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ABSTRACT

Introduction: Imbalance between total energy intake and expenditure causes accumulation of
excess fat and sugar in the body which leads to development of diabetes mellitus type Il, obesity,
and metabolic syndrome. These harmful diseases accelerate aging and cause fatal metabolic dis-
orders as people age. Inhibition of pancreatic lipase, and alpha glucosidase digestive enzymes is a
step that can reduce excess fat and sugar from the body, which is an essential component of healthy
aging. Methodology: In this study, agueous and 50% ethanolic extracts of Hibiscus sabdariffa were
investigated for their inhibitory activities on pancreatic lipase and alpha-glucosidase, in addition to
their antioxidant activities (using UV-vis spectrophotometer). Results: Both extracts displayed an-
tioxidant properties, indicated by ICsg of 516£6.80 ug/mL for H. sabdariffa aqueous extract and
28049.10 pg/mL for H. sabdariffa 50% ethanolic extract. The extracts also suppressed the activi-
ties of pancreatic lipase and alpha-glucosidase enzymes, which suggests possible anti-obesity and
anti-diabetic activities. H. sabdariffa aqueous extract inhibited pancreatic lipase activity with ICso of
167.51£2.7 ug/mL, whereas H. sabdariffa 50% ethanolic extract inhibited the enzyme with an ICsg
of 790.65+16.02 ng/mL. Both H. sabdariffa aqueous and ethanolic extracts also successfully inhib-
ited alpha-glucosidase enzyme activity with 1Csg 949.88£10.83 ug/mL, and 378.33£4.20 ug/ml,
respectively. Conclusion: Taken together, the outcome of the investigations offers the possibility
of the extracts as an anti-obesity, anti-diabetic, anti-metabolic and anti-aging agent, which can be
developed into supplements for adults to prevent the occurrence of these prevalent diseases and
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delay the onset and effects of aging.
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INTRODUCTION

Malaysia will be an aging country by 2020 where 7%
of the country’s population will be at the age of 65 or
above!, and in just 23 years after that, the Malaysian
aged population will double to 14% 2. Ensuring phys-
ical health and well-being of older adults is crucial, in
part, to reduce incidences of ill health and hospitaliza-
tion so that people can actively participate in society.
Biologically, aging is a time-related functional decline
of various organs and tissues that are involved in sur-
vival and fertility of an organism. It is mainly caused
by oxidative damage® and metabolic dysregulation*.
Older adults are burdened with the development of fa-
tal metabolic related diseases, such as cardiovascular
disorders, high blood pressure, type II diabetes melli-
tus, insulin resistance, hyperlipidemia, hypercholes-
terolemia, and obesity. Metabolic syndrome is de-
fined as a cluster of diseases which are associated with
the development of cardiovascular disorders”, mainly
caused by accumulation of excess fat and sugar in the
body. The pervasiveness of metabolic syndromes rises

with age®’. Development of metabolic syndrome is
15% higher in patients above the age of 40 compared
to the younger ones®. For every year of increase in
age, the risk of metabolic syndrome increases by 3% °.
Obesity is the most significant marker for develop-
ment of metabolic syndrome '°. Obesity also acceler-
ates aging, and incremental increases in the adipocyte
level increases systemic ROS levels?. In short, ac-
cumulation of excess fat and sugar is one of the fac-
tors leading to aging symptoms and most metabolic-
related problems that arise as one ages.

Natural products are well-known for their syn-
ergistic action of bioactive compounds, thereby
facilitating a more anti-oxidative and multi-targeted
approach compared to currently available single
drugs!'. Hibiscus sabdariffa is a medicinal plant
well-known for its therapeutic values, includ-
ing anti-hyperglycemic, anti-hypercholesteremic,
and thermogenesis-enhancement potential of its
aqueous extract'?. It is also rich in bioactive
compounds, including delphinidin-3-glucoside,

cyanidin-3-glucoside, delphinidin-3-sambubioside,
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and cyanidin-3-sambubioside '*. Delphinidins
possess numerous pharmacological activities, such
as antioxidant, anti-inflammatory, anti-cancer, and
Delphinidins inhibit
1516 Ap-

thocyanidins have anti-cancer, anti-diabetic and

anti-obesity properties 4.
adipogenesis and anti-obesity attributes

anti-obesity properties'”, and cyanidin-3-glucoside
has also been reported to have good antioxidative
capacity '8

Targeting a plant which has synergistic antioxidant,
alpha-glucosidase enzyme and pancreatic lipase en-
zyme inhibitory effects can delay the onset of biolog-
ical aging and minimize glucose and fat absorption
for preventing development of metabolic-related dis-
eases. Thus, plant-based therapy may be a reliable ap-
proach to improve the general health and well-being
of older adults. Hence, the current research study
aims to evaluate the total phenolic and flavonoid con-
tents of H. sabdariffa calyx extracts, as well as its an-
tioxidant, alpha-glucosidase and pancreatic lipase in-
hibitory properties, to determine the potential of H.
sabdariffa as an anti-aging health supplement.

MATERIALS AND METHODS

Extraction

One liter of extracting solvent (distilled water for
aqueous extract and 50% ethanol for ethanolic ex-
tract) was added to 100 g H. sabdariffa calyx (pur-
chased from Herbagus Sdn. Bhd., Pulau Pinang; col-
lected from Kepala Batas, Pulau Pinang area in Octo-
ber 2016.), sonicated for 1 hour, and macerated under
dark condition for 24 h at 20°C =+ 5. The mixture was
then filtered with muslin cloth to separate plant mate-
rial from fluid extract. The fluid extract was re-filtered
using a rotary vacuum filter to remove any remain-
ing coarse material. For aqueous extract, the filtered
fluid extract was spray dried using Mini Spray Dryer
B-290 (BUCHI, New Castle) at inlet temperature of
80°C, aspirator rate of 100% and flow rate of 5%. For
50% ethanolic extract, the filtered fluid extract was di-
luted with distilled water to 20:80 ethanol to water ra-
tio prior to spray drying.

Determination of total phenolics

Total phenolic content (TPC) of H. sabdariffa aque-
ous and 50% ethanolic extract was determined us-
ing Folin-Ciocalteu (FC) reagent (Sigma Aldrich, St.
Louis, MO) and gallic acid (Sigma Aldrich, St. Louis,
MO), per standard protocol with slight modifications.
In a test tube, 400 uL of 1 mg/mL H. sabdariffa ex-
tract was added to 2 mL FC reagent. After incubating
in the dark at 20°C45 for 5 minutes, 1.6 mL of 7.5%
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sodium carbonate (Sigma Aldrich) was added into the
mixture. The final mixture was incubated in the dark
at 20°C4£5. The absorbance was measured at 765 nm
using an UV-Vis spectrophotometer. A calibration
curve of gallic acid standard was constructed. All re-
sults are expressed as mg gallic acid extract (GAE) per
g extract.

Determination of total flavonoids

Total flavonoid contents were determined by the alu-
minum calorimetric method!®. In a 96-well plate,
150 uL of 1 mg/mL H. sabdariffa extract was added
to 150 uL (2%) aluminum chloride (AICl3) (Sigma-
Aldrich), After incubating for 15 min at 20°C+5,
the absorbance was measured at 435 nm using a
spectrophotometer. A calibration curve of quercetin
(Sigma-Aldrich) standard was constructed. All re-
sults were expressed as mg quercetin extract (QE) per
g extract.

Antioxidant activity determination

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sigma-
Aldrich) free radical scavenging capacity of H. sab-
dariffa aqueous and 50% ethanolic extracts was evalu-
ated according to Chin (2012)%°. H. sabdariffa aque-
ous and 50% ethanolic extracts were serially diluted
at a dilution factor of 2- from 2000 pg/mL to 125
ug/mL. Ascorbic acid was also serially diluted from
125 ug/mL to 1.95 pg/mL, at a dilution factor of 2.
Fifty uL of extract (or standard) was then added to
950 puL of 200 uM ethanolic DPPH solution, vor-
texed, and incubated at 37°C for 30 min. The ab-
sorbance of the mixtures at various concentrations
was measured at 517 nm using an UV-Vis spectropho-
tometer. The ICso was analyzed using OriginPro soft-
ware version 8.1 (Northampton, Massachusetts).

In vitro pancreatic lipase inhibitory assay

Firstly, 50 uL of extract or orlistat standard (Cayman
Chemical Company, Michigan, USA) was added to
100 nL of 0.1 mg/mL porcine pancreatic lipase (Sigma
Aldrich) in pH 6.8 potassium phosphate buffer solu-
tion. The mixture was incubated at 37°C for 30 min.
Then, 50uL of 2.275 mM p-NPB (Sigma-Aldrich) in
dimethyl formamide was added to the mixture and in-
cubated at 37°C for 30 min. The final concentration of
extracts in the reaction media was 2500 ug/mL, 1250
ug/mkL, 625 ug/mL, 312.5 ug/mL, 156.25 ug/mL, 78
ug/mL, and 39.06 pg/mL. The enzyme inhibitory ac-
tivity of the plant extracts was calculated using the
following equation, where A is the absorbance. The
ICs( was analyzed using OriginPro software version

8.1 (Northampton, Massachusetts) 21,
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In vitro alpha-glucosidase enzyme in-
hibitory assay

The potency of the plant extracts in alpha-glucosidase
enzyme inhibitory activity was evaluated by measur-
ing the hydrolysis of p-NPG to p-nitrophenol ion
and glucose with minor modifications. Briefly, 5000
to 78.13 ug/mL acarbose standard solution was pre-
pared by serial dilution with dilution factor of 2. Then,
10 mg/mL of extract was prepared and serially di-
luted from 10,000 ug/mL to 156 ug/mL, at a dilu-
tion factor of 2, to prepare the working solutions. In
a 96-well microplate, 50 uL of sample or acarbose
positive control (Bayer, Petaling Jaya, Malaysia) was
added to 100 uL of 1 U/mL alpha-glucosidase from
Saccharomyces cerevisiae (Sigma-Aldrich) solution in
potassium phosphate buffer pH 6.8, and incubated
for 10 min at 25°C. Then, 50 uL of 5 mM p-NPG
(Sigma-Aldrich) was added to each well and incu-
bated at 25°C for 5 min before reading the absorbance
at 405 nm on an UV-vis spectrophotometer. The final
concentration of extracts in the reaction media was
2500 g/mL, 1250 g/mL, 625 ug/mL, 312.5 ug/mL,
156.25 pg/mlL, 78 pg/mL, and 39.06 ug/mL. The en-
zyme inhibitory activity of the plant extracts was cal-
culated using the following equation, where A is the
absorbance. ICso was analyzed using OriginPro soft-
ware (OriginLab, Northampton, MA, USA) 22,

Statistical analyses

All analyses were performed in triplicate and data was
reported as mean £ SEM. One-way ANOVA was per-
formed to assess the significant differences at p<0.05.
All analyses were carried out using Microsoft Excel
2010 (Microsoft Corporation, Redmond, WA, USA).
The ICs( was analyzed using Origin Pro software.

RESULTS

Determination of total phenolics and total
flavonoids

The total phenolic and flavonoid content in the ex-
tracts were determined by comparing them with gal-
lic acid and quercetin standards, respectively. The to-
tal phenolics and flavonoids in the two extracts are
reported in Table 1 as mg gallic acid/g extract and
mg Quercetin/g extract, respectively. The phenolic
and flavonoid content in H. sabdariffa 50% ethanolic
extract was significantly higher than in H. sabdariffa
aqueous extract. Indeed, H. sabdariffa 50% ethanolic
extract contained total phenolics of 15.56 + 0.02 mg
GAE/g and total flavonoids of 3.53 & 0.00 mg QE/g,

whereas H. sabdariffa aqueous extract contained to-
tal phenolics and flavonoids of 6.65 =+ 0.00 mg GAE/g
and 10.08+0.01 mg QE/g, respectively.

Antioxidant activity determination

The ICsq of H. sabdariffa aqueous and ethanolic ex-
tracts were determined through DPPH method, as re-
ported in Table 2. H. sabdariffa 50% ethanolic extract
exhibited lower ICs( (280+£9.1 pg/mL), compared to
aqueous extract which exhibited an ICsy of 516+6.8
ug/mL.

Invitro pancreatic lipase enzyme inhibitory
assay

Table 3 shows the pancreatic lipase enzyme in-
hibitory activities of H. sabdariffa extracts. The as-
say was performed using orlistat as a positive con-
trol which showed an ICsp of 6.3940.14 pg/mL.
H. sabdariffa aqueous extract inhibited pancreatic
lipase enzyme from 6.36+0.75% to 90.484-0.34%
(with ICsg 167.5142.7 ug/mL), compared to H. sab-
dariffa 50% ethanolic extract which inhibited from
12.95+1.34 ug/mL to 79.761+0.49 pg/mL (with ICsq
790.65116.02 pg/mL).

In vitro alpha glucosidase enzyme in-
hibitory assay

The inhibitory activities of H. sabdariffa extracts
against alpha-glucosidase enzyme is reported in Ta-
ble 4. Acarbose was used as a positive con-
trol and showed ICsgof 75.714+0.96 pg/mL. H.
sabdariffa aqueous extract inhibited alpha glucosi-
dase enzyme from 2.4340.4% to 74.99+0.29% (with
ICs 949.88+10.83), compared to H. sabdariffa 50%
ethanolic extract which inhibited from 5.34+0.33 to
86.11:£0.15 (with ICs( 378.3344.2 ug/mL).

DISCUSSION

Imbalance between total energy intake and expen-
diture causes accumulation of excess fat and sugar
in the body which leads to obesity, type II diabetes
mellitus, metabolic syndrome, and accelerated aging.
The prevalence of obesity, diabetes mellitus type II,
and metabolic syndromes also increases as one ages.
Hence, inhibiting the activity of alpha glucosidase and
pancreatic lipase enzyme activity may be a promis-
ing approach in overcoming problems related to ac-
cumulation of excess fat and sugar as one ages. Si-
multaneously, high content of antioxidants also slows
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Table 1: Total phenolics and flavonoid contents of H. sabdariffa aqueousand H. sabdariffa 50%
ethanolic extracts

Extracts Total phenolics Total flavonoids
(mg) (mg)

H. sabdariffa aqueous extrac 6.6510.000 3.5340.002

H. sabdariffa 50% ethanolic extract 15.56+0.023 10.08-0.012

Result is reported in mean+SEM (n=3)

Table 2: DPPH free radical scavenging capacities of H.
sabdariffa aqueous and H. sabdariffa 50% ethanolic
extracts compared to ascorbic acid standard

Extract IC50+SEM (ug/mL)
Ascorbic acid 42.74+2.6
H. sabdariffa aqueous extract 516+6.80
H. sabdariffa 50% ethanolic extract 280£9.10

Result is reported as ICso£SEM (n=3)

Table 3: Pancreatic lipase enzyme inhibitory potency of
H. sabdariffa aqueous and H. sabdariffa 50% ethanolic
extracts compared to orlistat standard

Extract IC50+SEM (ug/mL)
Orlistat 6.391+0.14

H. sabdariffa aqueous extract 167.51+2.7

H. sabdariffa 50% ethanolic extract 790.65416.02

Result is expressed as ICs5o£SEM (n=3)

Table 4: Alpha-glucosidase enzyme inhibitory potency of H. sabdariffa aqueous and H. sabdariffa 50%

ethanolic extracts compared to acarbose standard

Extract

IC50+SEM (ug/mL)

Acarbose
H. sabdariffa aqueous extract

H. sabdariffa 50% ethanolic extract

75.71 £ 0.96

949.88 +10.83

378.33 £ 4.20

Result is expressed as ICso=SEM (n=3)

down the aging process. Thus, the current study in-
vestigated the antioxidant, anti-pancreatic lipase and
anti-alpha glucosidase activities of Hibiscus sabdariffa
aqueous and 50% ethanolic extract.

The extract is targeted to be delivered in the intestines
to inhibit the dietary enzymes and to be absorbed into
the circulatory system to act as antioxidants. Thus, it
is most suitable to be delivered as an oral dose form.
Water and ethanol are two solvents which are least
toxic compared to others for the development of oral
dose form. Extraction with water and 50% ethanol
showed high yield compared to 100% ethanolic ex-
tract. Thus, H. sabdariffa calyx was extracted with wa-
ter and 50% ethanol, respectively, to study their an-
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tioxidant, anti-pancreatic lipase, and anti-alpha glu-
cosidase potency.

ROS are generated from biochemical reactions and di-
etary xenobiotics. They initiate chain reaction and
cause oxidative stress which cause damage to cells
and organs. Antioxidants inhibit oxidation, terminate
chain reaction, prevent cell damage, thereby delay-
ing aging. Plants are rich with bioactive compounds,
mainly phenolics, which are well-known for antioxi-
dant properties. The antioxidant activities of H. sab-
dariffa extracts was determined using TPC, TFC, and
DPPH assays. Both extracts were found to contain
significant amount of phenolics and flavonoids, and to
exhibit antioxidant activity against DPPH. However,
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Figure 1: Porcine pancreatic lipase enzyme inhibitory activity of H. sabdariffa aqueous and H. sabdariffa
50% ethanolic extracts compared to orlistat standard. Result is expressed as ICsy+=SEM (n=3).

H. sabdariffa 50% ethanolic extract contain higher
phenolics and flavonoids compared to the aqueous ex-
tract. Corresponding to the phenolic and flavonoid
contents, the antioxidant activity was also observed
to be higher in 50% ethanolic extract (280£9.10
ug/mL).

Accumulation of fat increases adipose tissue mass and
ROS levels, which initiate a chain reaction leading to
damage of organs and acceleration of aging. More-
over, the prevalence of metabolic disorders due to ac-
cumulation of excess fat and sugar among older peo-
ple are high. Thus, inhibiting the activity of alpha glu-
cosidase and pancreatic lipase dietary enzymes may
reduce absorption of fat and glucose in the body, and
prevent accumulation of fat and generation of ROS.
In addition, metabolic disorders due to accumulation
of excess fat and sugar among older people can be
solved. Alpha-glucosidase enzyme breaks down large
polysaccharides into simpler monosaccharides or dis-
accharides. Similarly, pancreatic lipases break down
large triglycerides into simpler glycerol and fatty acid.
High activities of these enzymes enhance the absorp-
tion of sugar and fat into the systemic circulatory sys-
tem. Therefore, inhibiting the activities of these en-
zymes is a key target to minimize fat and sugar absorp-
tion, and is a widely studied mechanism to investigate
the potency of natural products, such as anti-obesity
agents?®. Orlistat, a potent pancreatic lipase inhibitor
has been shown to prevent 30% of dietary fat ab-
sorption from the intestines into the bloodstream %,
However, it is also associated with side effects in-
cluding abdominal cramping, fat-soluble vitamin de-
ficiencies, liquid stools, and fecal urgency?>. Cur-
rent research indicates that both H. sabdariffa aque-
ous and ethanolic extracts have high antioxidant ac-
tivity and successfully inhibit pancreatic lipase and

alpha-glucosidase enzyme activities. However, H.
sabdariffa aqueous extract showed higher potency in
inhibiting pancreatic lipase enzyme with an ICs of
167.5142.7 pg/mL (Figure 1). It inhibits the enzyme
from 6.36% to 90.48%. On the other hand, H. sabdar-
iffa 50% ethanolic extract inhibited alpha-glucosidase
with ICs of 378.33+4.20 pg/mL (Figure 2). Thus,
both extracts show good candidacy to be developed
into antioxidant supplements to eliminate excess fat
and sugar from the body and to slow down the pro-
cess of aging.
The phytochemicals in plant extracts, including phe-
nolic compounds, flavonoids, anthocyanidins and
other compounds, have potent alpha glucosidase
and pancreatic lipase enzyme inhibitory potential2°
For instance, ethyl acetate extract of Vitis ro-
tundifolia  exhibited potent alpha-glucosidase and
pancreatic lipase inhibitory activity?”.  Similarly,
alpha-glucosidase and pancreatic lipase enzyme in-
hibitory activity of Nelumbo nucifera leaves was also
reported >, Natural antioxidants including polyphe-
nols, ascorbic acid and tocopherols have also been re-
ported to have pancreatic lipase inhibitory effect?’.
Some flavanols have also been reported to be potent
inhibitors of pancreatic lipase activity>>>!. Belfeki et
al. (2016) also reported a strong positive correlation
between antioxidant capacity and digestive enzyme
inhibitory activities of several plants>2.

CONCLUSION

Most complications, including metabolic syndromes
that develop as one ages, are caused by accumula-
tion of excess sugar and fat in the body. Accumu-
lation of fat in adipocytes elevates oxidative dam-
age and accelerates aging. Current research revealed
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Figure 2: Alpha-glucosidase enzyme inhibitory activity of H. sabdariffa aqueous and H. sabdariffa 50%
ethanolic extracts compared to acarbose standard. Result is expressed as IC5o+=SEM (n=3)

that H. sabdariffa aqueous and ethanolic extracts con-
tain high phenolic content and have good therapeu-
tic values, including antioxidative, anti-pancreatic li-
pase and anti-alpha-glucosidase activities. Hence, it
can be a good alternative for elimination of excess
fat and sugar from the body and can be a potential
candidate to develop as supplements or functional
food that could contribute to anti-aging, anti-obesity,
anti-diabetic and anti-metabolic syndrome for older
adults. However, this is a preliminary in vitro study
and requires further investigations, including in vivo
assays and human trials.

ABBREVIATIONS

DME: Dimethyl formamide

DPPH: 2,2-diphenyl-1-picrylhydrazyl
FC: Follin- Ciocalteau’s

GAE: Gallic acid equivalent

ICsp: 50% inhibitory concentration
p- NPB: p-Nitrophenyl butyrate

p- NPG: p-Nitrophenyl glucopyranoside
QE: Quercetin equivalent

ROS: Reactive oxygen species

TFC: Total flavonoid content

TPC: Total phenolic content
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