascular diseases of the kidneys and eyes, and a variety of clinical neuropathies. There is
evidence that serious complications are associated with increased generation of free radicals.
Inhibition of alpha-amylase activity can be an effective strategy for controlling carbohydrate
digestion and reducing postprandial hyperglycemia. This study aimed to investigate the in vitro
antioxidant capacity and alpha-amylase inhibitory activity of Ficus botryocarpa fruit ethanol
extract (FBFE). Antioxidant potential was determined using a radical scavenging capacity assay
(2, 2-diphenyl-1-picrylhydrazyl; DPPH), 2,2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid;
ABTS), and ferric ion reducing power (FRAP) assays. The alpha-amylase inhibitory effect of
the extract was investigated using 3,5 dinitrosalicylic (DNS) method. In the DPPH and ABTS
assays, FBFE had ICsp values of 54.51+7.20 pg/mL and 5.2840.30 pug/mL, respectively. In the
FRAP assay, FBFE had FRAP value of 1.9720.12 mM Fe®’/mg dried extract. In the DNS
method, the highest inhibitory effect of the extract against alpha-amylase was 97.65+5.27% at
50 pg/mL, with a half maximal inhibitory concentration (ICso) value of 6.22+2.31 pg/mL.
Therefore, it can be concluded that the ethanol fruit extract of Ficus botryocarpa demonstrated
high antioxidant capacity and alpha-amylase inhibitory activity. This finding may justify its

traditional use in the treatment of diabetes mellitus.
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Introduction

The number of people with diabetes mellitus (DM) is
increasing exponentially worldwide. It is a metabolic disorder that is
associated with pancreatic p-cell dysfunction, insulin resistance,
decreased insulin secretion, leading to hyperglycemia when the body’s
tissues are unable to use glucose for energy. Chronic hyperglycemia
produces serious complications, including cardiovascular and
microvascular diseases of the kidneys, eyes, and peripheral nervous
system.® The development of these complications is generally caused
by oxidative stress. High blood sugar levels over a prolonged period
cause mitochondrial free radical overproduction in endothelial cells in
both large and small blood vessels (macrovascular and microvascular
diseases) including the myocardium.*® In general, the most frequent
causes of death among patients with diabetes are complications such
as renal (e.g., nephritis/nephrosis, uremia), ischemic heart disease and
respiratory diseases, atherosclerosis, and cerebrovascular diseases.’
One of the keys to diabetes treatment is lowering blood sugar levels
after meals, called postprandial glucose. This method is based on the
principle of inhibiting carbohydrate metabolism to reduce the
absorption of glucose into the body.
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Pancreatic alpha-amylase is involved in carbohydrate digestion and is
a popular therapeutic target for the treatment of postprandial glucose
elevation. In clinical applications, acarbose is an inhibitor of alpha-
glucosidase and -amylase, which have been shown to be an effective
treatment for diabetes.”® However, long-term use of this drug can
cause hepatotoxicity and gastrointestinal disturbance (e.g., nausea,
flatulence, indigestion, and diarrhea). Therefore, numerous researchers
are interested in the search for potent alpha-amylase inhibitor plants
that have fewer side effects or adverse reactions and possess
antioxidant capacity to prevent serious complications and death due to
diabetes.

In Thailand, traditional Thai medicine still plays a crucial role in
community health-care systems, even though modern health-care
systems are now easily accessible. Interestingly, only a few studies
have been reported on Thai traditional medicine. Ficus botryocarpa
(F. botryocarpa) Mig. is one of these plants. F. botryocarpa is a
member of the Moraceae family and is widely used in the Philippines,
Papua New Guinea, and Thailand. Fruit latex of F. botryocarpa is
traditionally used to treat bacterial skin and microbial infections, and
diarrhea.”** F. botryocarpa is used as food (with chili dip) and for
medicinal properties in Thai population. Several phytochemicals (e.g.,
alkaloids, ficuseptine, beta-amyrin acetate, alpha-amyrin acetate, and
lupeol acetate) were found in the plant, which are associated with
antibacterial effects.*™** Wau et al. demonstrated that the methanol
extracts of the fruit and stem latex of F. botryocarpa exhibited a
strong antibacterial effect against a wide spectrum of gram-positive
and -negative bacteria.’ In addition, some preliminary data suggested
that the ethanol fruit extract of F. botryocarpa exerts a cytotoxic effect
against a liver cancer cell line (HepG2) with an ICs value of
132+25.38 pg/mL.**  Alpha-glucosidase inhibitory activity was also
found in this extract with an 1Csp of 14.86 pg/mL."> However, there is
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no information available regarding the antioxidant activity of F.
botryocarpa fruit extract. Therefore, the objective of the present study
was to determine the antioxidant and alpha-amylase inhibitory
activities of the ethanol fruit extract of F. botryocarpa.

Materials and Methods

Preparation of the F. botryocarpa fruits ethanol extract (FBFE)

Raw fruits of F. botryocarpa Mig. were collected in March 2015 in
Krabi, Thailand. The plant samples were authenticated by Assistant
Professor Dr. Natsajee Nualkaew (Faculty of Pharmaceutical
Sciences, Khon Kaen University, Khon Kaen, Thailand). A voucher
sample (KKU-PT-5) was stored in the herbarium of the
Pharmaceutical Chemistry and Natural Product Research Unit
(Faculty of Pharmacy, Mahasarakham University, Maha Sarakham,
Thailand). The fruits were harvested, washed in clean water, and
dried at 50 °C for 48 h in a hot air oven. The fruits (500 g) were
ground to a powder and macerated in 5 L of 80% ethanol for 72 h at
room temperature. The resulting extract was filtered through Whatman
grade 1 filter paper. A rotary evaporator was used to concentrate the
extract (at 40 °C), followed by freeze-drying. FBFE with a yield of
11.65% (w/w) was kept frozen at —20 °C before analysis.

Determination of antioxidant activity

The antioxidant activities of FBFE were investigated using two
different assays: 2,2-Dipheny-1-Picrylhydrazyl (DPPH) free radical
scavenging assay, and 2,2-Azino-bis-(3-ethylbenzthiazoline-6-sulfonic
acid) (ABTS) radical cation assay.

DPPH radical scavenging assay

The DPPH scavenging activity of the sample was measured according
to the methods of Taepongsorat et al. with minor adjustment.’® In
brief, a DPPH reaction mixture (0.15 mM) in ethanol was prepared. A
100 pL aliquot of this reaction mixture was thoroughly mixed with
100 pL of the sample (concentrations 25 — 300 pg/mL) or ascorbic
acid (concentrations 1 — 20 pg/mL) in a 96-well microplate in the
dark, before incubating for 30 min at room temperature. The
absorbance of the reaction mixture was measured at 517 nm using a
UV-visible spectrophotometer microplate reader (SPECTROstar Nano
Microplate reader, BMG Labtech GmbH, Germany). Ascorbic acid
was used as an antioxidant standard or positive control, DPPH
solution with 0.1% DMSO was used as the negative control, and
ethanol (no DPPH) with various concentrations of the sample was
used as the blank. The DPPH radical scavenging activity was
calculated using the following equation:

% DPPH radical-scavenging activity
__ (absorbance of control—absorbance of test sample % 100
- absorbance of control

ABTS radical scavenging assay

The ABTS radical cation assay of the extract was conducted according
to the methods of Indracanti et al. with minor modifications.”” The
stock of ABTS (7 mM) was mixed well with dipotassium
peroxodisulfate (2.45 mM) (1:0.5). The ABTS solution was then
incubated in the dark at room temperature for 16 h. Prior to analysis,
the solution was diluted with ethanol to an absorbance of 0.7 (+0.02)
at 734 nm. A 20 pL aliquot of the extract (concentrations 2.5 — 120
Mg/mL) or ascorbic acid (concentrations 1 — 20 pg/mL) was
thoroughly mixed with 180 pL of the ABTS radical reaction mixture
in a 96-well microplate. The mixture was then incubated in the dark
for 6 min. The absorbance was measured at 734 nm using a UV-
visible spectrophotometer. Ascorbic acid was used as an antioxidant
standard or positive control; ABTS solution with 0.1% DMSO was
used as the negative control; and ethanol (no ABTS) with various
concentrations of the extract was used as the blank. The ABTS radical
scavenging activity was calculated using the following equation:

% ABTS radical scavenging activity
__ (absorbance of control—absorbance of test sample
= x 100
absorbance of control
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Both DPPH and ABTS radical scavenging capacities are expressed as
ICso. A low ICs value indicated that the plant was effective at low
concentrations. Plotting concentration-inhibitory response curves were
generated using GraphPad Prism software version 6.0. The %
inhibition obtained from the DPPH and ABTS radical scavenging
assays was expressed as mg of ascorbic acid or vitamin C equivalents
per gram of sample based on the vitamin C standard curve, called
vitamin C equivalent antioxidant capacity (VCEAC).

Ferric reducing antioxidant power assay

Ferric reducing antioxidant power (FRAP) determination was
performed according to the method described by Puangpornpitag et al.
with minor modifications.™® In brief, 25 L of various concentrations
of extract (2.5 — 120 pg/mL) or ascorbic acid (1 — 15 pg/mL) were
mixed well with 175 pL of FRAP solution (acetate buffer: ferric
chloride: TPTZ (2,4,6-tris(2-pyridyl)-s-triazine) 10: 1: 1). The
mixture was then incubated at room temperature for 4 min. The
absorbance of the resulting mixture was measured at 593 nm by using
a UV-visible spectrophotometer microplate reader. The FRAP value
was calculated using the equation obtained from the standard curve of
ferrous sulfate (FeSO4.7H,0) which was expressed as mM of Fe?*/mg
of the extract. A high FRAP value indicated that F. botryocarpa is an
effective antioxidant. Ascorbic acid served as an antioxidant standard,
and the results were expressed as mg of ascorbic acid or vitamin C
equivalents per gram of extract based on the vitamin C standard curve
(VCEAC).

Alpha-amylase enzyme inhibitory assay

In vitro inhibition of alpha-amylase enzyme was tested according to
the procedure of Ali et al. with minor modifications.”® Briefly, a
solution of 40 pL of the extract (the sample solutions were prepared in
0.1% DMSO at various concentrations (0 — 100 pg/mL)), and 200 puL
of freshly prepared porcine pancreatic alpha-amylase solution in
deionized water (4 U/mL) was prepared. The mixture was pre-
incubated at 25 °C for 5 min. A 400 pL of 0.5% w/v potato starch
solution in 0.02 M sodium phosphate buffer (pH 6.9) and a 160 uL of
distilled water were added into the mixture and then further incubated
at 25 °C for 3 min. The reaction was terminated by transferring 200 UL
of the reaction mixture into a new microfuge tube containing 100 pL
of dinitrosalicylic acid (DNS) color reagent, followed by incubation in
boiling water at approximately 85 °C for 15 min and cooled to room
temperature. The absorbance of the resulting reaction was determined
at 540 nm using a UV-visible spectrophotometer microplate reader
(SPECTROstar Nano Microplate reader, BMG Labtech GmbH,
Germany). To obtain the correct absorbance of the reaction mixture,
the sample absorbance was subtracted from the absorbance of the
sample blank. For the sample blank, DNS reagent was added before
adding the starch solution, and the rest of the procedure was the same
as that for the test. For the control, all methods were the same, except
that the sample was replaced with 0.1% DMSO. Triticum aestivum
(wheat seed), a well-known alpha-amylase inhibitor, was used at 20
U/mL as a positive control.” The amount of maltose present in the
samples was used to determine the alpha-amylase activity. To
construct a standard curve for the estimation of maltose, it was
dissolved in deionized water at various mass ratios (0.01 — 0.1% w/v).
Alpha-amylase inhibitory effect was expressed as ICso. A low
ICsp value indicates that the plant was effective at low concentrations.
Concentration-response curves were plotted using GraphPad Prism
software, version 6.0. The % alpha-amylase inhibitory activity was
calculated using the following equation:

% alpha-amylase inhibitory activity
__ (absorbance of control—absorbance of test sample % 100
- absorbance of control

Statistical analysis

Three independent experiments were performed in triplicate. The
results were expressed as the mean + standard deviation (SD), except
that of the 1Cs values which were expressed as mean + standard error
of the mean (SEM). Data were statistically analyzed using one-way
analysis of variance (ANOVA) followed by Tukey’s post-hoc test.
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Statistically significant differences were indicated by a P-value of less
than 0.05.

Results and Discussion

Antioxidant capacity of FBFE

Antioxidant activity was determined using DPPH and ABTS radical
scavenging activity assays. These two methods are widely used for
measuring the total antioxidant capacity of medicinal plants and are
considered relatively inexpensive, effective, and sensitive to UV-
visible spectrophotometry. In addition, the FRAP assay was also
applied as it is easy, fast, and low-cost. This method is often used to
measure the antioxidant capacity of natural products.?’ Table 1 shows
the 1Cso values and percentage inhibition of DPPH and ABTS radical
scavenging of FBFE and ascorbic acid. In the DPPH and ABTS
assays, FBFE had ICsy values of 54.51+7.20 pg/mL and 5.28+0.30
ug/mL, respectively. The concentration range of FBFE used was 2.5 —
120 pg/mL. The maximal inhibitory activity of DPPH (74.96%) was
observed at 60 pg/mL and the maximal inhibitory activity of ABTS
(99.11%) was also found at 60 pg/mL. Inthe FRAP assay, FBFE had
an FRAP value of 1.97+0.12 mM Fe*/mg dried extract weight, which
was lower than that of ascorbic acid (Figure 1). Figure 2 shows a
comparison of the DPPH, ABTS, and FRAP assays for estimating the
antioxidant activity of vitamin C or ascorbic acid. Antioxidant activity
was expressed as vitamin C equivalent antioxidant capacity (VCEAC)
in mg per mg of FBFE. With the DPPH radical and FRAP assays, the
VCEAC of FBFE were 0.19+0.01 and 0.30+0.05 mg/mg of the
extract, respectively. In contrast, with ABTS radical assay, the
VCEAC was noticed to be at a higher ratio (1.61+0.15 mg/mg of
FBFE). Our findings demonstrate that FBFE has a higher antioxidant
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capacity than vitamin C, especially when using the ABTS. These
results suggest that FBFE possesses a strong ABTS scavenging
activity.

Table 1: The ICs, values and percentage inhibition of DPPH
and ABTS radical scavenging activity of FBFE and ascorbic
acid

Concentration % inhibition % inhibition
(ng/mL) of DPPH of ABTS

25 1.05 + 0.09% 16.47 + 2.06°
5 7.81+0.81%° 52,04 +1.81°
75 9.34 +0.34%" 65.82 +1.05°
15 16.15 +6.15" 83.62 +3.78°
30 34.20 £ 7.20° 95.77 £ 0.15°
60 74.96 + 4.96° 99.11+0.19°
120 4953 +9.53° 96.99 + 0.30°
ICso of FBFE 54.51 +7.20 5.28 +0.30
1Cs of ascorbic acid 7.62+0.48 6.78 +0.16

Data are expressed as mean + SD; Different superscript letters in each
column indicate a significant difference (P-value < 0.05). One-way
ANOVA and Tukey’s post-hoc test were used.
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Figure 1: FRAP assay (a) Standard calibration curve for the determination of FRAP value (b) mM Ferrous equivalents or FRAP value
of FBFE and ascorbic acid
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Alpha-amylase inhibitory activity of FBFE

In vitro inhibition of alpha-amylase in the extract was investigated
using the DNS method. The inhibitory activities of alpha-amylase on
FBFE are shown in Figure 3. FBFE demonstrated concentration-
dependent inhibitory activity against the alpha-amylase effect with an
ICso value of 6.22+2.31 pg/mL. The maximal inhibitory activity of
97.65+5.27% was observed at a concentration of 50ug/mL. The
percent inhibition value of wheat seed used as a positive control was
52.96+8.47%, which was less effective than FBFE at 10 — 100 pg/mL.
This data is in accordance with the preliminary report of Puangcho et
al. that demonstrated FBFE had an alpha-glucosidase inhibitory
activity with a single ICsy of 14.86 pg/mL." This finding suggests that
FBFE is similar to acarbose, a hypoglycemic drug that inhibits both
alpha-amylase and -glucosidase activities, but with undesired side
effects (e.g., diarrhea, constipation, flatulence, and stomach pain).
Therefore, combinations of F. botryocarpa fruit with acarbose may be
of beneficial for diabetes treatment, with fewer side effects.

There are only few reported publications regarding the phytochemicals
and pharmacological activity of F. botryocarpa. In contrast, other
species in the genus Ficus have been critically reviewed.'? %%
However, Wau et al. investigated and reported some important
information regarding the identification of phytochemicals in F.
botryocarpa. They reported the presence of ficuseptine, lupeol acetate,
alpha-amyrin acetate, and beta-amyrin acetate in F. botryocarpa.'
Interestingly, lupeol and beta-amyrin are the most important of the
pentacyclic triterpenes found in numerous medicinal plants and these
compounds have been proven to have various healthy biological
activities (e.g., cardioprotective, hepatoprotective, gastroprotective,
antitumor, anti-inflammatory, antimicrobial, analgesic, antiparasitic,
and wound-healing), including antidiabetic activity. Recently, Tamfu
et al. reported that the synthesis of beta-amyrin and lupeol exhibited
potent inhibition against alpha-amylase and -glucosidase enzymes.?* It
is possible that the inhibitory action of the alpha-amylase enzyme
found in FBFE is lupeol and beta-amyrin. However, other
phytochemicals such as polyphenols® and flavonoids® have also been
shown to inhibit alpha-amylase and -glucosidase enzymes.
Investigation of the phytochemical contents of total phenolics and
flavonoids in FBFE needs to be confirmed in the future.

The antioxidant activities of lupeol isolated from the methanol leaf
extract of Crateva adansonii were investigated using a variety of
antioxidant methods and it was concluded that lupeol exerts
antioxidant activities by scavenging free radicals. Surprisingly,
Tchimene et al. showed that lupeol possesses strong ABTS
scavenging activity?’, which is similar to the results of the present
study when compared to DPPH and FRAP assays. This suggests that
lupeol from FBFE may be the main bioactive compound with
antioxidant properties. Analysis of the phytochemical contents
associated with antioxidant activity (e.g., total phenolics, total
flavonoids, tannins, and saponin)® in FBFE requires further
investigation.

Conclusion

This study reports the in vitro antioxidant and antidiabetic potentials
of an ethanol extract of F. botryocarpa fruit. It could be useful in the
treatment of postprandial blood glucose, and in the reduction of
complications and mortality in diabetes mellitus. However, this study
suggests further investigation is required, especially of the bioactive
ingredients associated with the actions of this ethanol extract. To
develop a novel antidiabetic drug further in vivo and clinical studies
are also required.
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