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Abstract The present study investigated the nutritional
composition of bran from rice (RB) and wheat (WB) and
compared the natural virtues of crude extracts based on
phenolic composition, antidiabetic and anticancer activities.
The profiling of phenolic-rich ethyl acetate extracts (RBE
and WBE) confirms that RBE is rich in catechol (0.122 mg/g
dw), p-coumaric acid (0.159 mg/g dw), kaempferol
(0.374 mg/g dw) and apigenin (0.399 mg/g dw); and WBE s
affluent with catechol (0.144 mg/g dw), ferulic acid
(0.160 mg/g dw), caffeic acid (0.083 mg/g dw) and ellagic
acid (0.074 mg/g dw). RBE exhibited better antioxidant
activity, inhibited the activity of a-amylase (IC5¢-353.41 pg/
mL) and o-glucosidase (ICsp-314.22 pg/mL), hindered
glycation process (ICs5¢p-451.11 pg/mL), and enhanced glu-
cose uptake in L6 muscle cells (20.4%) indicating its
potential in diabetic management. RBE was toxic to HT29
colon cancer cells and decreased cell membrane integrity.
RBE and WBE arrested cell-cycle transition in HT29 cells
from GO to G1 and G2 to M phase respectively and induced
apoptosis (27.15% and 5.9%, respectively for RBE and
WBE) suggesting anticancer activities of the extract. The
study indicates that bran from rice and wheat are a potential
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ucts with nutraceutical benefits.

Keywords Bran - Dietary fibre - Phenolic compounds -
Antioxidant - Antidiabetic - Anticancer

Introduction

Cereals are the essential staple foods for millions of pop-
ulation, among them, wheat and rice are the primary pro-
duce globally. The cereal processing generates a
considerable amount of bran, the outer layer of the grain
kernel, as byproduct where most of the antioxidants, B
vitamins and fibre locate. Bran is also an excellent source
of soluble and insoluble dietary fibre with promising
functional and nutritional properties (Daou and Zhang
2013; Mingyai et al. 2017).

RB and WB are the rich sources of dietary fibre and
antioxidants (Daou and Zhang 2013; Mingyai et al. 2017,
Arab et al. 2011; Zhou and Yu 2004). The dietary fibre
content of WB and RB are reported to vary between
36.5-52.4% (Vitaglione et al. 2008) and 27.04-32.9%
(Daou and Zhang 2013) respectively. Consumption of
dietary fibre rich food is reported to reduce the hazards of
chronic diseases, and the antioxidants play a remarkable
role in controlling these diseases. Polyphenols, oryzanols,
tocopherols and tocotrienols impart antioxidant potential to
RB and WB (Lai et al. 2009; Brewer et al. 2014). Bran is
rich in phytosterols which are known to absorb cholesterol
and reduces LDL cholesterol in the blood (Ozdestan et al.
2014). The phytochemical constituents of bran significantly
rely upon the extraction solvents and the cereal varieties.
Abozed et al. (2014) have noted that the acetone extract of
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durum wheat variety (Egypt) possess high phenolic content
and better antioxidant potential. The methanol extract of
fajr rice variety (Iran) exhibited a high amount of phenolic
compounds and showed remarkable antioxidant action
(Arab et al. 2011).

Though RB and WB have been studied for various
biological activities attributed by dietary fibre, oryzanols,
tocopherols and tocotrienols, comparative studies on
detailed phytochemical composition and biological activi-
ties are very few. Moreover, there are fewer studies related
to the possible mechanism of action underlying the bio-
logical activity of crude extracts from these brans. How-
ever, there are no detailed reports on the phenolic profiling
on the bran from rice and wheat and its associated health
benefits. In this context, we have carried out a comparative
evaluation of the phytochemical composition and biologi-
cal activities of ethyl acetate and methanol extracts of the
bran for their nutraceutical benefits in terms of antidiabetic
and anticancer activity.

Materials and methods
Sample

Rice (Oryza sativa—*“Cheradi” variety) and wheat
(Triticumaestivum—*“HD2967* variety) grains were col-
lected from paddy fields in Kollam district of Kerala and
Ambala district of Haryana respectively. The specimen
samples of rice (TBGT93995) and wheat (TBGT99996) was
deposited in the herbarium of Jawaharlal Nehru Tropical
Botanic Garden and Research Institute, Kerala. Dried grains
were milled in a local mill (two-stage milling process) to
separate husk and bran. The bran was refined through 80
mesh and placed in an airtight container until use.

Chemicals

Fetal bovine serum (FBS), horse serum and Dulbecco’s
modified eagle media (DMEM) were procured from Life
Technologies, USA. Antibiotic—antimycotic solution (with
10,000 units penicillin, 10 mg streptomycin and 25 pg
amphotericin B per mL), trypsin-EDTA solution (0.25%),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT), polyphenols, trolox, acarbose, 2,2-diphenyl-
1-picrylhydrazyl (DPPH), a-amylase, oa-glucosidase, 4-ni-
trophenyl a-p-glucopyranoside and acarbose were supplied
by Sigma-Aldrich, USA. Invitrogen, USA supplied 2-(N-
(7-Nitrobenz-2-oxa-1,3-diazol-4-yl)Amino)-2-Deoxyglu-
cose (2-NBDG). Cupric chloride (CuCl,) and neocuproine
were obtained from Alfa Aesar, USA. Sodium nitroprus-
side, vitamin C and solvents for high-performance liquid
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chromatography (HPLC) were obtained from Sisco
Research Laboratories, India.

Cell lines

L6-rat skeletal myoblast and HT-29 colon cancer cells
(NCCS, Pune, India) were grown in DMEM containing
FBS (10%) and antibiotic—antimycotic solution (0.5%) and
kept in an 37 °C incubator supplied with 5% carbon
dioxide (CO,). L6 cells were differentiated with horse
serum (5%), trypsinized, diluted and seeded to a density of
10* cells per well in 24 well plates. After the cells attained
~ 80% confluence, the cells were treated with extracts,
and the viable cells were quantified by MTT assay and
represented as ICsq values.

Proximate analysis

Moisture (method 930.15), ash (method 923.03), fat
(method 983.23), protein (method 984.13), crude fibre
(method 962.09), carbohydrate (difference method, [100-
{moisture + ash + fat + protein}]), sodium and potas-
sium (method 969.23), were determined by procedure of
Association of Official Analytical Chemists (AOAC) pro-
tocols (1990).

Isolation of dietary fibre

The soluble and insoluble forms of dietary fiber were
extracted as per the protocol described by Bureau of Indian
Standard Method (IS: 11062 1984) with slight modifica-
tions. Defatted, moisture-free bran (3 g) mixed with water
(50 mL) and autoclaved. Further, the pH was adjusted to
1.5 with hydrochloric acid (5 M) followed by the addition
of 50 mg pepsin (250 units/mg solid) and chloroform
(200 mL) and incubated for 20 h with mild stirring at
37 °C. Followed by incubation, the pH was increased to 6
with sodium hydroxide (3 N) and phosphate buffer
(25 mL, 0.2 M, pH 7.4), pancreatin (100 mg, P7545 from
Sigma), glucoamylase (20 mg, 250 U/mL), amyloglucosi-
dase (20 mg, 260 U/mL) and thymol crystals (2 g) were
added. This mixture was incubated for 18 h with mild
stirring at 37 °C. The contents were centrifuged
(3000g x 30 min) after the incubation; the leftovers were
washed with acetone and diethyl ether and lyophilized to
obtain the insoluble dietary fiber. The supernatant was
precipitated with ethanol [1:4 ratio (v/v)] and centrifuged
(3000g x 30 min). The residue was washed with alcohol,
acetone and diethyl ether and lyophilized to obtain the
soluble dietary fibre.
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Preparation of bran extracts

The bran was powdered (Retschultra centrifugal mill
ZM200, Germany), refined through vibrating shifter (Vibro
Sifter model PVS30, Prism Pharma Machinery, India)
coupled with mesh (20 mm), defatted with hexane and
dried in an oven at 40 °C. Defatted bran (100 g) was
extracted with ethyl acetate followed by methanol with
continuous stirring. The crude extracts were filtered and
evaporated (Buchi-R215, Switzerland) under reduced
pressure at 40 °C to obtain RB ethyl acetate extract (RBE),
RB methanol extract (RBM), WB ethyl acetate extract
(WBE) and WB methanol extract (WBM). The extracts
were dissolved and made up to 100 mL with respective
solvents, and kept at 4 °C until further use.

Total phenolic content

The total phenolic content of the extracts was determined
using Folin—Ciocalteau reagent Singleton and Rossi
(1965). The 1 mL reaction mixture containing 720 pL. of
test/standard (different concentrations of test samples or
gallic acid were made up with methanol), 80 pL of Folin’s
reagent and 200 pL of sodium carbonate (7.5%) was
incubated for 90 min at room temperature. A blank reac-
tion with methanol was also performed simultaneously.
The absorbance was observed at 725 nm using a multiplate
reader (Synergy 4 Biotek, USA). The phenolic content of
the extracts in total was presented as milligram of gallic
acid equivalent per gram dry weight (GAE/g dry weight).

Chromatographic profiling for assessment
of polyphenols in extracts

The profiling of polyphenolic compounds was performed
using HPLC, as described earlier (Arun et al. 2017).
Briefly, 20 pL extract was injected to Shimadzu Promi-
nence UFLC (Japan). The peaks separated [gradient system
containing water, methanol and acetic acid water at a ratio
of 88:10:2 (solvent A) and 8:90:2 (solvent B)] were tracked
using diode array detector at 280 nm and the retention time
were correlated with that of the standard polyphenols. For
quantification of polyphenols, standard polyphenols at
different concentrations (5, 10, 50, 100, 250, 500 and
1000 pg/mL) were injected, and the area under the peak for
each concentration was noted. A graph was plotted (con-
centration versus area under the peak) to obtain a straight
line equation. To the equation of specific polyphenols, the
value of area under the peak of a particular polyphenol as
obtained for the test sample (different extracts of RB and
WB) was inserted, and the concentration of that specific
polyphenol was quantified.

Antioxidant property

The antioxidant activity of the extracts was assessed in
terms of free radical (DPPH, Nitric oxide, superoxide)
scavenging and cupric ion reducing activity as described
earlier (Venkatachalam and Muthukrishnan 2012; Apak
et al. 2008). The assays were performed using different
concentrations of extracts (100-600 pg/mL). The ICsy
values were obtained by plotting concentration versus
absorption values in Origin PRO software, USA (average
of three replicates).

Antidiabetic property

The inhibition of a-amylase and o-glucosidase enzymes,
antiglycation property and glucose uptake efficacy of rice
and wheat bran extract at different concentrations
(100-600 pg/mL) was evaluated using the procedure as
described earlier (Arun et al. 2017). The extracts at required
concentrations were dried and resuspended in DMSO
(DMSO final concentration in reaction mixture—0.1%).
Appropriate solvent controls were kept while performing
the assays. The absorption values were plotted against
concentration and ICs, were obtained from the graph.

Inhibition of a-amylase

The assay mixture containing sodium phosphate buffer
(0.02M, pH 6.9 containing 6 mM sodium chloride),
a-amylase (0.02 U/mL from porcine pancreas) and extracts
at different concentrations were maintained at 37 °C for
10 min, soluble starch (1%, w/v) was added and kept for
15 min incubation. The reaction was ceased by adding 1 M
hydrochloric acid and blue colour developed upon addition
of iodine reagent (5 mM I, and 5 mM KI) was read at
620 nm. The relative activity was measured by correlating
with the control (without inhibition).

Inhibition of a-glucosidase

The reaction mixture with phosphate buffer (0.1 M, pH 7),
4-nitrophenyl a-p-glucopyranoside (0.5 M), a-glucosidase
(0.1 U/mL) enzyme and extract at different concentrations
was kept for 30 min incubation at 37 °C. The reaction was
ended by adding sodium carbonate (0.2 M) solution. The
p-nitrophenol discharged due to the action of the enzyme
was measured at 410 nm and percentage inhibition was
calculated.
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Antiglycation property

To analyze the antiglycation property of the extracts the
mixture of bovine serum albumin (1 mg/mL), p-glucose
(200 mM), extracts (different concentrations) and phos-
phate-buffered saline (PBS-0.2 M, pH7.4) were kept for
24 h incubation at 60 °C. To terminate the reaction,
trichloroacetic acid was added and maintained at 4 °C
for 10 min. The mixture was centrifuged (10,000g) and
the residue (glycated end-products) was resuspended in
PBS to measure the excitation—emission (370/440 nm)
fluorescence.

Glucose uptake assay

After preexposing with the extracts (100 pg/mL), the dif-
ferentiated L6 myoblast cells were washed with PBS fol-
lowed by adding 2-NBDG, the fluorescent glucose
analogue, for 30 min. The cells were rewashed, trypsinized
and reconstituted in 1 mL buffer to carry out flow cytom-
etry (BD FACS Aria II, USA).

Anticancer property

The anticancer effect of various extracts was analyzed by
different in vitro assays. The extracts were dried and
resuspended in DMSO, and the final concentration of
DMSO in the wells of cell culture plates was maintained at
0.1% by proper dilution with PBS.

Cell membrane integrity (lactate dehydrogenase release
assay)

The potential of the extract on cell membrane integrity of
HT?29 cells was analyzed by lactate dehydrogenase release
assay kit (Cayman Chemical Company, USA). The HT29
cells were exposed to extracts in varying concentrations
(1-500 pg/mL) and incubated for 24 h. Following the
incubation time, 100 pl. of media from each well was
transferred to 96 well plates. To that 100 pL of the reaction
mixture was added (prepared as per manufacturer’s indi-
cations) and the absorbance was measured at 490 nm.

Cell cycle arrest

The propidium iodide staining was followed to analyze the
cell cycle. Concisely, HT29 cells pre-exposed with extracts
(75 pg/mL) were washed and fixed with 70% ethanol. The
cells in each well were stained with a solution containing
200 pL of propidium iodide (50 pg/mL) and 50 pL of
RNase (100 pg/mL) and quantified by flow cytometry (BD
FACS Aria II, USA).
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Analysis of apoptosis

Annexin V-FITC apoptosis detection kit (Cayman Chem-
ical Company, USA) was utilized to depict the early and
late-stage apoptosis in HT29 cells exposed with extracts
(75 pg/mL). The annexin V forms a strong bond with the
exposed phosphatidylserine on the membranes of apoptotic
cells. This affinity differs in early and late stages and is
quantified using flow cytometry.

Statistical data analysis

The average of triplicate observations with standard devi-
ation was evaluated. The information obtained from vari-
ous experiments was scrutinized by one-way ANOVA and
Duncan’s multiple range test using SPSS version 7.5.1
(Chicago SPSS Inc. USA) with p value < 0.05.

Results and discussion
The proximate contents of rice and wheat bran

The proximate composition of RB and WB was investi-
gated in the present study (Table 1). The moisture, fat,
protein and ash content of RB (10 & 0.3%, 5.1 & 0.074%,
12.54 £ 0.28% and 11.42 £ 0.04% respectively) was
significantly higher than WB (8 + 0.48%, 1.42 £ 0.053%,
9.85 £ 0.14% and 6.34 &= 0.17%. respectively). On the
other hand, the carbohydrate content was higher in WB
(74.39 £ 1.19%) as compared to RB (60.94 + 0.98%),
and values fall within the reported range (Sairam et al.
2011; Lin et al. 2019).

Table 1 Proximate contents, minerals, soluble and insoluble fibre
from rice bran and wheat bran

Proximate Rice bran Wheat bran
Moisture (%) 10.0 + 0.30* 8.0 £0.48
Protein (%) 12.54 £+ 0.28* 9.85 £ 0.14
Fat (%) 5.1 £ 0.074* 1.42 £+ 0.053
Ash (%) 11.42 £ 0.04* 6.34 + 0.17
Carbohydrate (%) 60.94 + 0.98* 74.39 £ 1.19
Sodium (mg/100 g) 4.6 + 0.40* 2.1 +0.09
Potassium (mg/100 g) 1164 + 2.48%* 1498 + 3.27
Soluble dietary fibre (%) 0.92 + 0.097 222 + 1.02*
Insoluble dietary fibre (%) 32.17 £ 245 40.94 + 3.40*
Total dietary fibre (%) 33.09 + 2.55 43.16 + 4.42*

Each value represents mean £ SD (standard deviation) from triplicate
measurements.

*RB significantly different from WBE; *WB significantly different
from RB (p value < 0.05)
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The enzymatic hydrolysis of bran yields soluble and
insoluble dietary fibre. The total dietary fibre content of RB
and WB were 33.09 £ 2.55% and 43.16 & 4.42%
respectively. The insoluble (40.94 &+ 3.40%) and soluble
(2.22 + 1.02%) dietary fibre content were more in WB,
and the results are comparable to that of data compiled in
the review by Chawla and Patil (2010). However, the
soluble dietary fibre content of RB (0.92 + 0.097%) is
significantly less when compared to published reports
(Chawla and Patil 2010), which may be due to the differ-
ence in factors like extraction protocol, plant variety,
geographical area etc.

The study indicated that RB and WB are better sources
of dietary fibre as compared to many other agro-industrial
byproducts (Arun et al. 2017; Sagar et al. 2018). Con-
sumption of dietary fibre is reported to lower the risk of
developing lifestyle associated diseases. The soluble diet-
ary fibre is associated with the maintenance of gut home-
ostasis by improving gut microbiota growth. Experimental
studies have shown that the prebiotic nature of soluble

dietary fibre boost the growth of probiotic gut bacteria
(Poeker et al. 2018) and thus maintains gut health. There-
fore, there is an excellent scope for the value addition of
RB and WB for developing functional foods and
nutraceutical products. It is reported that the preeminent
part of bioactive phytochemicals is destined to fibre. Since
RB and WB were rich in fibre, we further investigated the
phytochemical composition and its biological activity.

Total Phenolic Content and its HPLC profiling

The yield and TPC of extracts of RB and WB are shown in
Table 2. Methanol extraction showed better yield for both
RB and WB. However, this has not reflected in the phe-
nolic content, as TPC is less in methanol extracts compared
to that of ethyl acetate extracts. Sugars that usually get
eluted with methanol might be the reason for increased
yield of methanol extracts. The RB extracts possessed
higher phenolic content than WB, and these TPC values
fall within the range of reported values of various rice and

Table 2 Yield, TPC and
CUPRAC values for different

Yield% (g/g dry weight)

TPC (mg GAE/g dry weight)  CUPRAC (uM TR/g dry weight)

extracts of rice and wheat bran RBE 374 + 0.245%

RBM  6.58 + 0.112%
WBE  3.20 £+ 0.117
WBM  5.70 & 0.184

6.50 & 0.89* 6.28 &+ 1.23*
4.11 + 1.10% 10.51 + 1.45%
470 + 1.23 3.34 + 1.50
231 + 0.92 591 + 1.27

Each value represents mean = SD (standard deviation) from triplicate measurements
*RBE significantly different from WBE; *RBM significantly different from WBM (p value < 0.05)

Table 3 Polyphenol

quantification in ethyl acetate
and methanol extracts of RB
and WB

Polyphenols Yield (mg/g dry weight)

RBE RBM WBE WBM
Gallic acid - 0.004 + 0.001° - -
Catechol 0.122 £+ 0.002 - 0.144 £ 0.004° -
Chlorogenic acid 0.017 £ 0.008* - - -
Caffeic acid 0.053 £+ 0.001 0.071 £ 0.005 0.083 + 0.005¢ 0.064 + 0.006
Syringic acid 0.041 £ 0.005 0.062 + 0.008" 0.035 £ 0.004 -
p-Coumaric acid 0.159 + 0.021° 0.040 £ 0.007 0.052 £ 0.007 0.115 + 0.003¢
Ferulic acid 0.049 + 0.022 0.030 £+ 0.010 0.160 + 0.002¢ 0.044 + 0.007
Ellagic acid 0.063 £ 0.008 0.033 + 0.004° 0.074 + 0.001°¢ 0.023 + 0.004
Myercetin 0.021 + 0.002* 0.014 + 0.008" 0.008 + 0.001 -
Cinnamic acid 0.024 £+ 0.004* 0.013 £ 0.004 0.012 £ 0.007 0.010 % 0.005
Quercetin 0.013 £ 0.001* 0.011 =+ 0.002° - -
Kaempferol 0.374 + 0.083* 0.018 =+ 0.002° - -
Apigenin 0.399 + 0.075° 0.246 + 0.054° 0.053 + 0.014 0.027 + 0.001

Each value represents mean £ SD (standard deviation) from triplicate measurements

*Values of RBE significantly different from WBE
"Values of WBE significantly different from RBE
“Values of RBM significantly different from WBM
dValues of WBM significantly different from RBM
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Fig. 1 Chromatogramsdepicting HPLC profiling of polyphenols in
extracts of RB and WB. (a) RBE, (b) RBM, (c) WBE and (d) WBM.
The numbers assigned to corresponding peaks are referred to in the
text

wheat varieties (Arab et al. 2011; Brewer et al. 2014; Lai
et al. 2009; Zhou and Yu 2004; Abozed et al. 2014; Wang
et al. 2013).

Taken in the account of the fact that the medicinal
properties of plants are generally associated with con-
stituent phenolic compounds, the RB and WB extracts were
analyzed qualitatively and quantitatively by HPLC
(Table 3). Thirteen polyphenolic compounds were initially
inspected with their corresponding retention times are as
follows: (1) Gallic acid, (2) Catechol, (3) Chlorogenic acid,
(4) Caffeic acid, (5) Syringic acid, (6) p-coumaric acid, (7)
Ferulic acid, (8) Ellagic acid, (9) Myricetin, (10) Cinnamic
acid, (11) Quercetin, (12) Kaempferol and (13) Apigenin.

Twelve polyphenols were identified in RBE, whereas
eleven polyphenols were identified in RBM (Fig. 1). RBE
is rich in catechol, p-coumaric acid, kaempferol and api-
genin (0.122, 0.159, 0.374 and 0.399 mg/g dry extract
respectively). Nine polyphenols were identified in WBE,
whereas six polyphenols were identified in WBM (Fig. 1).
WBE is rich in catechol, ferulic acid, caffeic acid and
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ellagic acid (0.144, 0.160, 0.083 and 0.074 mg/g dry
extract respectively). From the chromatograms, it is evi-
dent that RB extracts are endowed with more polyphenols
than the WB. This may be correlated with the higher value
of TPC for RB extracts as compared to WB. It may also be
noted that the phytochemicals are distributed based on their
solubility and polarity and flavonoids like myricetin,
quercetin, kaempferol and apigenin which are less polar are
more abundant in ethyl acetate extract as compared to
methanol extract, as reported earlier (Brglez Mojzer et al.
2016).

Antioxidant property

The outsets of lifestyle-associated diseases are character-
ized by excessive production of ROS combined with
oxidative stress, and there is a continuous quest for new
antioxidant sources which can play a significant role in
avoiding the threat of acquiring lifestyle-associated dis-
eases. The antioxidant efficacy is a multifactorial phe-
nomenon that strongly relies on phytochemical nature,
oxidative situations, and mechanisms of action. Hence, the
antioxidant activity could not be assessed based on a single
antioxidant assay (Silva et al. 2006). To address the
antioxidant potential of bran extracts, we have performed
Cu®" reducing potential and free radical scavenging
(DPPH, NO, superoxide radical) activities.

The Cu®" reducing assay gives an idea about the total
antioxidant capacity of the sample which is otherwise
difficult to quantify by measuring the activity of specific
antioxidants. The RBM and WBM depicted higher Cu*"
reducing activity than its corresponding ethyl acetate
extracts. Among the methanol extract, the RBM was more
active (10.51 pM TR/g dry weight). The results are given
in Table 2.

The DPPH, NO and superoxide radical scavenging assays
are generally used for the measurement of the antioxidant
potential of compounds present in plant extracts. The NO
and superoxide radicals when generated uncontrollably in
biological systems results in increased inflammation, cellular
components got damaged, and leads to chronic diseases. The
ICs¢ values for DPPH, NO and Superoxide radical scav-
enging assays are given in Table S1. RBE and WBE exhib-
ited better radical scavenging activity than the corresponding
methanol extracts. Among the four extracts, RBE showed
potent DPPH scavenging activity (IC50—250.14 pg/mL).
Arab et al. (2011) reported that the methanol extract of RB
scavenge DPPH free radical better.

In contrast, Zhou and Yu (2004) indicated that 70%
methanol extract owns the highest DPPH scavenging
activity among various extracts of WB. The results from
the present study are comparable to these reports. The
variation on the ICsy values may be attributed to the
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varietal difference of sources and solvents selected for the
study. The NO radical scavenging activity revealed that the
ethyl acetate extracts displayed high scavenging activity
compared to corresponding methanol extracts of both RB
and WB. RBE demonstrated the highest activity among the
four extracts (IC50—346.81 pg/mL). The data from
superoxide radical scavenging by the RB and WB extracts
indicated that RBE (IC5p—290.09 pg/mL) possesses the
highest activity which may be correlated with the higher
total phenolic content. As per our knowledge, to date, there
are no studies that report the NO and superoxide radical
scavenging activity of both RB and WB. Since RBE is
affluent with polyphenols such as apigenin, kaempferol,
p-coumaric acid and catechol, the better antioxidant
potential of RBE can be attributed to the synergistic effect
of these polyphenols. These specific polyphenols are
reported to scavenge free radicals very efficiently (Hirano
et al. 2001; Shen et al. 2019).

Though the activity of the extracts was lower than the
respective standards, the extracts exhibited antioxidant
activities, which may be of interest. The presence of phe-
nolic compounds such as catechol, p-coumaric acid,
kaempferol and apigenin in RBE and catechol, ferulic acid,
caffeic acid and ellagic acid in WBE indicated promising
biological activity of the extracts against degenerative
diseases. Antidiabetic and anticancer activities of these
particular polyphenols independently have been reported
earlier (Proestos et al. 2005; Na et al. 2016; Li et al. 2018;
Fang et al. 2008; Rajeswari and Sridevi 2014; Wang et al.
2000; Nair et al. 2009; Jaganathan et al. 2013; Song et al.
2014). Therefore, preliminary studies were carried out to
evaluate the efficacy of the extracts in modulating diabetes
and cancer using in vitro biochemical assays.

Antidiabetic and anticancer property

RB and WB extracts inhibit o-amylase and a-glucosidase
action

Postprandial hyperglycemia is one of the key features of type
2 diabetes. Inhibiting primary enzymes (o-amylase and o-
glucosidase) of carbohydrate metabolism is one of the
methods adopted to reduce postprandial hyperglycemia. The
potential of the bran extracts to reduce hyperglycemia was
analyzed by its efficacy to suppress a-amylase and o-glu-
cosidase, which release glucose from carbohydrate. The
enzymes inhibitory activity was represented as ICs, values
(Table S1). The RBE exhibited better o-amylase and
a-glucosidase inhibiting activity (353.41 and 314.22 pg/
mL). However, the activity of the extracts was less compared
to acarbose. This is the first time report as far as to our
knowledge about the potential of RB against a-amylase and
a-glucosidase. The abundance of kaempferol and apigeninin

RBE would have played a role in enzyme inhibition as these
polyphenols are reported to interfere o-glucosidase and o-
amylase action (Na et al. 2016; Li et al. 2018).

RB and WB extracts reduce the synthesis of advanced
glycated end products

The antiglycation study demonstrated that RB is more
active than WB (Table S1). RBE and WBE found to pos-
sess better activity when compared to the corresponding
methanol extracts (451.11 and 515.39 pg/mL). Two stan-
dard molecules—ascorbic acid and aminoguanidine were
used as positive controls for antiglycation assay, which
exhibited an activity of 28.11 and 60.33 pg/mL respec-
tively. It is well known that there exists a definite corre-
lation between the inhibition of advanced glycated end-
products synthesis with the phenolic content of the extracts
from plant sources. p-Coumaric acid has been proved to
associate with antiglycation property (Proestos et al. 2005)
which might have contributed to the antiglycation property
of RBE. So far, there is no study reporting the antiglycation
potential of RB and WB.

Cell viability assay

The cytotoxic effect of the extracts against L6 myoblast
(Fig. 2a) and HT29 colon cancer cells (Fig. 3a) was
assessed by MTT assay. The RBE and WBE were more
toxic to L6 (IC5,—122.76 ng/mL and 211.4 pg/mL) and
HT29 (IC50—95.03 pg/mL and 161.55 pg/mL) cell lines.
Concentrations below ICsq were used for further cell cul-
ture studies.

RB and WB extracts enhance uptake of Glucose in L6 cells

RBE and WBE were further studied for their activity in
enhancing glucose uptake in L6 cells. RBE and WBE
(100 pg/mL, concentration below ICs) were taken for the
study. The results demonstrated that the pre-incubation of
L6 cells with RBE and WBE effectively induced glucose
uptake (Fig. 2b, c¢). RBE and WBE enhanced the cellular
uptake of glucose by 20.4 £+ 0.5% and 13.8 £ 0.361%
respectively, compared to the control cells. It was exciting
to note that the RBE activity was similar to that of
rosiglitazone 100 nM (22.15 & 0.87%). As muscle and
adipose cells fail to respond to the impaired insulin in Type
2 diabetes, researchers are in search of natural constituents
that enhance the response of adipose and muscle cells to
insulin, which in turn leads to increased glucose uptake in
the adipocytes or myotubes. The study suggested that bran
is an excellent source of phytochemicals with antidiabetic
potential. The better activity of RBE can be linked to the
higher content of kaempferol and apigenin (Fang et al.
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Fig. 2 The effect of extracts on cell viability and glucose uptake
efficacy of L6 muscle cells. a MTT assay showing cytotoxicity of
ethyl acetate extracts of rice (RBE) and wheat (WBE) bran against L6
(IC50 values are shown in brackets). b Graphical representation of
glucose uptake assay using 2-NBDG [*significance of difference from
untreated, *significance of difference from Rosiglitazone (ROS

2008; Rajeswari and Sridevi 2014), along with the syner-
gistic effect of other polyphenol compounds present in the
extract.

RB and WB extracts impair cell membrane integrity
and release LDH

To understand the effects of RB and WB on the prevention
and management of cancer, its effect on cell membrane
integrity by LDH release, cell cycle arrest and induction of
apoptosis were studied. During cell death, lactate dehy-
drogenase (LDH) released as the cells losses its membrane
integrity and is, therefore, is considered as a marker of cell
death. Therefore, leakage of the membrane-bound LDH

@ Springer

positive control) and ®significance of difference between RBE and
WBE] and c representative flow cytometry data of glucose uptake,
i untreated control, ii rosiglitazone, iii ethyl acetate extract of rice
bran-RBE (100 pg/mL) and iv ethyl acetate extract of wheat bran-
WBE (100 pg/mL)

was studied to assess the effect of the extracts on mem-
brane integrity of HT29 colon cancer cell. The results are
illustrated in Fig. 3b. The cells treated with 100% DMSO
exhibited maximum LDH release. In the case of extracts,
the LDH release increased with increase in the concentra-
tion of the extracts. The maximum LDH release was
exhibited when treated with RBE. Thus, the assay estab-
lished that pretreatment with extract significantly affects
the integrity of the membrane of HT29 cells.

The extracts of RB and WB arrest cell cycle

The fact that defects in cell cycle checkpoints will lead to
the development of cancer is well established (Barnum and
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Fig. 3 Analysis of cytotoxicity and anticancer action of extracts
against HT-29 cancer cells. a MTT assay showing cytotoxicity of
RBE and WBE against HT29 cells (IC50 values are shown in
brackets); b LDH release assay showing extracts effect on cell
membrane integrity [*RBE-500 pg/mL significantly different from
other extracts]; ¢ cell cycle arrest. Histogram illustrating the cells (%)
arrested in various stages of the cell division cycle as obtained from

O’Connell 2014). The cytotoxicity and LDH release assay
showed that both RBE and WBE inhibit the growth of
HT29 cells. Based on these data, we further analyzed the
effect of the extracts on cell cycle progression. Following
the treatment with extracts at 75 pg/mL (concentration
below ICs), the dissemination of cells in diverse stages of
the cell division cycle was interpreted employing flow
cytometry. The experimental outcome indicated that pre-
incubation with RBE resulted in the arrest of 52.7 £ 3.1%
cells at GO/G1 phase, whereas WBE arrest 46.6 &= 2.3%
cells at the G2/M phase. The results are presented in
Fig. 3c. The results from the present study indicated that
the extracts were able to interfere with the cell. However,
further experiments need to be performed to analyze the
role of extracts in modulating checkpoint proteins to con-
firm the exact mechanism by which the extracts demon-
strate this activity.

RB and WB extracts activate apoptosis

The effect of extracts to induce apoptosis in HT29 cells was
determined via a combination of Annexin V-FITC and

(b) 167 =RBE =RBM = WBE = WBM = DMSO Control
-
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£
g
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]
=]
=]
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flow cytometry analysis. Treatment—untreated control, camptothecin
(50 uM), RBE (75 pg/mL) and WBE (75 pg/mL) (*#signiﬁcance of
difference of RBE and WBE with the untreated sample respectively);
and d graphical representation showing cells in early and late phase
apoptosis (*significance of difference from untreated, *significance of
difference from positive control and ®significance of difference
between RBE and WBE)

propidium iodide. The mean values of cells in early and late-
stage apoptosis are depicted in Fig. 3d, and the representative
flow cytometry data are shown in Figure S1. The data depicted
that RBE was more active in inducing apoptosis when com-
pared to WBE. The percentage of cells that were in the early
stage apoptosis after exposing to RBE was 21.1 + 2.75%
whereas 8.0 & 1.55% of cells were found to be in the late-
stage apoptosis. At the same time, only 3.35 £ 0.07% and
2.55 £ 0.21% of cells exhibited early and late stage of
apoptosis, respectively, after treatment with WBE.

It was observed that RBE exhibited better activity than
WBE. The anticancer effect of RBE can be attributed to its
higher phytochemicals that include apigenin, kaempferol,
p-coumaric acid and catechol; as these compounds were
proved to have anticancer potential against diverse group
of cancer cell lines (Wang et al. 2000; Nair et al. 2009;
Jaganathan et al. 2013; Song et al. 2014).
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Conclusion

Bran is the most nutritious and versatile part of the cereal
kernels which has been underutilized as a food source. The
bran from rice and wheat as investigated under the present
work has been found to be a good source of dietary fibre
and phytochemicals such as kaempferol, apigenin, cate-
chol, p-coumaric acid, ferulic acid etc. The extracts
demonstrated suitable antioxidant activities. The antidia-
betic properties that were evaluated in terms of inhibition
of a-amylase and a-glucosidase, antiglycation and glucose
uptake assays showed that RBE demonstrated better
activity in enhancing glucose uptake efficacy and inhibiting
the key enzymes involved in carbohydrate metabolism. The
antiglycation property suggests the potential of the bran
extracts against diabetes-associated complications. Abnor-
mal cell cycle progression and inhibition of apoptosis are
the signature hallmark of cancer development and the bran
extracts, especially RBE, demonstrated promising activity
by hindering the cell cycle and activating apoptosis. The
data obtained from the present investigation confirms the
biological properties of rice bran and wheat bran in terms
of antidiabetic and anticancer potential. The study
emphasizes the potential of value addition of bran in
developing functional foods and nutraceutical products for
preventive management of lifestyle-associated diseases and
these less studied cereal varieties may be a good source of
dietary fibre and phytochemicals with enormous
applications.
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